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Policy Statement

The primary purpose of publishing the Proceedings is to provide documentation of the

scientific presentations in abstract form, available at the AAEP Annual Convention. Its

further purpose is to offer easily accessible information that will assist the AAEP

membership, and others in the equine industry, in the daily responsibility of providing

the best possible care for the horse.

Mission Statement

To improve the health and welfare of the horse, to further the professional
development of its members, and to provide resources and leadership for the benefit
of the equine industry.

Future AAEP CE Dates

2021 360° on Ophthalmology Gainesville, Florida June 23–26

2021 Summer Focus Conference and Labs –

Sport Horse Pre-Purchase Exam Lexington, Kentucky

2021 67th Annual Convention Nashville, Tennessee December 4–8

2022 68th Annual Convention San Antonio, Texas November 18–22

2023 69th Annual Convention San Diego, California November 29–Dec 3

2024 70th Annual Convention Orlando, Florida December 7–11

Want to know how your AAEP Annual Convention program came together?

The Scientific Review & Editorial Committee (SREC) is charged with creating and reviewing educa-
tional content to produce high-quality CE for the AAEP. The committee is composed of AAEP member
volunteers from both small and large private practices as well as academia and industry. Members
include both general practitioners and specialists.

The 2020 program includes invited papers for the “In-depth” and “How to” sessions as well as sessions
comprised of papers that independent authors submitted for consideration. Topic choices for the
invited “In-depth” and “How to” sessions are based on member feedback from AAEP CE Needs Analysis
surveys. Topic session leaders are selected by the Program Chair, and then these session leaders invite
a slate of speakers to prepare the papers that become an “In-depth” overview or a series of related “How
to” talks. Although invited, these papers undergo a rigorous peer review process by the SREC.

Papers submitted by independent authors are each assigned 3 reviewers from the SREC. The reviewers
do not know the names of the authors. Content is scored using the criteria of Study Design, Study
Quality, Innovation and Impact, Practicality, and Manuscript Quality. This year 158 papers were
submitted for the 71 available slots on the program.

Non-scientific sessions addressing business, ethical, and industry concerns are also planned as the
scientific program materializes. Speakers who are invited to participate in these sessions prepare
papers that are also reviewed by members of the SREC for inclusion in the Proceedings.

The peer review process for the AAEP Proceedings is rigorous. It requires an enormous effort by every
one of the 50 members of the SREC to create the best possible program for the AAEP membership. Many
volunteer hours were spent putting together the 2020 program, so please thank them for all their hard
work creating this program for you.
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From Your President

Dear AAEP Members & Guests:

The 2020 Annual Convention Program Chair, Scott Hay, and the Educational
Programs Committee and Scientific Review & Editorial Committee (EPCSREC)
have kept with our value and history of unparalleled continuing education, both
through traditional and new, creative means. In the 2020 conference you will
find our traditional educationally packed proceedings book as well as the oppor-
tunity to experience the hard work that has gone into transforming our face-to-
face meeting into an innovative AAEP Virtual Convention rich with traditions
you have come to expect and enjoy.

Specifically, you will experience the AAEP’s high-quality continuing education, along with a first-class trade
show that will offer one-on-one opportunities to meet with exhibitors, and social events to allow attendees to
mingle, catch up with old friends and network.

The AAEP’s EPCSREC worked many hours to develop this program and with the exception of hands-on labs,
the content for the virtual program will remain fundamentally the same. We’re excited about collaborating
with speakers to create dynamic virtual presentations and attendees will have access to ALL educational
sessions. For the first time ever, you will have the opportunity to receive as many hours of continuing education
as AAEP offers. Our hope is to expose even more equine veterinarians to the AAEP through this platform.

The Virtual Trade Show promises to be exceptional so be sure to thank our many exhibitors and in particular,
our Educational Sponsors. Their support for the AAEP is a key part of our ability to continue to provide such
high-quality continuing education.

As this unusual year comes to a close, please know that AAEP represents you, the equine veterinarian, on
many issues. I was proud to represent the AAEP and saw the impact AAEP members have on the veterinary
and equine industry. The Board of Directors have been outstanding, and I would like to thank each of them for
working so hard towards the mission of our organization. It has been a pleasure to serve as AAEP President
in 2020.

I look forward to ‘seeing you’ online!

David D. Frisbie, DVM, PhD, DACVS, DACVSMR
2020 AAEP President
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From Your President-Elect
and Program Chair

Hello AAEP members, students, and guests and welcome to the AAEP 66th AAEP Virtual

Annual Convention & Trade Show! As the 2020 Program Chair, I must say, it has been

an interesting year.

Although disappointed to not be able to see everyone in person, we are excited about the

opportunities for education and connection presented by a Virtual Convention & Trade

Show. We will work hard to bring you the unique events you love and are committed to virtually hosting many of the popular

elements, including peer-reviewed education and connection to Trade Show exhibitors from the equine industry.

This program would not have been possible without the members of the Educational Programs and Scientific Review &

Editorial Committees, led by Chair Dr. Charlie Scoggin and Dr. Tracy Norman. The committee members put an extraordi-

nary amount of time into selecting topics and reviewing papers in order to present a high quality and balanced meeting for

our broad range of member interests.

Some “Must See” virtual offerings this year include. . .

● The Kester News Hour: Always popular, the same exciting format debuted in 2019 will be offered once again and include

anchors, a forecaster, sportscaster, and field reporter. This will be a fast-paced, cutting edge session with the latest

veterinary research and equine news topics and an abundance of take-home information.

● Milne Lecture: Dr. John Hubbell, world renowned expert in equine anesthesia and pain management, will trace the

development of current anesthetic methods, identify current-day best practices and areas of needed improvement, and

postulate pathways for enhancing the safety of equine anesthesia in the future.

● In-depth Sessions: We’ll go “in-depth” examining lameness, imaging, neonatology, and medication and therapeutics for

performance horses.

● How-to Sessions: Practical information and techniques will be presented on how to manage hoof lameness, nutrition, and

medication and therapeutics for performance horses. These talks are intended to allow the practitioner to go back to their

practice and immediately implement.

● Other Sessions not to miss are Basic to Basics: The Acute Abdomen in the Field; Ethics–Handling Difficult Conver-

sations; Safety Issues and Efforts in Equine Sport: Past, Present, and Future; and Physical Wellbeing.

● Business Education: The business education theme for 2020 is “The Healthy Practice” and topics will include student

loan repayment strategies, cannabis and legal conundrums, pregnancy in practice, and much more to help you

manage your practice and personal life.

● Trade Show: Be sure to support our 2020 exhibitors and spend time in the Virtual Trade Show. You will be able

to view products, show specials, and interact in real time with sales staff.

● Table Topics: These interactive sessions will be offered in full force with many of your favorites as well as some

new topics. Facilitators with different perspectives will moderate these discussions, answer attendee ques-

tions, and provide their input.

I want to thank the AAEP Board, Educational Programs Committee, staff, and everyone who has helped make this meeting

happen. Program planning and pivoting to a virtual convention experience will be a challenge but we have such a great group of

volunteers and members, I have no doubt it will be a success!

We appreciate your patience and we’ll continue to do everything we can to maintain the same level of education and community

our members are accustomed to. Thank you!

Sincerely,

Scott A. Hay

2020 AAEP President-Elect
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2020 AAEP Board of Directors

President
David D. Frisbie, DVM, PhD, DACVS,

DACVSMR

President-Elect
Scott A. Hay, DVM

Vice President
Emma K. Read, DVM, MVSc, DACVS

Executive Director

David L. Foley, CAE

Immediate Past President

Jeffrey T. Berk, VMD, MRCVS

Treasurer

Lisa M. Metcalf, DVM, MS, DACT

Luke Bass, DVM, MS, DABVP
Duane E. Chappell, DVM
Amanda M. House, DVM, DACVIM
Foster Northrop, DVM

Sarah Reuss, VMD, DACVIM

Mitchell K. Rode, DVM

Deborah L. Spike-Pierce, DVM, MBA

2020 AAEP Awards

Distinguished Life Member – Dr. Suzi L. White
The AAEP Distinguished Life Member designation is awarded to a member in
recognition of outstanding contribution to the association throughout their career.

Distinguished Educator Award (Mentor) – Dr. Stephen E. O’Grady
Awarded to an individual who by his or her actions and commitment has demonstrated a
significant impact on the development and training of equine practitioners through mentoring.

Distinguished Service Award – Mr. Keith Kleine
Awarded to an individual who has provided exemplary service to the AAEP or a similar
organization to the benefit of the horse, horse industry, or the profession of equine veterinary
medicine.

Sage Kester Beyond the Call Award – Dr. Scott E. Palmer
This award is named in honor of its first recipient, the late General Wayne O. “Sage” Kester,
DVM, and represents the highest honor bestowed by the AAEP upon a current or former
member. The award is presented to an individual who has made significant and long-lasting
contributions to equine veterinary medicine and the community. This individual not only
possesses the qualities of a leader with a strong commitment to the health and welfare of the
horse, but also impacts and improves the lives of others through service above self.

AAEP Research Award – Dr. Katrin Hinrichs
The AAEP Research Award recognizes an individual who has recently completed research that
has or will make a significant impact on the diagnosis, treatment or prevention of equine
disease.

The Lavin Cup – New Vocations
Named for AAEP past president, A. Gary Lavin, VMD, this award is presented to a
non-veterinary individual or organization that has demonstrated exceptional
compassion or developed and enforced rules and guidelines for the welfare of the horse.
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General Instructions for Authors
67th AAEP Convention

Nashville, TN
December 4–8, 2021

ALL papers must be submitted online by March 15, 2021, 3:00 p.m. ET.

The AAEP Proceedings is protected by copyright, and

information submitted and accepted becomes the prop-

erty of AAEP. However, requests for copies or reprints

will be honored by AAEP only with the cooperative per-

mission of the presenting author, who by his or her

presentation represents all authors. AAEP reserves the

right not to accept any submission without further re-

course.

Presentations for the AAEP Convention will be selected directly

from the review-ready submissions to the AAEP. Submissions

may include case series with follow-up data, or the results of

experimental or observational studies as scientific papers, as well

as “How to” and review papers. Selection will be made by the

Scientific Review & Editorial Committee (SERC). The quality of

the submission will determine the selection. Missing data or pro-

posed, but not completed, procedures will exclude the submis-

sion from consideration. AAEP invites information dealing with

any subject germane to equine practice, but special consideration

will be given to submissions by practitioners and material with

practical content or new information. At least one author of a

report describing diagnosis, treatment, or the interpretation of

medical information should be a veterinarian.

All submissions should strictly adhere to the Instructions for

Authors. Submissions will be ranked using the AAEP Scoring

Criteria and the highest-ranking papers will be selected for the

available time.

Authors are expected to acknowledge all sources of funding or

support for the work described and to disclose to the SREC any

financial interest (including ownership, employment, consul-

tancy arrangements, or service as an officer or board member)

they have with companies that manufacture or sell products that

figure prominently in the paper or with companies that manufac-

ture or sell competing products. Such an interest will not neces-

sarily influence the decision to accept or reject a submission for

the program, but must be included in the Acknowledgments sec-

tion for the convention Proceedings.

Guidelines:
Failure to adhere to the following format will result in non-accep-

tance. It is the author’s responsibility to convince the SREC of the

value of the submission, as well as to portray to the reader the

contents of the presentation. Specific instructions for

Scientific papers, “How to” papers, Review papers, <

250 word abstracts, and Business papers can be found

in their respective sections.

Format:
● 12 point, Times New Roman font

● Double-spaced

● 1” margins

Proceedings should be written in the third person. Avoid the

use of the first person and pronouns such as I, we, my, mine,

us, our, ours.

Example of first vs. third person:

Rather than stating in the first person: “We concluded

from our results that A plus B did not equal C”, use the

third person: “The results of the study indicated that A

plus B did not equal C”.

Headings should include (but are not limited to) the

following:

1. Take Home Message

2. Introduction

3. Materials and Methods

4. Results

5. Discussion

6. Acknowledgments

i. Declaration of Ethics

ii. Conflicts of Interest

7. References

Title:
The title should be 15 words or fewer, at the top and on the first

page.

Example:

Upper Respiratory Dysfunction in Horses During High Speed

Exercise

Take Home Message:
This should be a concise summary of the main conclusion

and should be no longer than two or three sentences (ap-

proximately 50 words). “How to” papers do not require a

take-home message.

Example:

Local anesthetic injected into the coffin joint is not selective

for only this joint. Such injections will desensitize much of the

navicular bone and its suspensory ligaments.

Introduction:

The rationale for the submission should be given briefly

and significant published work acknowledged here. The

clinical significance should also be included, as well as a

clear statement of the objective or purpose of the submis-

sion. The statement of objectives is usually found in the

last sentence of the Introduction.

Materials and Methods:

This section should describe experimental methodology in

the case of a didactic study or, in the case of a clinical study,

should include a description of the population from which

the animals were selected and how they were selected for

inclusion in the report.
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Data obtained and how they were obtained must be described. A

description of the statistical methods used to summarize data,

test hypotheses, and characterize the significance of results

should also be included. Normality of the data should be de-

scribed, and statistical analysis should be appropriate for the

distribution of the data (parametric or non-parametric). For

weights and measures, metric units should be used. Dosages

should be expressed entirely in metric units and with specific

time intervals.

Example:

22 mg/kg, q 12 h, IV (not 10mg/lb, BID, IV)

Results:
Actual results with numbers and data must be presented.

When possible, quantify findings (mean, median, propor-

tion) and present them with appropriate estimates of mea-

surement error or uncertainty (such as standard deviation

(SD), standard error (SE) or confidence interval) in addition

to the results of hypothesis testing. If the data can be well

represented with a graph or figure, these are encouraged if

subsequent publication is not anticipated. If numbers and

data are not presented due to concerns regarding publica-

tion in a refereed journal, indications of relative differ-

ences between groups such as odds ratios, % change, and

significant differences must be included in the submission

to be considered acceptable. In these instances, the au-

thors should submit the data in the form of means, stan-

dard deviations, or other descriptions of comparisons

among groups in an appendix, which will not be published

and only used for review purposes.

Discussion:
Important findings documented in the results of the study should

be stated. Results should be related to other work which has been

done and how the results differ or agree with previously published

work and why any differences may have occurred should be dis-

cussed. The practical take home message for the equine practi-

tioner should be clearly defined and stated in the summarizing

final statement. This statement may be longer, but should be

similar in content to the take home message at the beginning of

the paper.

The following items must be fully explained in the paper:

the number of horses that have been worked on, how many

will be affected, and evidence that the procedure works and

is safe.

Recommended Nomenclature:
Anatomy and anatomic planes should be described using

standard nomenclature following the guidelines developed

by Nomina Anatomica Veterinaria (http://www.wava-amav.

org/downloads/nav_2012.pdf)

Acknowledgments:
Acknowledgments should include financial and material support

for research (e.g., Grayson-Jockey Club Research Foundation,

AQHA Foundation) and technical support for work performed.

Authors are expected to disclose the nature of any financial inter-

ests (including ownership, employment, consultancy arrange-

ments, or service as an officer or board member) they have with

companies that manufacture or sell products that figure promi-

nently in the submission or with companies that manufacture or

sell competing products.

Declaration of Ethics:
A Declaration of Ethics statement should be included in the

paper under the Acknowledgments section. Authors must

declare if they have adhered to the Principles of Veterinary

Medical Ethics of the AVMA (https://www.avma.org/KB/

Policies/Pages/Principles-of-Veterinary-Medical-Ethics-of-

the-AVMA.aspx)

1. If your paper or presentation references the use of a

compounded pharmaceutical, please be certain that you

are familiar with the FDA guidelines on the use of com-

pounded pharmaceuticals and that the product you ref-

erence is in compliance. See section below regarding

papers using compounded medications or medical de-

vices.

2. All submissions should cite levels of evidence-based med-

icine.

You should plan to include any ethical considerations as part

of your oral presentation if your paper is accepted.

Conflicts of Interest:

Authors are expected to disclose the nature of any financial inter-

ests they have with companies that manufacture or sell products

that figure prominently in the submission or with companies that

manufacture or sell competing products. (This includes owner-

ship, employment, consultancy arrangements, or service as an

officer or board member.) A Conflict of Interest statement should

be included in the paper under the Acknowledgments section

whether a conflict exists or not.

Example of COI Statement

Conflict of Interest: Dr. Jane Doe has served as a paid

technology analyst for the venture capitalists that ini-

tiated the formation of Company ABC and served as a

member of the Board of Directors of Company ABC

from its inception until 2008. Company ABC is cur-

rently commercializing the use of Product XYZ. Dr.

Jane Doe has also served as a paid consultant and

continues to serve on the Company ABC Advisory

Board. Dr. John Doe has no conflict of interest.

All authors are required to disclose any actual or potential conflict

of interest including any financial, personal or other relationships

with other people or organizations within three years of beginning

the submitted work that could inappropriately influence, or be

perceived to influence, their work.

At the point of submission, the American Association of

Equine Practitioners’ (AAEP) policy requires that authors

must disclose and describe the nature of any actual or

potential financial and/or personal relationships they have

with companies that manufacture or sell products that

figure prominently in the submission or with companies

that manufacture or sell competing products.

It is the Submitting author’s responsibility to ensure that

all authors adhere to this policy.

1. Any and all authors listed on the paper must disclose

any actual or potential conflicts of interest.

2. Any and all authors listed on the paper must disclose if

no conflict exists.

3. The nature of the conflict (actual or potential) needs to

be described.

References:

References to published works should be limited to what is rele-

vant and necessary. Number references in the text with super-

script numbers consecutively in the order in which they are first

cited. Under References, list all authors when there are three or
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fewer; list only the first three and add “et al.” when there are four

or more. The author is responsible for the formatting and accu-

racy of all reference citations. Since readers frequently depend

upon the reference citations to guide them in further reading, it is

imperative that the citations are correct so that libraries can lo-

cate the papers a reader may wish to obtain.

Examples:

Journal article:

Auer JA, Martens RJ, Williams EH. Periosteal deformities

in foals. Am J Vet Res 1982;181:459–466.

Murphy CJ, Lavoie JP, Groff J, et al. Bilateral eyelid swell-

ing attributable to lymphosarcoma in a horse. J Am Vet

Med Assoc 1989;194:939–942.

Some common journal abbreviations include: Acta Vet

Scand, Am J Vet Res, Can J Vet Res, Can Vet J, Cornell

Vet, Compend Contin Educ Pract, Equine Vet J, Equine

Vet J Suppl, J Am Vet Med Assoc, J Vet Diagn Invest, J

Vet Intern Med, Prev Vet Med, Vet Clin North Am Equine

Pract, Vet Radiol, Vet Rec, Vet Surg. Other journal names

should be abbreviated in accordance with the National

Library of Medicine and Index Medicus.

Book:

Turner AS, McIlwraith CW. Techniques in large animal

surgery. Philadelphia: Lea and Febiger, 1982;186–191.

Banks P, Bartley W, Birt LM. The biochemistry of the

tissues 2nd ed. London: John Wiley & Sons, 1968;24.

Devlin TM, ed. Textbook of biochemistry with clinical

correlations. New York: John Wiley & Sons, 1982;

14–36.

Chapter in a book:

Axelrod B. Glycolysis. In: Greenberg DM, ed. Metabolic

pathways, vol 1. 3rd ed. New York: Academic Press, 1967;

112–145.

Kainer RA. Functional anatomy of equine locomotor or-

gans. In: Stashak TS, ed. Adams’ lameness in horses 4th

ed. Philadelphia: Lea and Febiger, 1987;12–18.

Proceedings:

Divers TJ. Acute renal failure in horses and cattle,

in Proceedings. 3rd Am Coll Vet Int Med Forum 1985;

93–95.

Lamb CR, Koblik PD, O’Callaghan MW, et al. Comparison

of bone scintigraphy and radiography as aids in the eval-

uation of equine lameness: Retrospective analysis of 275

cases, in Proceedings. Am Assoc Equine Pract 1989;35:

359–368.

Footnotes:
References to dissertations, theses, abstracts, personal com-

munications and papers submitted but not yet accepted for

publication should be footnoted:

Jones CD. The selective advantage of the ABO blood

groups [thesis]. Ithaca, NY: Cornell University; 1990.

Bramlage LR. Lexington, KY. (personal communication)

1996.

Smith AB. Unpublished data. January 1990.

Evans LH. Entrapment of the epiglottis. Am Assoc Equine

Pract. In Press 1981.

Products and equipment should be identified by chemical

or generic names or descriptions.

All products should be footnoted, along with the manufac-

turer’s full address. A trade name may be included in a let-

tered footnote along with the name and location (full mailing

address including zip code) of the manufacturer when the

product or equipment was essential to the outcome of the

experiment or treatment.

Example:

All horses were sedated with a combination of detomidine

HCLa (10-20 mg/kg IV) and butorphanol tartrateb (0.01-

0.02 mg/kg IV).
a Dormosedan® Orion Corporation, Espoo, Finland.
b Torbugesic®, Fort Dodge Animal Health, Fort Dodge, IA

50501.

Figures:
● The resolution should be at least 300 dpi.

● Figures should be cited in the text in parentheses (Fig. 1)

consecutively in the order in which they are first

mentioned.

● The figure itself should also be numbered to correspond

to the citation in the text.

● Figures must include captions, 40 words or fewer.

Tables:
Tables should be self-explanatory and should supplement

the text. Provide a concise, descriptive title for each table.

Figures, tables, and text should all be included in the same

document.

Permissions:
If you wish to use previously published material, including

text, photographs, or drawings, you must acknowledge

the original source and submit written permission from the

copyright holders (author and publisher) to reproduce

the material. Provide this permission when you submit your

original manuscript.

IACUC Approval:
AAEP is dedicated to the humane use of animals in scientific

research in accordance with the Institutional Animal Care

and Use Committee (IACUC).

Compounded Medications or Medical

Devices:
To be considered for selection on the Annual Convention

program, abstracts that include the use of compounded

drugs must adhere to the tenets described in the AAEP

Equine Veterinary Compounding Guidelines. Specifically,

compounded drug or medical devices cannot be used in
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lieu of an FDA-approved product if the approved product has

a label indication for the purpose or condition being evalu-

ated or described in the paper.

An exception to this policy will be made for papers report-

ing clinical trials conducted in fulfillment of the require-

ments for the approval of a new drug (FDA) or biologic

(USDA).

Submitted papers that use compounded drugs or medical

devices will undergo a secondary review by an individual(s)

with expertise in this area. The individual(s) will then make a

recommendation about the suitability of the submission for

potential inclusion in the program.

Standard of Care:
The AAEP is sensitized to having people use the term “Stan-

dard of Care” from the podium. If you plan to do this, please

include this in your abstract or written submitted material so

the SREC can confirm its agreement with your statement.

1. A diagnostic and treatment process that a clinician

should follow for a certain type of patient, illness, or clin-

ical circumstance. Adjuvant chemotherapy for lung can-

cer is “a new standard of care, but not necessarily the only

standard of care.” (New England Journal of Medicine,

2004).

2. In legal terms, the level at which the average, prudent

provider in a given community would practice. It is how

similarly qualified practitioners would have managed the

patient’s care under the same or similar circumstances.

The medical malpractice plaintiff must establish the ap-

propriate standard of care and demonstrate that the stan-

dard of care has been breached.

Deadline:
ALL papers must be submitted online by March 15,

2018, 3:00 p.m. E.T.; under no circumstances will submis-

sions received after the deadline be considered or reviewed.

ALL deadlines must be adhered to in order to have the pub-

lished Proceedings available at the meeting.

Review Process:
To respect the integrity of the Annual Convention program

and ensure the fairness of the review process, AAEP has

adopted blind reviewing in which the identity of the authors

and reviewers are not known to each other. Papers will be

reviewed, scored, and selected by the SREC. Please follow the

blinding guidelines below.

Blinding Guidelines:

● The title page and/or front matter of the blinded version of

a paper should contain no references to any author or to

his/her affiliation.

● All unpublished works by an author of the submitted man-

uscript should be blinded.

● When referring to an author’s publication, the form of third

person should be used.

● Any acknowledgments that identify any authors should be

removed from the blinded version. Also, please delete any

notes that indicate affiliation, conference presentations,

grants, author or departmental websites, etc.

● Do not use author name or affiliation in the names of the

submitted files.

Scoring Criteria:
One goal of the SREC in choosing submissions for the AAEP

annual meeting is to combine the best available clinical re-

search with clinical experience and expertise to meet the

needs of our patients. The AAEP Scoring Criteria can be

requested from cross@aaep.org.

Pre-Press Approval:

Authors will have final approval at the page proof stage.

Changes/updates in numbers, dosages or inappropriate

grammar may be made within one week of receiving page

proofs. Final grammatical changes will be the decision of the

editors. Substantial changes or removal of any data will re-

sult in forfeiture of complimentary registration and travel,

and exclusion from the program.

Honorarium:

Presenting authors will receive one complimentary registra-

tion and a check for $550 to help support travel.

Mentors for Authors:

Paper submissions by private practitioners and first-time

authors are highly encouraged. The AAEP has a list of mem-

bers in various areas of expertise who have agreed to volun-

teer their time to mentor an author who needs guidance. To

see this list, email Carey Ross at cross@aaep.org.

Scientific Papers: Guidelines
for Authors

67th AAEP Convention
Nashville, TN

December 4–8, 2021

ALL papers must be submitted online by
March 15, 2021, 3:00 p.m. ET.

Authors who do not intend to publish in a refereed journal

are welcome to submit a Scientific Paper.

Scientific Paper selection will be made by the Scientific

Review & Editorial Committee (SREC). The quality of the

Scientific Paper will determine the selection. Missing data or

proposed, but not completed, procedures will exclude the

Scientific Paper or other paper from consideration. AAEP

invites information dealing with any subject germane to

equine practice, but special consideration will be given to

presentations by practitioners and material with practical

content or new information. At least one author of a report

describing diagnosis, treatment, or the interpretation of

medical information should be a veterinarian.

Scientific papers should be formatted as described in the

General Instructions for Authors. Scientific papers should

be no fewer than 600 words, with no upper word limit.

The “How to” Paper: Guidelines
for Authors

67th AAEP Convention
Nashville, TN

December 4–8, 2021

ALL papers must be submitted online by
March 15, 2021, 3:00 p.m. ET.

“How to” papers are presented to describe and explain a

technique or procedure used in equine veterinary medicine

or the equine industry. The technique should be relatively

new or not widely understood or used in practice. The goal of

the “How to” paper is to give equine veterinarians the infor-

mation they need to critically evaluate the pros and cons of
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the technique and implement it in their practice if they

choose.

“How to” papers can be patterned after a modification of

the style for a Scientific Paper supporting a scientific presen-

tation. Refer to General Instructions for Authors as you pre-

pare your submission. How to papers should be no fewer

than 600 words, with no upper word limit.

The title should begin with “How to . . .” and clearly iden-

tify the technique or procedure that will be presented. A

“Take Home Message” is not required for “How to” papers.

The Introduction should include why you use the technique.

If there is a problem with the traditional methods or if the

currently used method can be improved, this should be

explained.

The Materials and Methods section should explain exactly

how the technique is performed so that another veterinarian

familiar with the subject area could follow your example. You

may use a step-by-step method for the paper and the presen-

tation. All medications, supplies, and equipment used

should be described using generic names. Trade names and

addresses of commercial products critical to the technique

can be included in a footnotes section.

The Results section should include a summary of what

happens when you use this technique. The number of horses

treated in this manner and an assessment of the outcome

should be included. You may use personal assertions or data

to assert its value, but you must explain how you determined

that the technique works.

In the Discussion section, you can give your personal

views as to why you think the technique works. Discuss the

pros and cons of your approach. Explain how the technique

has helped you in your practice and why this should be

important to your colleagues. The end of the discussion

should contain a summary of the technique and its advan-

tages in the take home message. Case selection, case study

number, and case follow up should all be included.

Review Paper: Guidelines
for Authors

67th AAEP Convention
Nashville, TN

December 4–8, 2021

ALL papers must be submitted online by
March 15, 2021, 3:00 p.m. ET.

Review papers are presented for the purpose of updating the

membership on a new subject or for gathering information

that may be conflicting. The aim of the paper is to help the

membership put the information in perspective, and to make

judgments on conflicting information. A review paper will not

principally present original data; the goal is to clarify existing

knowledge on a subject and help the membership better use

the information in their day-to-day practice.

Review papers should generally be formatted as described

in the “General Instructions for Authors” except where oth-

erwise noted here. The paper should be titled “Review of

Some Subject.” The content of review articles should be

organized with headings and subheadings that provide a log-

ical flow to the material presented. A “Take Home Message”

is required for a Review Paper. The Introduction should de-

fine the subject matter and put it in context, explaining why

the review is necessary. The purpose of the review paper

should be clearly stated in the Introduction.

Agreement and disagreement within the subject matter

should be identified along with the strengths and limitations

of the information sources. Reference should be made to the

authors who generally support the opinions stated. The au-

thor’s perspective, including his/her own interpretation of

the information if it is different from previously published

opinions, should be included. The end of the discussion

should contain a summary and the conclusion that the au-

thor has drawn for the audience, based upon the reviewed

data. As with a Scientific Paper, a “Take Home Message”

should be provided by the author that summarizes the prac-

tical application of the information for the practitioner.

An appropriately complete reference list should be included.

The format for references is the same as that described in the

“General Instructions for Authors.” Review papers should be

no fewer than 600 words, with no upper word limit.

Illustrations should be provided in the format described in

“General Instructions for Authors”. If previously published

material is submitted, including text, photographs or draw-

ings, the author must acknowledge the original source and

submit written permission from the copyright holders (au-

thor and publisher) to reproduce the material. This permis-

sion must accompany the original manuscript at the time of

submission.

Abstracts < 250 Words:
Guidelines for Authors

For those who intend to publish in
a refereed journal

67the AAEP Convention
Nashville, TN

December 4–8, 2021

ALL papers must be submitted online by
March 15, 2021, 3:00 p.m. ET.

To encourage submission of the newest scientific informa-

tion for inclusion in the AAEP Annual Convention program

and simultaneously not jeopardize future publication of this

material in a refereed journal, the following criteria have

been developed for these submissions of Scientific Papers

that will be published in the AAEP Proceedings.

In such instances, the published abstract can be � 250

words. However, these “abbreviated abstracts” should follow

a structured format with the same subheadings (Take Home

Message, Introduction, Materials and Methods, Results and

Discussion) as the full-length scientific paper. Please be

aware that the Take Home Message is included in the total

word count. The abbreviated abstract does not need refer-

ences, but appropriate acknowledgments should be in-

cluded. Note that this abbreviated abstract format does not

apply to Review, How to, or In-depth Papers. A full paper

conforming to the General Instructions for Authors must

also be submitted to allow the reviewers to assess the exper-

imental design, materials and methods, statistical analyses,

results (with graphs, tables, charts, etc.) and a discussion of

the results as it pertains to interpretation and conclusions

(see specific guidelines below for full papers). The submit-

ting author must include a statement that only the short

abstract can be published in the AAEP Convention Proceed-

ings. It remains the author’s responsibility to preserve their

right to publish in a refereed journal by contacting the re-

spective journal to discuss their prior-publication criteria so

that an accepted abbreviated abstract will not jeopardize

publication in a refereed journal. These submitted abbrevi-
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ated abstracts should be identified with the words “RE-

SEARCH ABSTRACT” at the end of the title.

Guidelines for Full Papers
● 1500 words

● 12-point font

● 1” margins

● When submitting online, please put both papers in one

document; the 250-word abstract should be first, followed

by the full-length scientific paper.

A full paper must be included with all 250-word abstracts

in order for the abstract to be considered for the program.

Business of Practice Papers:
Guidelines for Authors
67th AAEP Convention

Nashville, TN
December 4–8, 2021

ALL papers must be submitted online by
March 15, 2021, 3:00 p.m. ET.

The general theme for the 2021 Business of Practice Sessions

is “Practice Transitions.” Several potential topics are listed

below, and practitioners with expertise or experience in these

areas are encouraged to submit papers to be considered for

presentation. Please keep in mind that all submissions must

follow the guidelines as outlined below and that accepted pa-

pers are allotted a total speaking time of 20 minutes (15 min-

utes presentation time � 5 minutes questions). The following

topic suggestions are intended to spark ideas that relate to the

Scientific Review & Editorial Committee (SERC) theme; how-

ever we also welcome paper submissions on any topic pertain-

ing to the Business of Practice.

Potential Topics:

● Valuation methodologies and strategies for improvement

● Practice exit strategies

● Personal financial planning

● DVM transitions into practice: How to best onboard and

incorporate for success

● Staff transitions: Career ladders, how to incorporate new

skills and roles for staff (technician to manager, practice

manager, etc.)

● How to leverage newly upgraded staff to increase doctor

efficiency & profitability

● Telehealth: Impacts on practice and how to incorporate

● Collaborative practice models: Strategies used by corpo-

rate practices & private equity groups

● How to transition practice offerings to specific market

segments (instead of broadly defined equine practice)

The AAEP Proceedings is protected by copyright and infor-

mation submitted and accepted becomes the property of

AAEP. However, requests for copies or reprints will be hon-

ored by AAEP only with the cooperative permission of the

presenting author, who by his or her presentation represents

all authors. AAEP reserves the right not to accept any sub-

mission without further recourse. All submissions should

strictly adhere to these Instructions for Authors.

Guidelines:
Failure to adhere to the following format will result in non-

acceptance. It is the author’s responsibility to convince the

SREC of the value of the submission, as well as to portray to

the reader the contents of the presentation. You may request

examples of previously accepted Business papers from

cross@aaep.org.

Headings may include (but are not limited to) the following:

1. Take Home Message (not required for “How to” papers.

See section at the end of this document for ‘How to” paper

guidelines).

2. Introduction

3. Solution

4. Results

5. Discussion

6. Acknowledgments

i. Declaration of Ethics

ii. Conflicts of Interest

7. References

Title:
The title should be 15 words or fewer, at the top and on the

first page.

Example:

Breaking the Silence: Disclosing Medical Errors

Take Home Message:
This should be a concise summary of the main conclusion

and should be no longer than two or three sentences (approx-

imately 50 words). “How to” papers do not require a take-

home message.

Example:

In circumstances where a medical error results in an

adverse outcome, a thoughtful response on the part of the

veterinarian, staff, and practice is required. This paper

will review communication techniques for constructively

responding to these difficult situations.

Introduction:
Significant published work should be acknowledged here. A

clear statement of the business challenge, or the objective or

purpose of the submission, should be included. The state-

ment of objectives is usually found in the last sentence of the

Introduction.

Solution:
A description of a single or multiple business solutions are

explained in detail.

Results:
Any results should be presented in this section. If the data

can be well represented with a table or figures, these are

encouraged.

Discussion:
Important findings documented in the solution or results of

the study should be stated. Solutions or results can be re-

lated to other work that has been done and how the results

differ. The practical take home message for the equine prac-

titioner should be clearly defined and stated in the summa-

rizing final statement. This statement may be longer, but

should be similar in content to the take home message at the

beginning of the paper.

Acknowledgments:
Acknowledgments should include financial and material

support for research and technical support for work per-

formed. Authors are expected to disclose the nature of any

financial interests (including ownership, employment, con-

sultancy arrangements, or service as an officer or board
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member) they have with companies that manufacture or sell

products that figure prominently in the submission or with

companies that manufacture or sell competing products.

Declaration of Ethics:
A Declaration of Ethics statement should be included

in the paper under the Acknowledgments section. Authors

must declare if they have adhered to the Principles of

Veterinary Medical Ethics of the AVMA (https://www.

avma.org/KB/Policies/Pages/Principles-of-Veterinary-Medi-

cal-Ethics-of-the-AVMA.aspx)

1. If your paper or presentation references the use of a com-

pounded pharmaceutical, please be certain that you are

familiar with the FDA guidelines on its use and that the

product you reference is in compliance. See section below

regarding papers using compounded medications or med-

ical devices.

2. All submissions should cite levels of evidence-based med-

icine.

You should plan to include any ethical considerations as part

of your oral presentation if your paper is accepted.

Conflicts of Interest:
Authors are expected to disclose the nature of any financial

interests they have with companies that manufacture or sell

products that figure prominently in the submission or with

companies that manufacture or sell competing products.

(This includes ownership, employment, consultancy ar-

rangements, or service as an officer or board member.) In

addition, if the author provides veterinary business consult-

ing services, or earns income through veterinary business

educational offerings, this should be disclosed. A Conflict of

Interest statement should be included in the paper under the

Acknowledgements section whether a conflict exists or not.

Example of COI Statement

Conflict of Interest: Dr. Jane Doe has served as a paid

technology analyst for the venture capitalists that initi-

ated the formation of Company ABC and served as a

member of the Board of Directors of Company ABC from

its inception until 2008. Company ABC is currently com-

mercializing the use of Product XYZ. Dr. Jane Doe has

also served as a paid consultant and continues to serve

on the Company ABC Advisory Board. Dr. John Doe has

no conflict of interest.

All authors are required to disclose any actual or potential

conflict of interest including any financial, personal, or other

relationships with other people or organizations within three

years of beginning the submitted work that could inappro-

priately influence, or be perceived to influence, their work.

At the point of submission, the AAEP policy requires that

authors must disclose and describe the nature of any actual

or potential financial and/or personal relationships they have

with companies that manufacture or sell products that figure

prominently in the submission or with companies that man-

ufacture or sell competing products. (This includes owner-

ship, employment, consultancy arrangements, or service as

an officer or board member.)

It is the Submitting author’s responsibility to ensure that

all authors adhere to this policy.

1. Any and all authors listed on the paper must disclose any

actual or potential conflicts of interest.

2. Any and all authors listed on the paper must disclose if no

conflict exists.

3. The nature of the conflict (actual or potential) needs to be

described.

References:
Submissions may include references. References to pub-

lished works should be limited to what is relevant and nec-

essary. Number references in the text with superscript

numbers consecutively in the order in which they are first

cited. Under references, list all authors when there are three

or fewer; list only the first three and add “et al.” when there

are four or more. The author is responsible for the formatting

and accuracy of all reference citations. Since readers fre-

quently depend upon the reference citations to guide them in

further reading, it is imperative that the citations are correct

so that libraries can locate the papers a reader may wish to

obtain. Reference examples can be found in the General In-

structions for Authors.

Footnotes:
References to personal communications and papers submit-

ted but not yet accepted for publication should also be

footnoted:

Figures:
● The resolution should be at least 300 dpi.

● Figures should be cited in the text in parentheses (Fig. 1)

consecutively in the order of which they are first men-

tioned.

● The figure itself should also be numbered to correspond to

the citation in the text.

● Figures must include captions, 40 words or fewer.

Tables:
Tables should be self-explanatory and should supplement

the text. Provide a concise, descriptive title for each table.

Permissions:
If you wish to use previously published material, including

text, photographs, or drawings, you must acknowledge

the original source and submit written permission from the

copyright holders (author and publisher) to reproduce the

material. Provide this permission when you submit your

original manuscript.

Deadline:
ALL papers must be submitted online by March 15,

2021, 3:00 p.m. E.T.; under no circumstances will submis-

sions received after the deadline be considered or reviewed.

ALL deadlines must be adhered to in order to have the pub-

lished Proceedings available at the meeting.

Review Process:
Papers will be reviewed, scored, and selected by the SREC.

Since the presentation ability of business speakers is cru-

cial, the review for these papers requires a two-step process:

1. Initial acceptance of the paper while the author is blinded.

2. The process becomes un-blinded before final selections

are made.

This two-step review process was implemented to protect

the association from selecting speakers whose presenta-

tions may have a strong commercial bend.

Blinding Guidelines:
● The title page and/or front matter of the blinded version of

a paper should contain no references to any author or to

his/her affiliation.

● Any acknowledgments that identify any authors should be

removed from the blinded version. Also, please delete any

notes that indicate affiliation, conference presentations,

author or departmental websites, etc.
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● Do not use author name or affiliation in the names of the

submitted files.

Scoring Criteria:
The subject matter is relevant to the business operations of

a veterinary business. How-to cases should be based upon

personal experience in a veterinary business. Papers de-

scribing a business process should be applicable to an

equine veterinary business and should be supported by ref-

erences from business publications.

Pre-Press Approval:
Authors will have final approval at the page proof stage.

Changes/updates may be made within one week of receiving

page proofs. Final grammatical changes will be the decision

of the editors. Substantial changes or removal of any data

will result in forfeiture of complimentary registration and

travel, and exclusion from the program.

Reimbursement:
Presenting authors will receive one complimentary registra-

tion and a reimbursement of $550 to help support travel.

Mentors for Authors:
Paper submissions by private practitioners and first-time

authors are highly encouraged. Please email Carey Ross

(cross@aaep.org) to request a list of members in various

areas of expertise who have agreed to volunteer their time to

mentor an author who needs guidance.

“How to” Paper Submissions for Business of

Practice Sessions:
“How to” papers are presented to describe and explain a

technique or procedure that relates to the business of prac-

tice. The goal of these papers is to give equine veterinarians

the information they need to critically evaluate the pros and

cons of the technique and implement it in their practice if

they choose.

“How to” papers should follow the same guidelines in this

document, except where otherwise noted below.

The Title should begin with “How to . . .” and clearly iden-

tify the technique or procedure that will be presented.

A “Take Home Message” is not required for “How to”

papers.

The Introduction should include why you use the tech-

nique. If there is a problem with the traditional methods or

the currently used method can be improved, this should be

explained.

The Materials and Methods section should explain exactly

how the technique is performed so that another veterinarian

familiar with the subject area could follow your example. You

may use a step-by-step method for the paper and the

presentation.

The Results section should include a summary of what

happens when you use this technique. You may use per-

sonal assertions or data to assert its value, but you must

explain how you determined that the technique works.

In the Discussion section, you can give your personal

views as to why you think the technique works. Discuss the

pros and cons of your approach. Explain how the technique

is helpful and why this should be important to your col-

leagues. The end of the discussion should contain a sum-

mary of the technique and its advantages in the take home

message. Case selection, case study number, and case follow

up should all be included.
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1. Introduction

Climate change and the resulting increased severity
of weather-related events remains a topic that is
still being vigorously debated at the national level.
Regardless of personal stance on this issue, there is
mounting evidence that weather conditions in the
United States appear to be trending toward weather
events of increased severity. One indicator of in-
creased severity of inclement weather patterns lies
in the number of incidents that become federally
declared disasters. The Robert T. Stafford Disaster
Relief and Emergency Assistance Act of 1953 autho-
rized the President to provide federal assistance to
jurisdictions impacted by disasters.2 The disaster
declaration process begins at the local level with
local disaster declarations being declared when the
incident overwhelms local response capabilities.
The next step occurs at the level of the state govern-
ment followed by a federal declaration when state
resources cannot meet the needs of the incidents and
when the costs of responding to an incident reaches
prespecified financial costs. An easy way to think
about this is considering the financial triggers for a
federal declaration as being similar to an individu-
al’s deductible that’s paid prior to their insurance

kicking in. In the case of a federal disaster decla-
ration, the deductible is the amount of uninsured
losses including the costs of response reaching a
population-based level. While there have been ad-
justments in policy during the time since the Staf-
ford Act was passed, there has been an increase
in the numbers of declarations that have occurred
(Fig. 1).

The discipline of Emergency Management has de-
veloped as a mechanism for jurisdictions to provide
for their citizens by mitigating risks, developing
emergency response plans, being involved in re-
sponse, and completing the recovery process when
disasters happen. Emergency managers follow an
all-hazards approach with “all-hazards” being de-
fined as extreme weather or natural events, man-
made events including terrorism, or failures of
industrial facilities and technological systems.
The vast majority of incidents are handled by local
first responders. These incidents are categorized
as low-risk/high-frequency incidents. High-risk/
low-frequency incidents are those that cause such
severe damage that first local and then state re-
sources are potentially unable to fulfill all response
requirements.4
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An additional way to separate disasters is by the
amount of prenotification that is provided prior to an
incident. Hurricanes typically provide ample warn-
ing allowing mitigative steps to be taken and response
plans to be coordinated prior to the incident occurring.
No-notice events provide little to no advance notice
and preclude pre-emptive mitigative steps. Exam-
ples include tornadoes, mudslides, explosions, and
other spontaneously occurring incidents.

Disaster scenarios, with the exception of biological
events, are in the authors’ opinion, by their very
nature, chaotic events with chaos often being at its
worst during the first 24 to 48 hours. This chaos
occurs for many reasons including loss of infrastruc-
ture, up-surge in physical threats, and influx of first
responders, media, and the self deployed. Hurri-
cane Harvey provides an excellent example of why
this chaos occurs. This hurricane acted differently
than expected during the immediate prelandfall pe-
riod. It was, at a point within 72 hours of landfall,
predicted to be not much more than a “rain event.”
This prediction did not trigger the normal evacua-
tion and preparation protocols. By the time the
hurricane intensified to a Category IV storm, evac-
uation of many coastal communities was not possi-
ble and many either had to make a hasty evacuation
or “ride out” the storm. The Texas A&M Veteri-
nary Emergency Team (VET) was deployed to
Nueces County, Texas pre-landfall and was posi-
tioned at the National Guard Armory just west of
Corpus Christi, Texas. Team members deployed
into the field shortly after landfall and were met
with numerous destroyed buildings, downed trees
and power lines, and a general loss of normal infra-
structure. Landfall had introduced a number of
risks including the potential for sudden collapse of
damaged buildings and trees, electrocution, torren-
tial rainfall and subsequent flooding, and potential
for toxic exposures in contaminated floodwaters.

It is important at this point to understand the
differences between the majority of the first-
response community and those focused on respond-
ing on behalf of animals. Firefighters, emergency
medical technicians (EMTs) and paramedics, and
law enforcement officers constitute what many typ-
ically think of as first responders. National stan-

dards for firefighters have been established by the
National Fire Protection Association and provide
guidance for a wide range of activities that may
occur across the different stages of emergency man-
agement.5 Law enforcement officers also work un-
der established standards, in the case of Texas,
regulated by the Texas Commission on Law Enforce-
ment.6 EMTs and paramedics operate under
similar codes and regulations. These first respond-
ers are in addition, employed by local and state
jurisdictions. They have a similar “language”, or-
ganizational structure, and standards of training for
working in hazardous environments. They, as well
as elected officials and other governmental employ-
ees, have legislated requirements for protecting
their citizens and property within their jurisdic-
tional areas.

The characteristics described above differ from
the general public and specifically from those in-
volved in animal-related industries. The majority
of veterinarians and veterinary technicians are en-
gaged in the performance of “small-business” oper-
ations or are employed by corporate veterinary
medical companies and are not gainfully employed
by governmental entities. This community is ex-
quisitely trained to perform preventive, medical,
and surgical interventions but most do not have the
training that is required for operating in a disaster
theater, nor are they able to be self sustaining when
normal infrastructures are compromised. These
characteristics combined with the risks and respon-
sibilities of government and the training of orga-
nized first responders often leads to problems during
the response phase of emergency management.
These problems often stem from animal-focused first
responders not understanding the approaches that
are employed by local jurisdictions to protect life,
health, and property of first responders and citizens,
the accountability that is required across layers of
government, and the inability to be self sustaining
in an infrastructure-poor environment.

National Incident Management System

The National Incident Management System (NIMS)
was established in the aftermath of the 2005 Hurri-
canes, Katrina and Rita. These storms demon-

Fig. 1. Average annual federal disaster declarations by decade.3
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strated the need for a comprehensive approach for
incident management that spans all levels of gov-
ernment. NIMS provides the framework that al-
lows all levels of government, the private sector, and
nongovernmental organizations to respond to a di-
saster in a cohesive and coordinated fashion without
usurping local control of incident response.7

A key component of NIMS is the Incident Com-
mand System (ICS). The ICS is a management
system used for managing disaster response. It is
organized into 5 functional areas including com-
mand, operations, planning, logistics, intelligence,
and finance, and administration.8 Understanding
ICS is a foundational concept that must be under-
stood and adhered to by all involved as first respond-
ers. It is also important to recognize that the
decision to respond to a disaster is not solely an
individual decision. Individuals do not have the
right to decide on their own that it is appropriate to
rush toward the scene of a disaster. The reason for
the decision not being up to the individual lies in the
chaos that is created by the disaster and jurisdic-
tional requirements to protect life, health, and prop-
erty with the safety of the first responder being the
highest priority. Self deployment puts the veteri-
narian in a position of legal risk given that the
statutory protections afforded to first responders do
not apply to the self-deployed and professional lia-
bility policies may not extend into the disaster the-
ater. Many jurisdictions require people to be
credentialed to participate in disaster response and
the absence of credentials may put the person at
legal risk. The self-deployed volunteer is also at a
disadvantage from the perspective of having access
to resources that may be necessary to support them-
selves and deliver veterinary medical care in the
incident. This often results in the self-deployed
volunteer becoming an additional problem for the
jurisdiction to deal with. An additional consider-
ation is that all jurisdictions should have animal-
focused emergency plans. A component of these
plans is a process for ensuring that animals are
reunited with their owners. There are numerous
anecdotal examples of self-deployed volunteers ei-
ther intentionally or as a result of a lack of aware-
ness of local plans, transporting animals out of the
area thereby excluding any potential for reuniting
with their owner.

The process for deploying a first responder or
team depends on the level of government under
which you are operating. In the case of a local
response, the order or request to deploy will come
from either the county judge, mayor, or their desig-
nee. The process for deploying a state-level asset
is more complicated and is described below. The
process depicted is based on the Texas model.
Other states will be similar but there may be
slight differences.

1. A request for assistance (ICS form 213) is
developed at the local level by emergency

services officers or office of emergency man-
agement. Note, in Texas this is a State of
Texas Assistance Request (STAR) form and
in other states the form may be designated
differently as well.

2. In Texas, the STAR is reviewed by the
District Disaster Committee to determine
whether regional resources capable of meet-
ing the need may be available.

3. If not, the STAR (ICS 213) is sent to the State
Emergency Operations Center where it is ei-
ther approved or not.

4. State-level teams only deploy under a state-
approved request (STAR).

Resource

The American Association of Equine Practitioners
(AAEP) and its charitable arm, The Foundation for
the Horse, can also serve as resources. A network
of people, following the above protocols, is impor-
tant; these two groups can help connect you with
like-minded, caring professionals in your area.
The Foundation may also be able to provide finan-
cial support during times of need, and its staff may
be able to assist with communicating your needs to
other practitioners, industry partners, and suppli-
ers, again, following the above protocols.

The Foundation for the Horse also invites AAEP-
member veterinarians in the United States and
Canada to join its State & Provincial Equine Emer-
gency & Disaster (SPEED) network. The SPEED
Veterinary Liaisons serve as disaster communica-
tion liaisons. A major goal of this network is to
facilitate communications regarding urgent needs,
longer-term needs, overall status, and where re-
sources will be most useful for the wellbeing of
horses, especially during times of disaster.

For more information about the SPEED net-
work or resources from The Foundation for the
Horse or AAEP, please contact Keith Kleine at
kkleine@aaep.org.

Participating in Organized Emergency Response

Veterinarians and veterinary technicians have sev-
eral mechanisms for getting involved in emergency
response including participating as an agent of the
jurisdiction in which they are responding, becoming
a member of a state-level team such as the Texas
A&M Veterinary Emergency Team, Oklahoma
Large Animal First Response Team, Florida SART,
or the Louisiana State Animal Response Team, or
becoming a volunteer with a nongovernmental orga-
nization such as the ASPCA, American Humane, or
Code 3.

Self-deployed volunteers were a significant com-
ponent of the 2017 Hurricane Harvey response.
They no doubt saved human and animal lives, but
there are significant disadvantages of being a self-
deployed volunteer. The self-deployed sector is typ-
ically fragmented and based on individual decisions
and standards. The level of training required is
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also an individual decision so people often go into
situations for which they are not prepared. The
self-deployed volunteer is also typically not able to
mount a self-sustainable response, nor are they fa-
miliar with a jurisdiction’s plans for managing the
animal component of response. The Texas A&M
VET responds with the equipment and supplies to
be a completely self-supporting veterinary medical
unit for up to 5 days and have developed the mech-
anisms of support that allow the team to be self
sufficient for extended periods. In the case of Hur-
ricane Harvey this was a 21-day deployment. The
self-deployed volunteer may also not be cognizant of
the risks they will face or the steps for mitigating
the risks they will encounter. The reality is that
any of these may present an additional problem for
an already-stressed community.

Participating as an agent of a local jurisdiction is
an additional way to assist as a first responder.
This approach is highly recommended and can be
accomplished through being written into a local ju-
risdiction’s emergency plan or via a Memorandum of
Understanding, Memorandum of Agreement, or an
emergency contract. These all provide a recognized
role and the ability to interact with and benefit from
the rest of the first-responder community. They
also provide a measure of liability protection. Lia-
bility protections will be discussed in a later session.
Memoranda of Understanding should be carefully
considered and all aspects of the agreement, includ-
ing reimbursement mechanisms and requirements
should be thoroughly reviewed.

State-level teams provide a mechanism for veter-
inarians and veterinary technicians to participate
as a first responder. The Texas A&M VET provides
the deployable veterinary medical resource in the
state of Texas. Veterinarians may join the team
through participating in the Texas Veterinary Med-
ical Reserve Corps (TVMRC). The TVMRC is rec-
ognized at the state and federal level and is a
component of the Medical Reserve Corps System
organized under the Department of Health and Hu-
man Services at the federal level. Monthly training
sessions and biannual exercise opportunities are
provided to ensure that members are prepared for
the rigors and risks associated with emergency re-
sponse. They are also supported through a re-
sponse and provided the tools with which to work
and the support necessary to meet daily first-re-
sponder needs. The disadvantage is that deploy-
ments may be lengthy with a 14-day deployment
being within the realm of possibility.

Training Requirements

The training requirements required of first respond-
ers is dependent on the type of response they will be
involved in. This can range broadly depending on
the assigned missions. The basic requirement that
all first responders must have is a basic understand-
ing and certification in the National Response
System, National Incident Management System

(NIMS), and the ICS. This training is available
online at https://training.fema.gov/nims/.9

The courses that are typically required include the
following:

● ICS-100: Introduction to the ICS
● ICS 200: ICS for Single Resources and Initial

Action Incidents
● IS-700: National Incident Management Sys-

tem, An Introduction
● IS800: National Response Framework, An

Introduction

Additional training may be necessary depending on
the functions associated with one’s participation in
emergency response.

Conclusion

Participating as a first responder can be immensely
rewarding on both a personal and professional level.
The authors strongly recommend that participating
in an organized fashion and recognize that there is a
level of structure and organization that will likely be
very different than what is experienced on a daily
basis. This structure and organization is designed
with safety as the highest priority, allows one to
respond under the broad umbrella that is emergency
response, and provides a level of accountability de-
signed to ensure that animals and their owners are
appropriately reunited.

2. Emergency Planning Structure

Emergency planning occurs across multiple layers
with individuals, businesses, and local, regional,
state, and federal levels of government all needing
emergency plans for their area of responsibility.
The focus of this presentation is involvement at the
local level, but a brief discussion of each of the levels
listed will be presented.

Individuals

Every family needs a plan that will allow the best
opportunity to protect the health and wellbeing of all
family members including their animals. Individ-
ual planning is also important for protecting the
economic health of families.

Business Emergency Plans

Practice planning is covered in a different section, but
all veterinary medical practices should develop emer-
gency plans focused on protecting the health and well-
being of staff, clients, protecting financial investments
made in the practice, and allowing continuity of oper-
ations in the face of an emergency or disaster.

Local Jurisdictions

All emergencies begin and end locally. This simple
statement implies a tremendous responsibility for lo-
cal jurisdictions, elected officials, and employees.
The planning effort is housed in the Office of Emer-
gency Management. These offices can range from a
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part-time employee, an employee with additional du-
ties, to a multi-person unit depending on the size of the
jurisdiction. Animal-focused plans that are needed in
all jurisdictions include emergency animal evacuation,
rescue, veterinary medical support, mortuary manage-
ment, and sheltering plans. Many emergency man-
agers do not have animal-specific knowledge and may
be unaware of many of the nuances that must be
considered when planning for owners. They may also
be unaware of the implications of the human-animal
bond and the financial and cultural significance of
agricultural species. The diversity of thought re-
quired to achieve the best plan requires a diverse au-
dience of planning participants including veterinary
medical professionals, extension agents, animal con-
trol officers, animal sheltering and welfare organiza-
tions, and representatives from agricultural entities.

Regional

Counties may elect to join and develop regional
emergency plans. This may be performed when
two counties agree to support each other and involve
multiple counties organized into Councils of Govern-
ments. Regional planning allows resources to be
pooled to support larger-scale responses.

State

The responsibility for planning for animals at the
state level is typically ceded to Departments of Ag-
riculture or Animal Health Regulatory Agencies.
The Texas Animal Health Commission is the lead
agency in Texas and is responsible for leading plan-
ning efforts for both household pets and livestock.

Federal

The Federal Emergency Management Agency
(FEMA) in the Department of Homeland Security is
the lead entity at the federal level. FEMA has del-
egated part of this responsibility to the United
States Department of Agriculture in the case of in-
fectious diseases in agriculturally important species
and Department of Health and Human Service in
the case of veterinary medical support. The Na-
tional Guard also serves as a significant federal re-
source and has historically received mission
assignments supporting animals.

Types of Emergency Plans

The two types of plans important to this discussion
are operational and tactical plans.

● Operational plans link strategic or high-level
goals with tactical plans. Protecting animal
health and welfare is an example of a stra-
tegic goal. Operational plans define the mis-
sions, objectives, and responsibilities of what the
plan is to accomplish and who will be responsible
for accomplishing each component. “Who” is of-
ten defined as a department or agency rather
than an individual. Operational plans should
address animal evacuation, rescue, shelter, vet-

erinary medical support, and carcass disposal or
mortuary management.

● Tactical plans are focused on how missions will
be accomplished and how operations will be
performed. Tactical planning is critically im-
portant to the animal-focused areas of emer-
gency planning given the diversity of the
stakeholders and the fact that few of these
stakeholders are directly involved as first
responders on a daily basis. Tactical plans
should detail the approaches to be used for
animal evacuation, rescue, shelter, veterinary
medical support, and carcass disposal or mor-
tuary management. Tactical plans for a spe-
cific function should be developed prior to an
incident and then reviewed and adjusted as
daily mission requirements evolve.

Emergency Planning Process

A complete discussion of the planning process is be-
yond the scope of what can be provided in this presen-
tation and proceedings. The following should be
considered an overview discussion. The following
points of consideration should be addressed regardless
of which tactical plan is being developed.

Hazards and Risks

Identify the risks and hazards that have the po-
tential to result in the need for emergency opera-
tions. This analysis should be broad and include
natural disasters, including infectious diseases
manmade or incited, incidents, and transportation
accidents. It can be helpful to categorize the haz-
ard by likelihood and consequence.

Animal Populations

Identify the approximate number of each species.
The American Veterinary Medical Association
(AVMA) Pet Calculator provides an estimate of pet
populations based on the human population.4 It is
important to note that the AVMA Pet Calculator pro-
vides estimates for the horse population as well.
The estimate that is provided is based on national
averages and may need to be adjusted for regions
where horse ownership is more prevalent. It is im-
portant to note that agricultural animals can be very
difficult to evacuate out of harm’s way and also present
unique challenges during the response scenario.

Available Resources

A key part of the planning process is identifying
resources that will or may be available for emer-
gency response purposes. Resource categories to
consider include the following:

● Human resources: The diverse groups that
are necessary have been previously dis-
cussed. The important consideration is to in-
clude them in the planning process. Consider
including personnel from the fire department
when working on a tactical animal rescue plan.
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● Facilities: Most areas of animal-focused
emergency response require some type of facil-
ity. Many communities plan on using their
existing animal shelters. The issue with this
approach is that these typically are near ca-
pacity and cannot accommodate the needs
created by a large-scale emergency or disaster.
It is appropriate to consider using non-purpose
designed structures. The most commonly en-
countered by the authors’ team is live-
stock show facilities. These can be used to
safely and humanely shelter large and small
animals if appropriate biosafety and animal
containment measures are factored into the
plan. It is not typically recommended
that veterinary practices be used as juris-
dictional resources. The reasoning is that
most communities cannot reimburse for associ-
ated expenses and use of the practice represents
a significant financial burden for the practice
owner. It also places the practice in a situation
where they are basically providing for some an-
imals at no cost while charging for those whose
owners are present.

● Tools of the trade: The analogy the authors’
most often used when discussing this area is
that a fireman would not be sent to an apart-
ment fire armed only with a garden hose. The
same concept applies to animal focused emer-
gency plans. Animal professionals, particu-
larly veterinary medical professionals, are
highly trained. They will be most effective
when they have the tools of their trade.

Operational Approach

Think of this section as a cookbook. Define the A to
Z steps for performing whatever function being
planned.

Veterinary Medical Professional’s Role

Animal-focused emergency plans require the input
of people with knowledge of animal behavior, dis-
ease prevention, animal welfare, nutrition, and
veterinary medicine. The veterinary medical pro-
fessional is the one professional area that has a
broad knowledge of all these topics. Knowledge is
sorely needed, and investment of time and effort will
yield a more effective response. The place to start
is introducing yourself at the Office of Emergency
Management. Most emergency managers are
highly compassionate, skilled, and dedicated to serv-
ing people in the community.

Planning Resources

The planning process can be a daunting challenge.
There are numerous resources that are available.
One is the planning program available under the
Texas A&M VET. Instructor-student teams that
will travel to your community and assist in the plan-
ning process will be provided. These teams typi-
cally do most of the writing process and can typically

bring a plan to 90% completion within a 2-week
period. This service is available at no cost. Email
Wesley Bissett at wbissett@cvm.tamu.edu if you are
interested. The Texas A&M VET also have plan-
ning templates that you can access on the Texas
A&M VET Web site.17 Additional resources are
available from animal health agencies.18

3. Injuries and Illnesses Commonly Encountered in

Disaster Response

Introduction

Disasters invariably impact animals in some man-
ner. They may be displaced, injured, highly
stressed, or have chronic or undetected diseases
worsen due to the stress of the situation or the
inability of the owner to provide necessary medica-
tions. The types of injuries, illnesses, and goals of
treatment vary with type of incident and the phase
of emergency response operations. The following
discussion is based on the experiences of the Texas
A&M Veterinary Emergency Team across multiple
deployments and tactical planning missions. The
phases of emergency response that will be discussed
in this presentation include evacuation, rescue, vet-
erinary medical operations, and emergency shelter-
ing. The perspective of the presentation is from the
view of veterinary medical professionals responding
on behalf of a local jurisdiction.

Evacuation

Pre-Incident Evacuation

Evacuation of animals can be separated into two
distinct timeframes; pre-incident and post-incident.
Hurricanes provide the best example of a pre-
incident evacuation. Weather forecasting provides
forward-leaning information and the ability to move
nonagricultural animals from an impact area to one
that is anticipated to be minimally impacted or not
impacted at all. Human evacuees can also be
separated into two distinct populations; the self
evacuees and functional- and access-needs citizens.
Jurisdictions have a statutory requirement for pro-
viding for evacuation of household pets belonging to
functional- and access-needs citizens. The lay-
man’s description of a functional- or access-needs
citizen is someone who will need assistance from a
governmental entity to evacuate. There are many
reasons a person may fall into the category of a
functional- or access-needs citizen. These include
health, economic, and self-mobility status. These
scenarios may also indicate at least the potential for
difficulties in accessing veterinary medical care for
pets that will be evacuated. Animals may also be
subdivided into two groups; household pets and live-
stock. FEMA defines household pets as “A domes-
ticated animal, such as a dog, bird, rabbit, rodent, or
turtle that is traditionally kept in the home for plea-
sure rather than for commercial purposes, can travel
in commercial carriers and be housed in temporary
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facilities. Household pets do not include reptiles
(except turtles), amphibians, fish, insects/arachnids,
farm animals (including horses), and animals kept
for racing purposes.”19 Livestock are defined in the
Texas Agriculture Code as “Livestock means cattle,
horses, mules, asses, sheep, goats, llamas, alpacas,
exotic livestock, including elk and elk hybrids, and
hogs, unless otherwise defined.”20 These are impor-
tant distinctions given that it creates two classes of
animals, one being household pets for which support
is required statutorily and associated costs associ-
ated with this support is reimbursable during fed-
erally declared events and the second is livestock for
which support under the Stafford Act will likely be
limited to indirect response efforts. The United
States Department of Agriculture will usually pro-
vide support through the USDA Livestock Indem-
nity Program.

The discussion means that veterinary medical
support performed on behalf of a jurisdiction will be
limited to household pets belonging to functional
and access needs citizens during the evacuation
phase. The goals of this veterinary medical sup-
port will likely be as follows:

● Identify household pets that are not healthy
enough to withstand the rigors of evacua-
tion. Animals that are not healthy enough to
undergo evacuation create a second issue for
jurisdictions in that there should be a plan for
what will happen with these animals.

● Categorize animals’ risk status. The Texas
A&M VET recommends segregating animals
into three categories.
—Low-risk: The animal is healthy and does
not represent a risk for other animals being
evacuated, to human evacuees, or to the per-
sonnel performing the evacuation.
—High-risk: The animal either due to a dis-
ease or behavioral condition represents a
health threat to first responders and other an-
imals and people being evacuated.
—At-risk: The animal is considered to be an
elevated risk for contracting diseases from oth-
ers. This may be the result of age or medical
conditions.

● Stabilizing animals being evacuated. This
may involve treating a medical condition or
pharmaceutically manipulating an animal’s
behavior.

● Performing external parasite control. This is
performed to protect people, animals, equip-
ment, and facilities.

Medical conditions that may be encountered during
this phase of response are the same as what would
be expected to be presented at a typical veterinary
medical practice. There is an increased likelihood
for injuries associated with conflicts between ani-
mals particularly if a jurisdiction does not have a
good plan for segregating animals. If a person is

bitten, the same rules regarding potential
rabies exposures apply. These rules are not
waved because of the disaster setting. This
applies across all phases of emergency re-
sponse. Providing treatment for external para-
sites will be helpful in limiting issues with the
parasites establishing infections on other animals
being evacuated or “setting up house” in vehicles
used to transport animals to a receiving shelter.

Post-Incident Evacuation

Post-incident evacuation is defined as the evacua-
tion of animals after the incident occurs and prior to
a direct impact on the animals. Chemical plant
explosions and transportation accidents provide one
of the best examples of this type of evacuation.
The issues discussed under pre-incident evacuation
applies to this period as well. The differences be-
tween the two time frames are as follows:

● All species may be evacuated.
● Animals belonging to citizens other than the

functional and access needs population may be
supported.

● Evacuation will likely be hasty.
● The need for animal decontamination must be

considered.

The goals of post-incident evacuation are the same
as discussed above as are the conditions that can be
expected. If evacuation is performed because of an
explosion or other such event, behavioral changes,
traumatic injuries, and ear injuries may be seen.

Rescue

Animal rescue operations may involve any species
and the decision to intervene on an animal’s behalf
will be made by the jurisdiction and first responders
that are on scene. A key point is understanding
that the safety of first responders is always the
highest priority. The goals of veterinary medical
support during the rescue phase are as follows:

● Determine whether a rescue or recovery is ap-
propriate.
—A rescue is appropriate if the animal’s con-
dition is survivable given the support that can
be provided in a disaster setting.
—A recovery is appropriate when the animal’s
condition is not survivable given the support
that can be provided in a disaster set-
ting. Humane euthanasia is appropriate in
these cases.

● Stabilize the patient prior to rescue and pro-
vide necessary care immediately after.

● Pharmaceutically intervene if necessary to
protect the health and life safety of the animal
and first responders.

● Provide animal-specific safety instructions to
first responders.
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● Ensure that rescue techniques do not create
additional injury.

Medical conditions that may be encountered during
the rescue phase are typically traumatic injuries
such as abrasions, lacerations, fractures, burns, and
chemical exposures. The Texas A&M VET has also
found that dehydration is a common finding. This
can occur even if the rescue is being performed in
floodwaters. Animals will often not drink contam-
inated waters associated with flood conditions.
It is important to recognize that definitive resolution
of the injury or illness will not be performed during
rescue operations. The goal is to stabilize the pa-
tient to the point that it can be safely rescued with-
out making injuries and illnesses worse.

Veterinary Medical Operations

Veterinary medical operations is considered to be
the phase of emergency response where animals are
being presented to the veterinary medical team.
There are several different characteristics that are
different than normal practice experiences that are
worthy of consideration.

● Most animals that are received will present
without owners. They may be delivered by
animal control officers, rescue groups, and
good Samaritans. This means that the ani-
mals will not have normal historical findings
and owner wishes into the decision-making
process cannot be factored in. It is impor-
tant that the location from which the an-
imal was rescued is documented. This is
a key piece of information that is necessary for
the animal-owner reunion process.

● Many animals may be relatively normal with
only minor or pre-existing conditions.

● Euthanasia decisions may need to be made in
the absence of the owner. If responding as an
officially recognized component of the re-
sponse, presented animals will be considered
as “wards of the jurisdiction.” Establish the
jurisdiction’s expectations on these types of
counties. The Texas A&M VET has been in a
range of situations from limiting treatment to
triage and stabilization where serious condi-
tions are not treated to those where the juris-
diction wishes to do everything possible up
through surgeries in order to save ani-
mals. The position of the VET is that animal
welfare ultimately drives the decision-making
process. If a jurisdiction does not wish to pur-
sue extraordinary measures, the goal becomes
keeping the animal comfortable until other op-
tions are identified. In cases where it is not
humane to continue, and an owner is not avail-
able to provide consent for euthanasia or has
not been identified, concurrence of two veteri-
narians is required before an animal will be
euthanized.

The types of injuries that the authors have experi-
enced during the deployments of the VET have var-
ied with the type of disaster being responded to.
A full discussion is beyond the scope of what can be
provided in these proceedings so an overview is
provided.

High-Wind Events

High-wind events such as hurricanes and tornadoes
result in injuries that would be anticipated with
high-velocity airborne debris impacting animals.
Lacerations, puncture wounds, abrasions, soft-
tissue injuries, and fractures are routinely encoun-
tered. Ophthalmic injuries are common and ear
canals may be packed with debris.

Wildfires

Burns are the most common feature of this type of
response. It is important to thoroughly evaluate
hooves, paws, and udders as severe burns of these
structures may result in chronic pain and lack of
production. This is particularly important in live-
stock. Respiratory disease is a common finding as
well with conditions typically increasing in severity
over several days. Veterans of multiple wildfire de-
ployments will often recommend salvaging by
slaughter livestock that present immediately after
the wildfire if mild lameness or respiratory disease
is noted. The reasoning is that these conditions
typically become much worse over 3 to 4 days.
Dehydration is, as with most types of disaster, a
common finding.

Floods

Responding to floods has been the most common
reason for deployment of the Texas A&M VET.
The VET has encountered numerous animals with
submersion injuries. Most of these have been live-
stock. The authors’ opinion is that more submer-
sion injuries in large animals than small animals
because small animals are seen will either reach a
structure of some sort that will allow them to get out
of the water or unfortunately drown. Submersion
injuries may develop with less than 24 hours of
exposure. The authors’ opinion is that this occurs
as a result of high bacterial and viral loads in flood-
waters, velocity of flood waters, and increased sed-
iment rates. Thoughts are that these combine to
result in rapid damage of the epidermis. Sub-
mersion injuries are characterized by pitting
edema and devitalization of the skin. These can
be exceptionally challenging to treat given that
these animals are very painful and susceptible to
secondary infections. The VET has also encoun-
tered respiratory disease as a common secondary
illness as well. Working with animals that are
rescued from floodwaters comes with a significant
risk to first responders. Animals should be de-
contaminated and personnel should wear personal
protective equipment.
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Gastrointestinal disease is also a common finding
in flood impacted waters. Floodwaters are, as
noted earlier, very contaminated. Bacterial and vi-
ral loads are typically elevated and waters often also
contain a variety of toxic substances.

Explosions

Explosions result in similar issues as noted in high-
velocity wind events. Additional issues that have
been commonly encountered are ruptured ear-
drums. Pain management is a critical feature in
successfully dealing with these cases.

Emergency Animal Sheltering

The conditions encountered while providing veteri-
nary medical support for emergency animal shelter-
ing operations are very similar to what is typically
found in practice. There will be animals with
chronic diseases and conditions that must be man-
aged. Animals may decompensate due to the stress
of being in an unusual environment. Stress-
induced diarrheas are also a common finding. It is
important to establish biosecurity measures to limit
the spread of disease to other animals and people.

Conclusion

Serving as a first responder is the most profession-
ally rewarding aspect of one author’s (W.B.) 21-year
career. It can be difficult and dangerous. It is
exhausting. The key to responding well is to do so
according to a tactical plan that has been developed
with the risks and animal populations that are in
your area in mind.

4. Decontamination, Triage, Field Euthanasia

Decisions, and Other Important Veterinary Roles

in the Disaster Environment

Decontamination (Decon)

Natural disasters and emergencies are an all too
frequent increasing reality of daily life. Disaster
situations often result in the intentional or uninten-
tional release of hazardous materials into the envi-
ronment. The Agency of Toxic Substances and
Disease Registry estimates that in 2012 more than
15,000 chemical incidents occurred in the United
States.2 In addition to industrial accidents, disas-
ters such as the World Trade Center terrorist at-
tack, Hurricanes Katrina, Maria, Harvey, Michael,
Florence, and Dorian, and the multiple wildfire
events in the Western United States have all re-
sulted in the release of hazardous materials into the
environment. In addition to the debris left behind,
destruction of buildings in any disaster can result in
the release of asbestos, polycyclic aromatic hydro-
carbons, metal compounds, dioxins, and volatile or-
ganic compounds liberated in the wreckage. The
flooding associated with the multiple major hurri-
canes of recent years has led to the mixture of haz-
ardous materials from damaged chemical plants,
petroleum refining facilities, and commercial estab-

lishments into the environment, not to mention just
the waste present from sewers and waste water
facilities that is released/mingled into the floodwa-
ter. In each of these situations, the introduction of
hazardous materials into areas that were occupied
by survivors, S&R teams, and resident animals cre-
ated a significant risk to human and animal health.

Animals (both companion and large animals) that
are impacted by disasters are frequently exposed to
these hazardous materials. In some cases, the con-
taminants are primarily external (e.g., as is the
situation where horses are rescued from a contami-
nated environment where they have been standing
in flood water). However, internal decontamina-
tion is also a very real concern for all animals res-
cued from a disaster environment as internalization
of contaminates, from drinking contaminated water
or eating contaminated foodstuffs, or through ab-
sorption or inhalation of hazardous substances (e.g.,
from smoke or chemical releases). Regardless of
type, the presence of contaminants may result in
potential serious or life threatening health compli-
cations. To mitigate the exposure and potential
health consequences from contaminant exposure,
decontamination (particularly external) is a critical
step in disaster response activities on behalf of ani-
mals. This is also essential to the health and
safety of humans who will be handling and caring
for them, and for the prevention of contamination
of their shelter and future home environments.
It is important to identify the types of contami-
nants that may be involved. Hazardous Material
specialists tasked to the deployment are excellent
sources for guidance on decontamination ap-
proaches and requirements for personal protective
equipment requirements. An additional resource
is WebWiser�. WebWiser is a web-based program
provided by the National Library of Medicine and
is an excellent tool for identifying and finding out
more information on chemical contaminants. It is
available at https://webwiser.nlm.nih.gov/.

Decontamination is the process of removing con-
taminants from people, animals, equipment, struc-
tures, and the environment (Kumar et al, 2010).
Decontamination protocols are devised to eliminate
exposures to hazardous materials and reduce the
spread of contamination. While decontamination
is utilized to reduce human and animal exposure to
surface (skin/coat) contaminants, there are many
challenges associated including efficacy, safety, and
methods of decontamination. There are anecdotal
protocols that are designed for veterinary clinics and
disaster situations based on a single contaminant
incident. In current literature, animal decontami-
nation protocols are based on the basic principles of
leading animals through multiple stations that in-
volve the removal of contaminated articles (collars,
halters, other removable wearables), washing and
rinsing the animal, and finally drying and perform-
ing a veterinary evaluation. These decontamina-
tion practices are the recommended practice for both
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large- and small-animal incidents for a vast range of
chemical, biological, and radioactive exposures.

Decontamination procedures use both gross de-
contamination and technical decontamination tech-
niques. It is important to recognize that harmful
effects of some contaminants is exacerbated by wa-
ter and dry contamination is required. When a wet
decontamination is appropriate, gross decontamina-
tion removes the majority of surface contamination
by using large amounts of water to rinse off loose
particles from the animal’s coat. This stage ac-
counts for the bulk removal of the contamination.
Technical decontamination is a multi-step process
that encompasses a detailed removal of the hazard-
ous material from all external aspects of the ani-
mal’s body. Methods utilized include “brushing,
vacuuming, and washing, to eliminate the contami-
nant from the animal;” however, in reality, washing
remains the primary method by which materials are
removed. In short, technical decontamination is an
extensive process and may require repeating steps
to ensure the complete removal of the hazardous
materials or toxic agents. Historically, liquid dish
soap has been the agent of choice for external tech-
nical decontamination. The physical properties
found in liquid dish soap allow for binding and emul-
sification of particles and particularly oily sub-
stances that may bind or attach to the oils of the
skin and hair follicles (Heyer, 2011). Other agents
such as hypochlorite solutions and chlorhexidine so-
lutions have been utilized for biological decontami-
nation, but have the drawback of time dependency
and inactivation. Hypochlorite solution typically
requires 15 minutes and chlorhexidine requires 6
minutes of contact time with the skin to effectively
denature biological agents (Heyer, 2011).

In addition, to the selection of soaps and setting
up procedures for individual decontamination of
horses rescued from a disaster environment, there is
a critical need to consider the protection of the per-
sonnel performing the decon (personal protective
equipment), protection of the environment from the
contaminants (collection of waste water—itself a po-
tentially massive volume), and need for a potentially
very large number of personnel needed to complete
the decon process (given a maximum time in per-
sonal protective equipment of 20 to 30 minutes in
temperatures greater than 75°F, and a minimum of
3 personnel needed for each horse (1 person for
restraint and 2 for washing, lathering, and rinsing).
Finally, while data on water usage and time for
decon procedures in horses is lacking, if one extrap-
olates from canine data, it will likely require more
than 15 to 20 gal/horse and a minimum of 20 to 25
minutes per horse, thus making decontamination of
a large number of horses in a disaster event ex-
tremely time consuming, personnel intensive, and
require a large volume of fresh water (at least pota-
ble), which may be at a premium in a disaster.
These data are not given to overwhelm, and it is
recognized that veterinarians should not be the

source of manpower for these procedures, but veter-
inarian oversight is critical, and the potential need
for pharmaceutical restraint for those horses that
are unruly or fearful, is a significant reality.

Triage in a Disaster Environment

Providing veterinary medical care during emer-
gency or disaster situations is very different than
the typical practice day for the following reasons:

● The number of injured or ill animals being
brought to the veterinary medical facility may
be much greater than the typical daily
caseload.

● Animals will likely be presented by a rescuer
rather than their owner.

● The owner may be unavailable to participate
in decision making.

● The ownership status of the animal may often
be unknown.

● Your facility may not be available or may be
operating without the normal resources
(power, water, ability to resupply, personnel
shortages).

● Evacuation of animals to veterinary medical
facilities capable of providing definitive care
may be unavailable for many days or longer.

● Resources such as pharmaceuticals, supplies,
and animal food may be scarce and difficult to
replenish.

The issues identified above require that ground
rules be set. In order to prevent a misunderstand-
ing the veterinarians involved in the local animal
disaster group (e.g., CART, VMRC, or other local
group) need to know what the resources and expec-
tations are for dealing with animal issues. For ex-
ample, when the Texas A&M VET deploys into an
area, county officials are asked how aggressive they
want the veterinarians to be in providing veterinary
medical care, develop the animal evacuation chain,
and discuss with shelter partners the types and
numbers of injuries they are prepared to provide
continued care for. It has been the authors’ expe-
rience that county officials understand the impor-
tant role that animals play in their constituent’s
lives and that sheltering partners are prepared to
provide substantial continued veterinary medical
care. However, each disaster and local resources
are different, requiring clear lines of communication
and expectations that are set early.

It is also important to set the triage rules early in
the deployment. Triage means literally “to sort”
and is a critical process in the management of ani-
mals impacted by a disaster. An excellent discus-
sion of triage is provided in “Veterinary Disaster
Response” and is considered required reading for
veterinarians and veterinary technicians wishing to
participate in emergency response (Wingfield, 2009).
The authors’ team uses a slightly different system
that is divided into field triage and veterinary med-
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ical triage, and providing veterinary medical triage
for injured or ill animals (whether they are large or
small animals) is the focus.

In most circumstances, field triage will be pro-
vided by first responders deployed to the emergency
or disaster—this may include law enforcement or
animal control officers, but it also can consist of
other search and rescue organizations or humane
groups. This mix of professional responders results
in a wide variation in accuracy of field triage cate-
gorization especially early in deployments. The
system that the authors employ and recommend in
field triage is very similar to that provided in Vet-
erinary Disaster Response (Table 1).

5. Field Triage

The system that the Texas A&M VET has used is
based on partnerships and the ability of the first
responders to rescue animals requiring veterinary
medical care or, in cases where first responders pri-
mary mission or animal temperament preclude res-
cue, reporting animal locations to animal control
officers so that they can make the rescue. This
system has generally worked very well, but, if res-
cues are made, it is critical that accurate rescue
location be provided either in the form of a physical
address, GPS coordinates, or both so that the animal
has a greater chance of being reunited with its own-
ers. In addition, it is imperative that the veteri-
nary medical strike team recognizes the need for a
short-term, finite response time and capacity so that
the resources provided by local veterinarians do not
impose an undue burden of time or expense on those
businesses. In general, for planning and recovery
purposes, the local animal response group (these
groups are typically a combination of veterinarians,
technicians, animal caretakers and others with an-
imal handling experience) should only make plans
for veterinary medical operations to last 48 to 72
hours. Local veterinary medical operations that
exceed this time frame should trigger a discussion of
the need for requests for additional assistance for
the county, either in the form of requests for state
veterinary medical assistance (e.g., other state-
sponsored teams) or for 501c3 nonprofit agencies
with animal issues/veterinary expertise.

6. Veterinary Medical Triage and Euthanasia

For most veterinarians and veterinary technicians,
this aspect of emergency response is instinctive and
natural—particularly for those who have worked in
clinical practice and handled emergencies. How-
ever, while a practice may be well equipped and able
to provide a high level of veterinary care to animals
in a disaster, there are limits to what can be pro-
vided in a disaster setting that must be understood.
These are limits in personnel, limits in resources
(particularly drugs or other more expensive items),
limits in time that can be devoted to an individual
animal’s plight, and limits in space (or ability to
house, treat, or provide hospital care) for animals—
each of these limits may require a triage decision
that may not necessarily be considered ideal, but is
essential for the greater good. For example, ani-
mals with severe lacerations that may be handled
with wound management, antibiotics, and pain
meds, can be successfully managed versus those
that require an extensive surgical manipulation to
repair. All members of the team must be able to
discuss these decisions, and when disagreement is
present, it is reasonable to have a hearing of all
opinions, but ultimately, a final decision (triage)
must be given. In all cases where euthanasia is
recommended, a second confirmatory opinion must
be agreed to—both for the health of the team and its
cohesiveness, but also for the best interests of the
animal’s welfare, and the owner who may someday
ask what happened. All euthanasia decisions and
methods follow the AVMA Euthanasia Guidelines
for euthanasia decision making as well as for meth-
ods. The latest version of the 2020 Euthanasia
guidelines are currently available and are a key
resource to keep close at hand: both for euthanasia
decision making in a disaster setting for appropriate
methods, but also for essential processes in situa-
tions where no owner is present.

There are several important aspects of medical
triage, but key among them are good observation
skills, excellent physical exam skills, and an ability
to think and work quickly in an austere environ-
ment. The key to veterinary triage working well in
a disaster setting is having cohesive, well-function-
ing teams. Strike teams of four or five individu-
als—typically a veterinarian, 1 to 2 technicians, and
1 to 2 assistants (often lay persons)—these teams
are critical to a triage unit, as the veterinarian can
move quickly from one animal to another, while
technicians are able to perform necessary treatment
tasks and assistants are available to restrain, record
information in the medical record, or assist in other
ways as needed. In a disaster, in order for the
responding veterinary unit to be reimbursed for
their supplies, drugs, and medical treatment given,
there must be an excellent record of everything
used. These records are as essential to the triage
process as the act itself, as they will be necessary not
only for helping to connect the animal back to its

Table 1. Field Triage

Triage Category

Triage

Color Description

Immediate Red Immediate intervention required

to preserve life or euthanasia

is required

Delayed Green Likely to survive with or

without intervention—may

shelter in place

Carcass disposal Black Dead animals present
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owner, but are absolutely essential for reimburse-
ment process or in the situation of a euthanasia
decision that must be made in the absence of owner
consent.

7. Human Critical Incident Stress (HCIS)

What is critical incident stress? It is any event
outside the usual realm of human experience that is
markedly distressing and exceeds normal coping
mechanisms. But, importantly, it is the individual
that defines what “their” critical incident or event is.
An incident that one may be able to easily cope with
may noticeably affect another individual. All re-
sponders are exposed to critical incidents or stres-
sors during deployments or while responding to
disasters, so it is important to recognize and develop
team and individual support systems and coping
mechanisms for any and all people involved in di-
saster response. This is a key reason for team
based response, as individuals who are self-deployed
volunteers or those who do not have a team of people
around them can be particularly vulnerable or have
no support structures around them.

Critical incidents can range from any serious in-
jury, death, or illness seen by a responder, whether
it is someone they know or not, but it is absolutely
not necessary that situation be personal—being in-
volved in terrorism, responding to incidents with
many affected animals or people, or both, and situ-
ations where there is a personal connection (loca-
tion, situation involving people of similar ages or
with children, responding when personally impacted
by the event, etc). The bottom line is this: any
event can trigger an emotional or stress response,
even when prepared for it.

There are many types of symptoms such as phys-
ical, cognitive, behavioral, and emotional that can
vary widely in severity from mild to extreme debil-
itation or dysfunction. The most common cognitive
symptoms are nightmares, poor attention or prob-
lem solving/concentration, intrusive images, but any
new or unusual symptoms may occur. Emotional
and behavioral symptoms can range from fear, guilt,
and grief to irritability, anger, depression or emo-
tional outbursts—to withdrawal, inability to rest,
increased use of alcohol or changes in social behav-
ior—and each of these may occur immediately after
the event to weeks or months later. The key is to
understand and recognize that these are NORMAL
people having NORMAL responses to a very AB-
NORMAL situation. It is also important to recog-
nize that HCIS is NOT: 1) for those who “can’t take
it”, 2) a sign of weakness, 3) counseling or psycho-
therapy, or 4) a critique of the response to the event.
The approach to management of HCIS is education
in awareness of this type of stress response, the
importance of debriefing after an event, understand-
ing how to defuse the feelings and where to find the
support needed, such as friends, clergy, fellow re-
sponders, family, and professional CISM personnel.
Defusing and debriefing through the use of peer

counselors and mental health specialists, people
who understand this work and what the veterinar-
ian is experiencing, in any response are a key first
step in the transition from being a first responder in
action and returning to normal activities. This is
particularly important for those who don’t respond
daily or weekly, such as veterinarians who leave
their practice life to respond to a disaster on an
occasional basis. Without exception, debriefing
and defusing should only include those directly in-
volved in the incident, are confidential, are safe (peo-
ple who responders trust) and nonjudgmental.
Defusing, which occurs immediately post event (12
to 24 hours) allows for symptom mitigation and de-
briefing, which occurs 24 hours to 4 weeks post event
to facilitate psychologic closure, mitigation, and
identification of those needing intervention follow-
ing an event are the bandages that stop the psyche
from bleeding. They are emotional first aid after a
traumatic event or sequence of events. The process
is designed to provide opportunities to vent the
trauma and learn ways to cope, while also providing
follow-up and help if needed.

Self care is a very important part of developing
skills to help survive critical incidents and the stress
they bring. It is crucial to keep work, play, and
stress balanced and in control. It is also important
to be aware of HCIS symptoms. Other helpful keys
are to maintain good nutrition and schedules, in-
cluding exercising regularly and getting rest. One
of the most important things to remember is that it
is each person’s responsibility to themselves, their
family, and the people and animals that are being
helped to “remain in the game” by staying healthy.
In addition, it is also as important to look out for
partners and other team members (“battle buddies”)
and help point them toward help when needed.

8. Developing an Emergency Plan for Your Practice:

The Importance of Personal, Practice, and Local

Preparedness

Supplemental Information and Details on Planning

The Texas A&M VET has been involved in emer-
gency preparedness and response since 2009 and
has deployed to most of the disasters that have
occurred in the state of Texas since that time. Each
deployment has provided real-life examples of how
veterinary practices and hospitals are threatened by
one of the following:

● Direct damage to hospital or clinic with poten-
tial for injuries to patients, clients, or staff.

● Financial losses associated with non-reim-
bursement of response associated costs.

● Reduced future income potential associated
with loss of client base. Future client base
may be also be lost due to client fatalities,
victims moving out of the impact area, or
changes in client’s financial status in the post-
disaster environment.
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The key to successfully navigating a disaster that
impacts the practice or community is to commit to
developing a practice or hospital emergency and con-
tinuity of operations plan. This is a deliberate pro-
cess that should consider the types of disasters that
occur, and the variety of hazards present in each
practice and the community. It is helpful to sepa-
rate the types of disasters into no-notice versus
those incidents in which advance notice of an im-
pending event is provided.

● No-notice event: These can be separated into
those incidents that are clinic-centric and inci-
dents in which the incident is external to the
clinic or practice.
—Clinic-centric: The best example of a clinic-
centric incident is a fire involving a practice’s
structure.
—External to clinic: Examples include flash-
flooding, explosions, wildfires, and torna-
does. The Texas A&M VET has been involved
in responses to each of these types of incidents.

● Advance-notice event: The best example of
an advance notice event is a hurricane or win-
ter storm. Weather forecasters monitor for
these systems and provide advance warning
for a significant amount of time prior to ar-
rival. This provides the opportunity to miti-
gate risks associated with the impending
incident.

Developing a Clinic or Hospital Emergency Plan

The following discussion will provide an overview of
the process for developing an emergency plan for
veterinary medical practices or hospitals. This is a
complex process and a full discussion is beyond the
scope of what can be provided in these proceedings.
There are multiple resources available to provide
guidance you through the process.8–12

Define Your Practice

The initial step in developing an emergency practice
plan is to fully define the practice. This may seem
counterintuitive, but it is easy to overlook key is-
sues. Addressing the following issues or areas will
allow you to have an accurate representation of the
practice.

● Personnel and clients: Identifying these two
populations will identify the number of people
who may respond on behalf of the practice and
the number of non-employees for whom the
practoce has the responsibility of providing for
their safety. A third population to consider
incorporating into the planning process is ex-
ternal contractors who provide specific services
for the practice on a contractual or as-needed
basis.

● Patients: The number of out-patient and hos-
pitalized animals should be calculated. The
authors prefer basing this on maximum capac-

ity as it prepares the practice to deal with the
worst-case scenario.

● Data information system: Identify the sys-
tems used for management of patient records,
financial accountability, and maintaining
other important information such as employee
records and insurance papers. The authors
prefer electronic systems that are either cloud
based or have an automated off-site backup
feature.

● Equipment: Develop a list of all equipment
and include brand, serial numbers, date of pur-
chase, purchase price, and place of pur-
chase. It can be helpful to keep photographs
of equipment as well.

● List of resources that are available to be used
as emergency response assets. This particu-
lar point is inward facing and intended to iden-
tify resources that may be used to respond on
behalf of the practice rather than resources
that may be used to respond as an agent of a
local jurisdiction.

● Pharmaceutical and medical supply inventory:
This inventory is rarely static and varies day
to day. Electronic inventory systems provide
the ability to maintain inventory awareness on
a “real-time” basis, particularly when they are
part of the medical records system.

● Contact information: Maintain a current list
of emergency and service provider num-
bers. This should include law-enforcement
agencies, regulatory agencies, and the Office of
Emergency Management.

● As-built drawings for owned buildings: These
will be helpful if a practice is damaged or de-
stroyed because of an emergency or disaster
incident.

● Financial projections for maintaining the li-
quidity of the practice based on pre-incident
conditions.

Identify Risks

Risk identification or hazards analysis is a key com-
ponent to developing an emergency plan for veteri-
nary practices. It involves identifying those risks
that are inherent in the vicinity of the practice.
This process should include man-made and natural
disasters, with infectious disease incidents being in-
cluded under natural disasters. Man-made events
may be classified as technological (power outages,
chemical releases) or intentional (Terror attacks,
mass shootings and other deliberate actions). It is
important to include transportation accidents given
the number of animals and volume of hazardous
materials that are transported on highway and rail
systems. It is also advisable to contact local juris-
diction’s Office of Emergency Management as they
will know of hazards that many may not be aware of.
It may also be helpful to separate the risks into the
following categories; those that are limited to the
practice (e.g., structure fires) and those that have a
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broader distribution (e.g., wildfire, tornado, hurri-
cane, winter weather, flooding).

Communications Plan

This plan should be separated into two areas, inter-
nal and external. Internal communications plan-
ning will involve detailing how all owners,
employees, and other identified human resources
may be quickly contacted when there is an impend-
ing incident or one that has just occurred. This can
take a variety of different forms from a telephone
calling tree to a group text message. The desired
outcome is to have everyone communicated within a
manner that gets everyone on scene or evacuated
quickly without individually tying up key personnel
that may be needed for other purposes.

There should also be a plan for communicating
with animal owners. It is often preferable to dis-
charge patients that can be safely discharged to
their owners in cases of advance-notice events.
No-notice events, particularly those that directly im-
pact the practice, will typically result in heightened
concern in owners of hospitalized patients. Con-
sider the role of social media and how it may be used
to broadly broadcast a message on the status of your
clinic, employees, and patients. It is also important
to have a plan on how the practice will monitor for
and respond to negative or inaccurate social media
posts.

Identify Goals and How They Will Be Accomplished

This will be the lengthiest section of the emergency
plan. A full discussion of all the goals is beyond the
scope of what can be provided in these proceedings
and the following are provided as a starting point for
the emergency planning process.

Life safety of employees and clients: This section
should be given the highest priority and include
plans for performing an immediate evacuation of the
practice when the practice is threatened by inci-
dents that are internal to the practice. Structure
fires are an example of these types of incidents.
It should include information on how the evacuation
process will be initiated and communicated to all
occupants. Primary and secondary meeting places
will need to be identified so that all employees and
clients can be accounted for immediately after
evacuation.

Life safety should also be considered in longer-
term events. One of the best examples is provided
when veterinary practices continue to operate in the
post-disaster phase in the absence of normal sup-
porting infrastructure. The post-hurricane envi-
ronment provides a good example. Many hazards
can be part of the post-landfall timeframe including
down trees, lack of electrical service, and structural
damage. Protecting the health and wellbeing of
staff and people that may come to a practice should
be planned for in an attempt to mitigate any risks
that may be present.

Life safety of patients: This will receive the sec-
ond highest priority. This section should be sepa-
rated into no-notice and advance-notice events.
Providing for the life-safety of patients in no-notice
events is focused on getting patients out of the facil-
ity as quickly as can be accomplished without intro-
ducing unmitigated risks to human resources.

Incidents for which advance notice is typically
available provides more options. Discharging pa-
tients whose condition allows will typically result in
reduction of care provided by clinic personnel. Pa-
tients that are not medically stable will require
more advanced planning. It is appropriate to iden-
tify colleagues that may be able to receive those
patients that cannot be discharged. Owners should
be provided the opportunity to approve what cases
they will be transferred to. If they do not wish for
their animals to be transferred to those identified as
receiving practices, then plans will need to be made
on how animals will be transferred to other points of
care.

No-notice events provide a different challenge
than that discussed above in that patients may need
to be evacuated at a moment’s notice. The struc-
ture fire again provides the best example. Plan-
ning includes accounting for the safety of personnel
that are evacuating patients, location to which pa-
tients will be evacuated, and how they will be con-
tained after evacuation. As in the discussion
above, thought needs to be invested in planning for
where those patients requiring continued veterinary
medical care will go assuming the practice being
evacuated is no longer viable.

Pharmaceuticals, medical supplies, and equip-
ment represent a significant investment and are
critical to the ability of a practice to continue oper-
ations after disaster strikes. An evacuation plan
and storage plan for supplies and equipment needs
to be developed in addition to the documentation
discussed earlier in this paper.

Preservation of important documents: This in-
cludes medical records, financial instruments,
employee records, inventory information, and insur-
ance policies. Electronic storage of these docu-
ments in a cloud-based system or off-site server can
simplify this process.

Continuity of Operations

This is an exceptionally important area given the
role veterinary practices play in providing employ-
ment and service to communities. The reality is
that disaster scenarios typically cause negative con-
sequences on a practice’s business model. These
consequences include but are not limited to the
following:

● Direct damage to the veterinary practice
structure.

● Loss of key personnel.
● Reduced future client base.
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● Reduced disposable income for remaining
clients.

Some of these risks can be mitigated by hardening
the practice when there is advanced notice of a
severe-weather event and investing in emergency
electrical generators. It will also be helpful to con-
sider where a practice may be relocated if the cur-
rent structure is destroyed or requires significant
repairs. Monitoring of available lease space and
having an established relationship with a real estate
professional will provide the best opportunity for
quickly relocating the practice. It is also good busi-
ness to understand cash-flow requirements for
maintaining current staffing levels. Disasters are
anticipated to cause at least a temporary decline in
cash flow. It will be important to understand when
to lower expenses so as to maintain the long-term
practice viability.

An area that is often overlooked is planning for
infectious disease. Infectious diseases that can dis-
rupt practice activity are typically considered to be
in the livestock realm given the number of regulated
diseases. The reality is that viruses and bacteria
are continuing to adapt and the appearance of a
novel strain that potentially impacts other species
and may be zoonotic are always possible. Canine
influenza has, as of this writing, not been shown to
cause clinical illness in people, but given the poten-
tial for reassortments and genetic shifts or drifts,
this is not outside of the realm of possibility. Plans
identifying how animals and people may be moved
on and off the property without resulting in the
spread of the disease in question can be developed.
These must be developed in conjunction with the
USDA and state-level animal health regulatory or-
ganizations. It is also helpful to define how person-
nel will be protected in cases where the disease in
question is impacting human populations.

Participating in Organized Emergency Response

Planning for animals in disasters is still not where it
needs to be. The authors have worked with some
communities that plan for the local veterinarians to
play a major role. This is something the authors
support, but the reality is that most jurisdictions
cannot pay for these services. This places the local
veterinarian in the position of performing work for
free when there are no owners present and deciding
if they will charge when an owner is available.
It is recommended that practices define how they
will participate and include financial aspects in this
decision. This should be discussed with the local
jurisdiction. It is appropriate to define the length
of time to respond, financial limits, and what the
jurisdiction will do when these are exceeded.

Conclusion

Practice planning is beyond what can be fully dis-
cussed in these proceedings. It is a complicated
process but fortunately, there are resources avail-

able. The template available at the link in the
fourth reference is excellent. The Texas A&M
VET, first reference, also has templates available.
The VET can also bring instructor-student teams to
assist in the process. This service is available at no
to minimal costs.

9. Developing Emergency Plans for Animals at the

Local Level

Introduction

As noted in earlier discussions, it appears that ad-
verse weather conditions are occurring more fre-
quently and becoming more severe. The last 2
years have seen 800- and 1,000-year floods, landfall
of a Category IV hurricane, and historic flooding
from Wharton County, Texas, to the Louisiana Bor-
der. Northern California has recently experienced
devastating wildfires. There has been an active
volcano in Hawaii that destroyed homes and im-
pacted rural areas. Numerous wildfires in New
Mexico, Colorado, and California, and flooding in the
Northeast and Northwest have occurred as these
proceedings were being crafted. Each of these di-
sasters are impacting thousands of people and ani-
mals. Some of these communities have robust
animal-focused plans while others do not. Plan-
ning for and responding on behalf of animals is
always a secondary priority at the local, state, and
national level with protection of human life and
safety appropriately receiving the highest priority.
The two things learned from the numerous deploy-
ments of the Texas A&M VET is that robust and
well-thought-out animal-focused tactical plans
make a significant difference in the efficiency and
effectiveness of animal-focused response efforts and
that the highest-priority mission, providing for the
human condition, cannot be fully accomplished
without providing for their animals.

Emergency Preparedness Overview

Emergency management consists of multiple phases
including mitigation, preparedness, response, and
recovery.13 This presentation is focused on the pre-
paredness or planning phase and how the veterinary
medical professional is critical to successfully
achieving the desired outcome. FEMA has devel-
oped the Developing and Maintaining Emergency
Operations Plans Comprehensive Preparedness
Guide (CPG) 101 to guide communities through the
planning process.14 This document provides basic
principles, discussed below, that are broadly appli-
cable to all communities across the United States.

● “Planning must be community-based repre-
senting the whole population and its
needs.” Prior to Hurricanes Katrina and
Rita, animals were not a legislatively man-
dated target of emergency planning. These
two storms demonstrated the need for emer-
gency planning for animals and federal legis-
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lation requiring inclusion of animals in
emergency efforts passed.3

● “Planning must include participation from all
stakeholders in the community.” The stake-
holder community for animal-related planning
is an exceptionally diverse community ranging
from pet owners, agriculturally based indus-
tries, animal control officers, livestock officers,
animal welfare groups, extension agents, and
veterinary medical professionals. The level of
diversity in this stakeholder group is increased
as compared to other planning areas. An ad-
ditional complication is that some of the differ-
ent stakeholder groups have diametrically
opposed thoughts and goals.

● “Planning uses a logical and analytical prob-
lem-solving process to help address complexity
and uncertainty in potential hazards and
threats.” The clinical problem-solving ap-
proach employed by veterinary medical profes-
sionals is ideally suited for emergency
planning.

● “Planning considers all hazards and threats.”
While the causes of emergencies can vary
greatly, many of the effects do not.

● “Planning should be flexible enough to address
both traditional and catastrophic incidents.”

● “Plans must clearly identify the mission and
support goals (with desired results.)”

● “Planning depicts the anticipated environment
for actions.” The environment in which emer-
gency and disaster operations occurs is mark-
edly different than that encountered on a
typical day. Accounting for this difference is
critical in accounting for the safety of first re-
sponders and understanding what resources
will likely be available.

● “Planning does not need to start from scratch.”
Each stakeholder brings different skills and
protocols into the planning process. These
represent a starting point that allow planners
to not have to recreate the wheel.

● “Planning identifies tasks, allocates resources
to accomplish those tasks, and establishes ac-
countability.” The important point here is
that during a response, the animal-focused
tasks primarily focused on preserving the
health and well-being of animals and main-
taining their normal relationship with their
owners, is not that different from what practi-
tioners do daily. The environment in which
one performs, however, can be vastly different.

● “Planning includes senior officials throughout
the process to ensure both understanding and
approval.” This is a critically important
point. The reality is that a veterinary medi-
cal professional may be engaged under the typ-
ical veterinarian: client relationship or
acting as an “agent” of the jurisdiction. Act-
ing as an agent of the jurisdiction requires an
understanding that actions are being per-

formed to accomplish the goals of the jurisdic-
tion in a manner that they approve of.

● “Time, uncertainty, risk, and experience influ-
ence planning.” The Texas A&M VET has
been actively engaged in the planning process
from the time of it’s inception. The multiple
deployments and joint planning efforts with
jurisdictions have influenced the planning pro-
cess. Being a responder makes for better
planners and being a planner makes for better
responders.

● “Effective plans tell those with operational re-
sponsibilities what to do and why to do it, and
they instruct those outside the jurisdiction in
how to provide support and what to expect.”

● “Planning is fundamentally a process to man-
age risk.”

● “Planning is one of the key components of the
preparedness cycle.”
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1. Introduction

Radiography is a widely available diagnostic tool
useful for assessing skeletal features associated
with fractures, osteochondral fragmentation, osteo-
arthritis, subchondral stress remodeling, stress frac-
tures, and less common bone pathologies (infection,
neoplasia). High-quality radiographs provide sub-
stantial skeletal information for the monetary and
time investments. However, it is important to re-
member that radiographs are static images that con-
vey morphologic but not functional (metabolic)
information. Bone tissues are changing dynami-
cally in response to mechanical and metabolic loads.
The initial stage of injuries associated with repeti-
tive activities is bone microdamage, which alone is
not visible on radiographs. Consequently, bone tis-
sue can be compromised without detectable radio-
graphic abnormalities. Further, bone density must
change considerably to be visible radiographically.
Serial images or other image modalities (e.g., mag-
netic resonance imaging [MRI]) may be needed to
identify developing lesions and assess the progres-
sion of lesions (quiet, exacerbating, or resolving).
It is acknowledged that published evidence on which
to base interpretation of the clinical significance of
many abnormalities is incomplete.1 However,
given these caveats, abnormalities visible on radio-

graphs are often useful for diagnostic, treatment
planning, and prognostic purposes.

2. Changes Associated with Skeletal Adaptation and

Injury

In order to understand the usefulness and limita-
tions of imaging techniques in racehorses, it is im-
portant to have perspective on the skeletal adaptive
and pathologic processes and their manifestations
for recognition in racehorses. Bones are heavy and
energetically expensive during locomotion. Conse-
quently, the skeleton is highly dynamic, continuously
adding, removing, or replacing bone tissue for healthy
skeletal function while minimizing energy expendi-
ture. Specifically, the skeleton strategically places
mineralized tissue in mechanically advantageous po-
sitions depending on the most recent mechanical load-
ing experiences. Essentially, horses are not born
with racehorse skeletons. Training makes racehorse
skeletons, ideally by causing skeletal adaptation to
meet competition needs without sustaining injury.

Skeletal adaptation occurs in response to increas-
ing and/or altered loads associated with race training
and race training circumstances. Increases in factors
such as horse speed and racetrack surface hardness
increase loads and stresses on the skeleton. To ac-
commodate greater loads the skeleton must lay down
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additional bone material. For long bones, this pro-
cess is associated with deposition of bone on outer
cortical surfaces to enlarge bone cross-sectional
area.2,3 The enlarged cross-sectional area reduces
bone stresses and strains to within physiological lim-
its. Further, the deposition of bone material on the
periphery of bones is mechanically advantageous for
sustaining bending and torsional loads.4

The rate of increasing exercise intensity (rate that
increasing loads are applied to the skeleton over
days/weeks) affects the rate that the bone needs to
adapt to the new circumstances. Ideally the rate of
increasing exercise intensity is within the limits
that stimulate bone formation with minimal bone
perturbation. Under these circumstances high-
quality lamellar bone tissue has time to be applied
to bone surfaces. If the rate of increasing exercise
intensity exceeds the level bones can sustain, sub-
stantive bone damage is created. A rapid response
to attempt to buttress a weakened bone structure
caused by substantive bone damage results in lesser
quality woven bone tissue, which can be formed
rapidly, to be deposited on bone surfaces. Ulti-
mately, woven bone is replaced by lamellar bone
tissue when time and loading circumstances allow.
These different responses are indicators of bone
health and bone disturbance—and have distinguish-
ing features on images. Specifically, lamellar bone
is dense, homogeneous, and has a smooth surface.
Woven bone is porous, heterogeneous, and has an
irregular surface (Fig. 1).

Bone adaptation and bone injury are at the sepa-
rate ends of an analog scale. Submicroscopic and
microscopic level bone perturbation stimulate bone
adaptation, and is resolved with changes in bone
geometry consistent with bone adaptation. Mi-
crodamage that causes local bone tissue injury stim-
ulates bone repair in addition to bone deposition.
The focus of microdamage is first resorbed by oste-
oclasts, which transiently weakens the bone
material. However, given appropriate (reduced)
exercise intensity to prevent further damage on a

weakened structure, osteoblasts refill the resorption
spaces with secondary osteons. Secondary osteons
not only replace damaged bone tissue, but enhance
properties that resist crack propagation in bone ma-
terial. Several features of these processes are rel-
evant to image interpretation. Focal regions of
osteopenia are related to intermediary steps in the
process of repairing a burden of microdamage in
tissue. These regions are weakened bone tissue,
which can serve as sites of fracture initiation under
otherwise normal training and racing circum-
stances. These focal osteopenic sites can be ob-
served on morphologic images as incomplete cortical
stress fractures or as subchondral lesions. Because
bone tissue is capable of regeneration, after rehabil-
itation the prognosis for return to performance is
excellent given that there are no adverse sequelae
such as collapse of articular cartilage over a sub-
chondral osteopenic lesion.

Equine athletes in the occupation of racing are sus-
ceptible to incurring substantive bone damage in the
form of overuse injuries. Racing related overuse in-
juries are due to the repetitive motions incurred dur-
ing training- and race-specific loading conditions.
These specific loading conditions result in predictable
sites, natures, and configurations of injuries in race-
horses. Knowledge of the sites and features of com-
mon, typical injuries aids in the selection of clinical
diagnostic and imaging techniques.

3. Stress Fractures

Radiographs are useful for stress fractures in the
distal portion of the limb because of the relatively
scant soft tissue relative to bone tissues. Stress
fractures are associated with the intracortical re-
modeling of microdamaged bone material. When
damage resorption exceeds bone tissue replacement
during the process of healing, the affected region
becomes osteopenic—and may be recognized on ra-
diographs. Focal periosteal woven bone callus and
endosteal sclerosis serve to buttress the underlying
weakness. The visualization of these features, re-
gardless of the presence or absence of a radiolucent
incomplete fracture line are indicative of an under-
lying stress fracture. With progression of intracor-
tical healing, the size of the callus diminishes and
the callus surface becomes smoother with conver-
sion of woven bone to lamellar bone through the
remodeling process. A residual increase in bone
diameter at this location reflects skeletal adaptation
to the new loading conditions (Fig. 1). The most
common sites for radiographic detection of cortical
stress fractures are the third metacarpal bone, tibia,
and proximal phalanx. Some stress fractures can
be detected in the humerus.

4. Stress Remodeling

Stress remodeling occurs in subchondral bone sites.
The features of stress remodeling are similar to
those of stress fractures with the exception of the
lack of a periosteal response due to the overlying

Fig. 1. Lateromedial radiographs of a developing and resolved

stress fracture at the humeral neck. A, Early clinical signs-no

abnormalities. B, 1-month later – focal periosteal woven bone

callus. C, 3-months later – lamellar cortical expansion. Cour-

tesy of Dr. Rick Arthur.
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articular cartilage. Accumulation of microdamage
in regions of high stress devitalizes bone material.
The devitalized bone material must first be removed
before it can be replaced with new healthy bone
material. During this process, the microdamage
and focal osteopenia weaken the bone substance.
Given time and early recognition, the lesion can
heal. Continued exercise on the weakened tissue
can culminate in articular cartilage collapse. Rec-
ognition of the subchondral lucency before articular
fracture or cartilage collapse is most commonly ob-
served in the third metacarpal and carpal bones
(Fig. 2).

5. Complete Bone Fractures

The most straightforward diagnoses involve com-
plete, displaced fractures. Indications for repair
and prognoses for healing and return to perfor-
mance are related to the presence/reconstruction of
a weight-bearing bone column and articular involve-
ment/reconstruction. Relatively few complete long
bone diaphyseal fractures that completely separate
the proximal and distal portions of the bone column
are amenable to successful repair. The likelihood
of success increases when implants reconstruct the
bone column so that the bones can sustain loads.
The likelihood of return to performance is higher
with non-articular fractures and with anatomically
reduced articular fractures without associated sub-
chondral bone pathology.

6. Third Metacarpal/Metatarsal Condylar Fractures

Complete, displaced or non-displaced articular frac-
tures commonly affect the third metacarpal/meta-
tarsal condyle and the third carpal bone. Condylar
fractures more commonly affect the lateral than the
medial condyle. Complete lateral condylar frac-
tures usually exit the lateral side of the metacarpal
cortex, thus leaving intact a column of bone from the
proximal to distal articular surfaces. Medial con-
dylar fractures have a higher likelihood of progress-
ing proximally, resulting in complete, comminuted

metacarpal/metatarsal fractures; however, success-
ful repair can return horses to racing performance.5

Condylar fracture initiation occurs in the sub-
chondral bone of the articular surface.6 The frac-
ture propagates a variable amount proximally,
resulting in incomplete and complete fractures, non-
displaced and displaced configurations. Conse-
quently, all condylar fractures will have an articular
component, and incomplete fractures will be present
in the subchondral bone. Condylar fractures are
commonly associated with subchondral bone pathol-
ogy that can manifest as a focal subchondral radio-
lucency or as an osteochondral fracture fragment
(articular comminution) at the distal aspect of the
fracture on the palmar aspect of the condyle (Fig. 2).
Prognosis for return to racing performance is better
for nondisplaced fractures than displaced fractures.7

Prognosis of incomplete fractures for return to rac-
ing performance is good with conservative or surgi-
cal treatment; 87% of conservative, 74% of surgical
returned to racing performance.5 Sixty-three per-
cent (63%) of all condylar fractures treated surgi-
cally returned to racing performance, including
successfully repaired medial condylar fractures.
Prognosis for return to racing was adversely affected
by severe joint injury, articular comminution,6 and
less than optimal surgical repair.5

High-quality radiographs are critical for detecting
incomplete lateral condylar fractures, articular com-
minution, and evidence of subchondral bone abnor-
malities that portend impending lateral condylar
fracture. Key views include the flexed dorsodistal
to palmaroproximal oblique radiographic projection
which superimposes the distal aspect of the condyle
on the proximopalmar aspect of the proximal
phalanx,8,9 and the 125° dorsopalmar metacarpal
skyline projection (D35°Di-PaPr).10 Unicortical
(incomplete) fracture is characterized by uniaxial
parasagittal lucency to clear linear radiolucency
(Fig. 2).9 However, in one report, radiography was
only 78% sensitive for picking up unicortical lateral
condylar fractures, the remaining detected on low
field MRI examination.9

7. Palmar/Plantar Osteochondral Disease

Palmar/plantar osteochondral disease (POD) is very
common in racehorses that have died or were eutha-
nized during racing or training. POD lesions have
been observed during postmortem examination in
44% to 67% of racehorse limbs.11–13 These lesions
have been associated with a history of greater num-
ber of lifetime races and shorter inter-race intervals,
typical of cumulative race exposure and training
intensity.14 POD lesions have been associated with
other pathologies within the fetlock joint; increasing
severity of POD is associated with increasing prev-
alence/severity of other lesions.12,15 POD is consid-
ered a fatigue injury of subchondral bone that is
recoverable in early stages of disease, but can prog-
ress to articular cartilage collapse and irreversible
degenerative joint disease. Affected 3-year-old

Fig. 2. Subchondral lucency in the third metacarpal bone (left)

and third carpal bone (right). Courtesy of Dr. Ryan Carpenter.
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racehorses given free-choice exercise had a favorable
prognosis for return to racing with similar post-
injury performance to pre-injury performance.16

8. Proximal Sesamoid Bone Pathology

Medial proximal sesamoid bone (PSB) and apical PSB
fractures observed in 2-year-old training sale Thor-
oughbred racehorses were less likely to race and earn
money.17 Removal of apical fractures in horses is
associated with good return to racing and career lon-
gevity, however, there is a better prognosis for
hindlimb (86%) than forelimb (55%) fractures, and a
poorer prognosis for medial PSB fractures (44% to 47%
raced postoperatively).18,19 Size of the apical fracture
fragment was not observed to affect racing progno-
sis.20 Uniaxial transverse PSB fracture repaired
with lag screws resulted in 5 of 8 horses without con-
current degenerative joint disease returning to
racing.21

9. Sesamoiditis

Evidence for significance of sesamoiditis relative to
racing performance is controversial. Whereas
some studies observed that enlarged vascular chan-
nels with non-parallel borders adversely affected
racing performance, others using different criteria
for sesamoiditis found no relationship.17,22,23 The
observed relationships characterized sesamoiditis
as the presence of vascular channels � 2 mm width
and abnormal or non-parallel sides. Thirty percent
(30%) of severely affected horses raced at 2 years of
age and 70% at 3 years of age compared to 51% and
79% of non-affected horses racing at 2 and 3 years of
age respectively.

Forelimb proximal sesamoid bone enthesophyte in
yearlings and medial proximal sesamoid bone frac-
ture in 2-year-old in training sales were associated
with a lower proportion of horses starting a race
(57% affected vs 82% non-affected; 71% vs 91%, re-
spectively); however, if yearling horses started in a
race there were no differences in places, money
earned, or money earned per start.22

10. Proximal Phalanx (P1)

The presence of a forelimb and fore- or hind-limb
articular margin osteochondral fragment was asso-
ciated with a lower likelihood of starting in a race
(38% and 76% vs 91% without the lesion) and a
lower proportion who earned money.17 Ar-
throscopic removal of dorsoproximal osteochondral
fragments resulted in 89% to 92% of horses racing
after surgery; 71% to 87% at the same or higher
level, more commonly with lower earnings.24–27

Non-displaced fractures have been treated conser-
vatively with 4 of 6 returning to racing perfor-
mance.28 Displaced fractures have been treated
successfully with screw fixation. Short, non-
displaced dorsal fractures of the proximal articular
margin (most commonly of the medial eminence)
treated by arthroscopic debridement resulted in 91%
return to racing.29 Length of career and earnings

were not different between cases and controls al-
though injured horses had fewer post-operative starts.

Eleven of 21 (52%) Thoroughbred horses with a
non-comminuted P1 fracture (sagittal, dorsal fron-
tal, oblique, physeal, and palmar process) returned
to racing performance, 65% to a higher level.28

While moderately comminuted P1 fractures in Thor-
oughbreds have been successfully repaired (92%
positive outcome), none reported returned to rac-
ing.30 Prognosis for survival was fair for severely
comminuted fractures.

11. Carpus

Radiographic visualization of lucencies in the radial
facet of the third carpal bone can be indicative of
incomplete fracture or articular cartilage damage
(Fig. 2).31,32 Similarly, lucencies in the distal as-
pect of the radial carpal bone were associated with
osteochondral or cartilage fragmentation in 71
horses. Eighty percent (80%) of the 55 surgically
treated horses returned to racing, 63% of these at
the same or better level. Only 42% of non-surgi-
cally treated horses returned to racing, 14% at the
same or better level.33

A recent comprehensive study of 828 Quarter
Horse and Thoroughbred racehorse with ar-
throscopic removal of osteochondral fragments in
the carpus found that 82% of horses raced after
surgery, with 70% performing at the same or higher
level than before surgery.34 Likelihood of racing
after surgery was increased if horses had raced be-
fore surgery, and decreased with increasing horse
age, being female, and having a severe lesion with
substantive subchondral bone removed. Similar
findings have been reported in other studies.35,36

Whereas most studies compare pre- and post-sur-
gery racing performance of affected horses, a com-
parison of the performance of horses surgically
treated for carpal osteochondral fragments with un-
affected control horses found better racing perfor-
mance in the affected treated horses.37 Of those
control horses that raced, a lower percentage of con-
trol racehorses (59%) won races than affected, sur-
gically treated racehorses (75%).

Palmar osteochondral fragments were removed in
31 horses, many that also had dorsal fragments.
Fifty-two percent (52%) returned to racing, 48%
earned money, and 32% had 5 or more starts.38

Performance decreased with increasing number of
palmar fragments. Similar findings were observed
in a study of horses of varied disciplines, 76% re-
turned to intended use.39

Yearlings with evidence of dorsal medial intercar-
pal joint disease are less likely to start in a race (63%
affected vs 82% non-affected); however, for horses
that started in a race there were no differences in
places, money earned, or money earned per start.22

No differences in race performance of sale yearlings
was associated with accessory carpal bone osteo-
chondral fragmentation.40
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Complete, displaced or non-displaced articular
fractures commonly affect the third carpal bone.
Return to racing after lag screw fixation of dorsal
(frontal) slab fractures varied from 35% to 72%, 85%
for incomplete dorsal slab fractures, and 63% to 72%
for sagittal slab fractures.41–45 Fracture displace-
ment, third carpal bone lysis, and cartilage damage
lessened the likelihood of racing. Surgical manage-
ment of sagittal slab fractures had a better return to
racing than conservative management.35

12. Tarsus

Yearlings with an osteophyte/enthesophyte in the
distal intertarsal or tarsometatarsal joints were less
likely to start in a race than horses without the
lesion (76% vs 82%); however, for horses that started
in a race there were no differences in places, money
earned, or money earned per start.22 The presence
of wedging of the central or third tarsal bones in
horses at 2-year-old in training sales was associated
with a lower proportion of horses that raced (60% vs
91%) and a lower proportion of earned money.17

For horses surgically treated for tarsocrural osteo-
chondrosis before 2 years of age, 43% and 78% raced
as 2- and 3-year-olds, respectively; compared to 48%
and 73% of siblings.46

13. Stifle

Flattening of the medial femoral condyle in horses at
2-years-old in training sales was associated with
fewer 3-year-old racing starts, compared with values
for horses that had no lesion.17 Weanlings and
yearlings at sales that had a medial femoral condy-
lar lucency � 3 mm in depth or a cyst were less
likely to start a race as a 2-year-old but only
horses with a cyst were less likely to start a race
as a 3-year-old compared to maternal siblings.47

Whereas 41% of lucencies remained the same size
between weanling and yearling radiographs,
similar proportions of horses had lesions that de-
creased or increased in size. Arthroscopic de-
bridement of medial femoral condylar cysts
resulted in 64% of horses that raced compared
with 77% of maternal siblings.48 The extent of
articular surface debridement was adversely re-
lated to the likelihood of participating in a race.

14. Summary

Racehorses are elite athletes that must adapt their
skeleton to the increased stresses associated with
training and racing. Bones undergo predictable
changes in the course of adaptation and repair.
Radiographically, medullary sclerosis and smooth
periosteal expansion reflect mechanisms for adapt-
ing to increasing stresses with progression of race
training. The nature of the repetitive motions as-
sociated with training and racing result in typical
locations and morphologic changes when injuries
occur. Given time (recovery), bones are capable of
repair and regeneration. Woven bone callus re-
flects an attempt to buttress an underlying weak-

ness. Focal osteolysis can reflect resorption of
damaged bone tissue, structural weakness, and risk
for greater injury—until the osteolysis dissipates
when healthy bone replaces damaged tissue. It is
apparent that many horses with a radiographic ab-
normality subsequently perform in a race, although
the proportion of horses capable of doing so can be
less than unaffected horses, depending on the na-
ture of the abnormality.
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Horses in Relation to Performance and Lameness
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As knowledge of equine sports medicine advances, the list of differential diagnoses causing performance

problems lengthens. The clinical examination is a critical component and its findings must be considered

in conjunction with imaging findings. Careful physical examination including detailed palpation, ma-

nipulation, examination of the horse in motion, quantitative gait assessment tools, and diagnostic

anesthesia are important parameters. More often than not, the adult sport horse is a complicated

interaction of different problems of variable importance. These abnormalities may even arise from

different body systems. For example, many sport horses will have lameness in more than one limb,

or lameness in one limb in addition to axial skeleton dysfunction. Diagnostic imaging, in all of

its many forms, is an important piece of a complete work up that requires careful integration into

the overall clinical assessment. Author’s address: 911 Mustang Court, Petaluma, CA

94954; e-mail: smpuchalski@gmail.com. © 2020 AAEP.

1. Introduction

The clinical assessment of an equine athlete is crit-
ically important to that athlete’s career longevity,
acute injury diagnosis, and chronic injury manage-
ment. The clinical assessment, performance his-
tory, and anamnesis should lead the clinician
toward a diagnostic imaging modality or several im-
aging modalities in order to fully characterize the
perceived problem. Choosing the optimal diagnos-
tic imaging modality is not always easy. In most
instances, the clinician will start with the readily
accessible modalities of radiographs and ultrasound
with an eye toward what more can be done with
different equipment. The clinician must first ac-
quire and accurately interpret the radiographic and
ultrasonographic images. They should also under-
stand the strengths and weaknesses of each of the
additional diagnostic imaging modalities in addition
to having some concept of what they are expecting to

find. In many instances, a given horse, for a given
problem may have numerous modalities applied.
Whenever possible, a discussion regarding addi-
tional imaging is best done in advance of ordering
the additional test and after interpretation of the
readily available techniques.

Multiple steps are incorporated into the evalua-
tion of any diagnostic imaging results. An accurate
diagnosis should be the ultimate goal of any diag-
nostic imaging study. Accuracy must include the
identification of both true-positive and true-negative
studies, not just the identification of lesions. Sim-
ply identifying a lesion is only a small, albeit critical,
part of the entire process. Correct interpretation of
images depends on many factors starting at image
acquisition (optimized for high-quality images with
few artifacts) and ending with decision making
(where the observer both recognizes and interprets
imaging findings correctly). The findings must
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then be synthesized with the clinical exam and con-
sidered in relation to the horse’s discipline and per-
formance level.

Certain radiographic findings such as bone frag-
ments, osteophytes, and developmental lesions are
common findings in sport horse practice. Horses
with these problems will present in a variety of
ways. The easiest situation to interpret is when
these findings are limited to the lame leg, in the site
localized via examination or diagnostic analgesia.
More often, this is not the case. Often these abnor-
malities are seen in sound horses presenting for
pre-purchase or sales evaluation, or as bilateral le-
sions in horses with unilateral lameness. Veteri-
narians must make an educated guess regarding the
impact on performance and long-term outcome.

2. Performance

Equine performance outcomes are difficult to mea-
sure. The lack of objective data for comparison be-
tween horses with and without lesions makes
scientific study design challenging. Multiple re-
search groups have evaluated radiographic lesions
and performance outcomes in Thoroughbred
(TB),1–6 Standardbred,7,8 and French Trotter1,9,10

racehorses using racing outcomes such as total ca-
reer earnings, earnings per start, and total career
starts. Only a limited number of studies have eval-
uated horses used for sports other than racing.11–13

These studies have produced good guidelines for
many commonly encountered lesions. However, it
remains that veterinarians must make decisions
based on the individual horse at hand, and each
clinical scenario is almost always different.

Equestrian sports all have different demands. It
is clear that a 2-year-old TB flat racing horse has
different stressors placed on its cardiovascular and
musculoskeletal systems than a 12-year-old Warm-
blood show jumper. With growing popularity of am-
ateur involvement in many equestrian sports (e.g.,
cutting, reining, dressage, show jumping, eventing,
endurance), it is important to also understand the
variability of demands within a sport at different lev-
els. In racing and some Western performance sports,
heavy emphasis is placed on a short, intense career
with some of the largest purses being available to
younger horses. Whereas, in other equestrian sports
(e.g., dressage), it may take many years of training for
a horse and rider combination to acquire the skills
necessary to compete at the highest level. Further-
more, the influence of specific trainers or training pro-
grams remains a substantial and often unrevealed
factor in career longevity in horses—regardless of dis-
cipline. These factors should all be considered when
deciding about the significance or future influence
that a particular radiographic lesion may have on
performance.

Many factors beyond musculoskeletal health in-
fluence performance in sport horses: talent and
ability, training program, opportunity, rider/
jockey ability, goals of the owner(s) or trainer(s),

and the intangible factors of horse toughness or
“heart.” These factors most likely have unequal
and variable weighting on a horse’s career, cannot
be measured and confound direct evaluation of
performance outcome in studies evaluating imag-
ing versus performance.

3. Bone Fragments

Not all osteochondral fragments are the same.
Fragment imaging characteristics, which may also
correlate with breed and use, are an important con-
sideration for impact on performance. Consider
the fetlock joint, where fragments occur in associa-
tion with the dorsal, proximal aspect of the proximal
phalanx (P1), the dorsal proximal aspect of the sag-
ittal ridge of the third metacarpal (-metatarsal) con-
dyle, and the palmar (plantar) processes of the
proximal phalanx. Dorsal, proximal P1 fragments
in Thoroughbreds are most often fractures second-
ary to repetitive trauma; however,14 certain types of
fragments in Warmblood and Standardbred horses
are of uncertain origin.15 Evaluation of the clinical
signs and imaging characteristics can lead to con-
clusions regarding etiology, chronicity, and related
signs. In general, dorsoproximal P1 chip fractures
reduce performance,2 an effect that may be miti-
gated with surgical intervention. More confusing
are horses with smooth-margined, round lesions as-
sociated with dorsoproximal P1. Yearling TB
horses with this finding are less likely to start.5

In Warmblood horses with this finding, increasing
age of the horse and increasing number of fragments
is associated with increasing odds ratio for lame-
ness.15 Furthermore, in this study, older horses
were more likely to have other associated joint ab-
normalities such as synovitis, cartilage wear lines,
erosions, and fibrillation.15 Plantar, proximal P1
fragments are less well understood. These are
probably more common in certain breeds of horses
including Standardbreds, Trotters, and Warm-
bloods.10,16,17 These fragments are reported to
have a relatively high incidence and influence on
measures of performance in trotters.10 In Warm-
blood horses, the influence of this lesion is not well
understood.

In general, identifying a lesion is the first
step. Characterizing the lesion fully using other
imaging findings and the presence or absence of
concomitant lesions most likely yields a more com-
plete assessment of any given lesion. Further-
more, assessment of the whole horse may also be
an important factor in overall performance out-
comes with many reports showing that increased
number (and severity) of lesions is associated with
decreased performance.1,9

4. Periarticular New Bone Formation

Osteophytes and enthesophytes occur in numerous lo-
cations. Osteophytes provide clear evidence of joint
disease in most locations. However, specific sites,
such as the proximal third metatarsal bone18 and the
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proximomedial tibia at the medial femorotibial joint,
are often identified in sound horses. Furthermore,
studying the influence of these changes on perfor-
mance is difficult. Qualitative imaging features in
addition to clinical information should be utilized to
assess the finding(s). For example, proximal third
metatarsal osteoproliferation may be at the joint mar-
gin (e.g., osteophyte), slightly distant from the joint
margin (likely associated with the dorsal tarsometa-
tarsal ligament), or more distant from the joint margin
(likely associated with the cranial tibial tendon and/or
peroneus tertius insertion). If the osseous prolifera-
tion is present at the joint margin, close evaluation for
subchondral bone change (irregularity or change in
opacity) or other evidence of joint disease should be
undertaken. Additional abnormalities will lead to a
stronger conclusion of the significance of the finding.
Marginal proliferation on the proximal, medial tibia
may provide evidence of joint disease. This can
prompt the observer to closely inspect the medial
femoral condyle for shape change or alteration in
structure, the attachment sites of the menisco-tibial
or cruciate ligaments, or prompt further investigation
with additional radiographic projections (e.g., flexed
lateral oblique [cranio 5 disto 10 lateral-caudoproximo-
medial oblique] to highlight the medial femoral con-
dyle) or ultrasound. Enthesophytes provide clear
evidence of chronic pathologic change at the bone/soft
tissue interface. Certain locations are very fre-
quently identified and likely carry limited significance,
for example the oblique sesamoidean ligaments or the
proximal attachment of the distal digital annular lig-
ament. Because these findings can occur at such a
wide variety of locations for a wide variety of reasons,
each case should be evaluated on an individual basis.

When a bone spur is identified, it should be care-
fully categorized as an osteophyte distant from the
joint surface, periarticular (joint margin) osteo-
phyte, or enthesophyte (tendon/ligament/joint cap-
sule insertion). The categorization of the lesion
will then prompt either active dismissal of the le-
sion as insignificant, further investigation of the
lesion, or allow the observer to make a diagnosis.

5. Osteochondrosis

Osteochondrosis lesions come in all shapes and
sizes, and should include lesions of endochondral
ossification that develop in juvenile horses. A more
inclusive term of juvenile osteochondral conditions19

has been proposed to include osteochondrosis, juve-
nile subchondral osseous cyst-like lesions, physitis,
and avulsion lesions of epiphyseal or apophyseal
bone. Many studies evaluate the influence of lesion
size, location, surgical versus medical management
and the influence on outcome.1,20–26 Overall, the
understanding of these conditions is much greater
in horses used for racing than other non-racing
disciplines.

In general, osteochondrosis increases the likeli-
hood of untoward downstream effects including sy-
novitis and osteoarthritis. The identification of an

osteochondrosis lesion should prompt an immediate
assessment of multiple factors that include the le-
sion size and depth, the relationship to the weight
bearing surface and/or other articular components,
the presence of other associated joint abnormalities
such as soft-tissue swelling or osteophyte formation,
and surgical accessibility. The identification of ad-
ditional, related lesions or contralateral lesions
likely increases the clinical significance of lesions in
the individual animal.

6. Cervical Spine

High-quality radiographs of the cervical vertebrae
provide a wealth of information about vertebral
morphology.27,28 Quality assessment should be
performed by the operator at the time of image ac-
quisition. Patient positioning and preparation,
beam angle, film focal distance, exposure, and mo-
tion all play a role in image quality that can signif-
icantly detract from the clinical utility of
radiographs. Latero-lateral radiographs have sev-
eral limitations including superimposition of the
bone over the soft tissues of the spinal cord and
articular process joints, a lack of orthogonal projec-
tions, and that they are generally taken with a fixed
or stationary head position. These limitations can
be partially alleviated through quantification of the
sagittal diameter ratios, the use of oblique and/or
positional projections and complementary imaging
techniques such as ultrasound, and the use of con-
trast media (myelography). Thoughtful consider-
ation of the limitations and their respective
solutions should enter into the clinicians’ rationale
early in the discourse. When quantification of sag-
ittal diameter ratios and myelography are em-
ployed, it is important to remember that even these
techniques are faulted. Inter- and intra-observer
variability in ratio measurement make the use of
this technique somewhat questionable except in
very positive or very negative cases.3 Similarly,
myelography, though for a time considered to be the
gold standard for the identification of spinal cord
compression, is fraught with false-negative and
false-positive results. Even with these limitations,
radiographs are still useful for the evaluation of the
shape, size, alignment, symmetry, opacity, and
number of vertebrae giving good information about
many disease processes.

Ultrasound is invaluable for the assessment of the
vertebral surfaces and associated soft tissues, and
for its role in ultrasound-guided or ultrasound-
assisted interventions. In general, ultrasound does
not provide useful information for the assessment of
the central nervous system. Nerve-root evaluation
can be performed when the nerve roots or lower
motor neurons exit the vertebral canal. Evaluation
of the nerve roots can be performed in the lumbosa-
cral region on per-rectal ultrasound examination
providing some information about these structures.
Ultrasound is complementary to radiographs for
evaluation of the nuchal ligament and bursa, artic-
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ular processes and joints of the cervical, thoracic and
thoracolumbar spine, the supraspinous ligament,
the interspinous ligaments and spacing of the tho-
racic and lumbar dorsal processes. In the thoracic
and thoracolumbar spine, ultrasound of the dorsal
aspect of the spinous processes and supraspinous
ligament can be very misleading for the diagnosis of
spinous process impingement and should always be
used in concert with radiographs. Ultrasound
alone can be used for evaluation of the pelvis and
sacroiliac region including the associated soft tis-
sues, but is often more useful when used in conjunc-

tion with nuclear scintigraphy. Ultrasound is often
used to guide intra- or peri-articular injections of the
intervertebral joints or sacro-iliac regions, or to sam-
ple cerebrospinal fluid (CSF) from various locations.

Diagnostic imaging, featuring the novel tech-
niques, has allowed for great leaps forward in our
understanding of pathology of the cervical verte-
brae. Even the common usage of modern radiogra-
phy equipment with good quality image processing
has allowed great leaps forward in the ability to
make diagnoses pertaining to the cervical vertebrae.
Any differential diagnosis impacting the cervical

Fig. 1. Laterolateral radiograph of the mid-cervical spine. C3, C4, and C5 have indistinguishable anatomic features and external

markers in this region can be helpful, particularly when using a small size (portable) radiograph detector (plate). Note that the

transverse processes of C4 are well positioned with near-perfect superimposition (white arrows) but the transverse processes of C5

(black arrows) have discrepant cranial margins (A and B). The most likely cause of this is lateroflexion of the neck at the time of

radiographic acquisition.

Fig. 2. Laterolateral radiograph of the caudal cervical spine. There is transposition of the caudal tubercle of one transverse process

of C6 to C7 (*) with a normal transverse process on the other side (black arrow). Moderate periarticular new bone production is

present on the ventral margins of the articular processes of C6 to C7 (arrows, A and B). The spinous process of C7 (C) is superimposed

over the dorsal margin of the articular processes. This is frequently misinterpreted as new bone formation.
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vertebrae and/or spinal cord and/or nerve roots can
manifest as cervical region pain.

Cervical articular process joint disease (osteoarthri-
tis) with or without malformation or developmental
orthopedic disease (osteochondrosis) of the vertebrae is
a common diagnosis in equine sports medicine practice
for horses with clinical signs ranging from stiffness
and inability or unwillingness to flex (sometimes
one direction more than another), forelimb lame-
ness to fixed neck position. Critical assessment
of radiographic quality is very important as

marginal quality radiographs can both overesti-
mate and underestimate abnormalities of this
region (Fig. 1). More research is needed to un-
derstand the relationship between radiographic
abnormalities and clinical signs as mild radio-
graphic abnormalities can be clinically silent.
Nuclear scintigraphy and ultrasound are fre-
quently used in conjunction with radiographs to
further characterize this problem. Important ra-
diographic findings include periarticular new
bone, irregular margination of the articular sur-
faces, regional sclerosis and enlargement of the
articular processes, and asymmetry of the articu-
lar processes (Fig. 2). These findings are much
better appreciated on cross-sectional imaging mo-
dalities (computed tomography [CT]), and can be
more fully characterized with respect to the inter-
vertebral foramina and dura mater. Anomalous
vertebral developmental can be an important un-
derlying cause of osteoarthritis that is often not
diagnosed on plain radiographs (Fig. 3).

Nuchal desmopathy/enthesopathy, as identified
on radiographs, is a common finding in sport horses
with variable clinical significance. Nuchal bursitis
is invariably clinically significant, particularly when
it is associated with a septic etiology. Clinical signs
relating to nuchal ligament pain range from inabil-
ity or unwillingness to flex at the poll, extreme pain
on palpation or when placing a halter or bridle, or
this can be a radiographic finding with no clinical
relevance. This imaging diagnosis must always be
interpreted with clinical examination findings.

Intervertebral disc disease is uncommon in horses.
When intervertebral disc space collapse is identified, it
is important to evaluate the horse and radiographs for
other evidence relating to the potential etiology. Pos-
sibilities include previous trauma, discospondylitis,
neoplasia, and degeneration. Disc-space narrowing

Fig. 3. Transverse CT image through the C7 to T1 articular

process joints. There is marked asymmetry of the articular pro-

cesses that is most likely anomalous development. This causes

marked, asymmetric stenosis of the intervertebral foramen

(white arrow) in a horse with unilateral, intermittent forelimb

lameness.

Fig. 4. Laterolateral radiograph of the caudal cervical spine in a 15-year-old warmblood dressage horse with inability or unwilling-

ness to do collected dressage movements. The intervertebral disc space is nearly completely collapsed at C6 to C7 (white arrows) with

a step defect between the ventral lamina of C6.
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can be associated with soft tissue, presumably inter-
vertebral disc material, specifically annulus fibrosus,
extending into the ventral vertebral canal and causing
extra-dural spinal cord compression that may be iden-
tified with myelography (CT or radiographic). Criti-
cal assessment of end plate morphology is needed to
differentiate between aggressive and non-aggressive
causes of intervertebral disc-space collapse (Fig. 4).

In summary, bone chips, bone spurs and osteochon-
drosis, and cervical changes occur commonly in perfor-
mance horses. The identification of lesions must be
accompanied with an understanding of the demands
placed on the horse for its given sport, and a search for
additional, related lesions. Broad guidelines provide
some information for the interpretation of these le-
sions, but each individual case should be contemplated
separately. Exceptions to every rule exist with a rare
horse having an exceptional performance career with
major radiographic findings and other horses having
poor performance as a result of minor findings. A
direct correlation between radiographic lesion pres-
ence and performance will remain elusive and good
clinical judgment will always be necessary.
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1. Introduction

Advanced imaging modalities are now routinely
used in equine practice and the technology involved
continues to advance at a fairly rapid pace. It can
be difficult for practitioners to decide which modal-
ities to choose for both diagnosis and re-evaluation,
particularly in light of some modalities requiring
referral and/or general anesthesia, notably high-
field magnetic resonance images (MRIs). The pur-
pose of this paper is to provide an overview of how
certain imaging modalities can be used alone or in
combination to guide rehabilitation protocols and
decision making such as return to performance as
well as prognosis following musculoskeletal injury.
The accuracy of certain imaging techniques for di-
agnosing specific injuries in combination with local-
izing blocks is beyond the scope of this paper and is
presented in other papers within this session.

2. Imaging Modalities

Ultrasonography

Traditional B-mode gray-scale ultrasound examina-
tion in both the transverse and longitudinal planes
has been used for decades to diagnose and monitor
tendon and ligament injuries.1,2 A typical exami-

nation involves measurement of the overall tendon
or ligament cross-sectional area, lesion cross-
sectional area, and total proximal-to-distal length of
the lesion in the transverse plane as well as subjec-
tive assessment of the lesion echogenicity on a grad-
ing scale. In the longitudinal plane, loss of linear
fiber pattern is either subjectively reported as a
percentage or using a grading system. Decreases
in lesion and overall tendon/ligament size correlated
with improvements in echogenicity and linear fiber
pattern are indicative of healing and used to guide
rehabilitation protocols.1 It is well known, how-
ever, that flexor tendons in particular appear well
healed on gray-scale ultrasound examination long
before they are histologically healed and biome-
chanically stable.3,4 For this reason, ultrasound
techniques that allow for more in-depth interroga-
tion of tendon healing have been explored and are
now being used to monitor the healing of both ten-
don and ligament injuries in horses as well as in
humans.

Color or Power Doppler, as originally described
for use in the cardiology field, uses high-frequency
sound waves to measure blood flow and is now used
broadly in both equine and human sports medicine

30 2020 � Vol. 66 � AAEP PROCEEDINGS

IN-DEPTH: THE RELATIONSHIP BETWEEN IMAGING FINDINGS AND LAMENESS

NOTES



for the differentiation of active versus inactive ten-
don and ligament injuries.5–11 In terms of monitor-
ing tendon healing, Doppler is especially useful for
identifying the progression of a tendon lesion out
of the inflammation and proliferation/reparative
phases in which hypervascular granulation tissue
exists (Fig. 1, A and B) and into the remodeling
phase in which hypovascular scar tissue predomi-
nates (Fig. 1C). Such information is helpful for
determining lesion resolution, or lack thereof in
some cases, and for appropriately guiding increases
in levels of controlled exercise. Doppler is also very
useful for assessing re-injury or even setbacks dur-
ing the initial rehabilitation period in which a lesion
that was hypovascular on a previous examination
suddenly becomes vascular again. While little in-
formation is available regarding the use of Doppler
for assessing ligament healing, a descriptive study
examining the suspensory branches of 13 horses did
find Doppler signal in all branches that were abnor-
mal on gray-scale ultrasound and did not find Dopp-
ler signal in any branches that were normal on gray-
scale ultrasound.10 While these results were not
able to be correlated to soundness, they provide
justification for further investigation of the use of
Doppler for the assessment of ligament injuries.10

Elastography is another ultrasound technique
now used in both equine and human sports medicine
to assess the quality of healing tendon tissue.3,12–14

Elastography allows for determination of tissue
stiffness through application of compression with
the ultrasound probe which results in tissue defor-

mation (strain) and alteration of sound waves as
they travel through that tissue. Normal tendon tis-
sue is stiffer than injured tendon and therefore elas-
tography can be used to monitor tendon healing over
time from “soft” to “hard” tissue as commonly re-
ported with a color scale on most ultrasound pro-
grams (Fig. 2). In a prospective longitudinal study
on the healing of naturally occurring superficial dig-
ital flexor tendon injuries in 7 racing Thorough-
breds, an important finding was that gray-scale
ultrasonography scores improved over the initial 3
months but then became static while elastography
scores and strain ratios continued to improve with
healing over the full 9 months that the horses were
monitored.3 Similar to as described above for Dopp-
ler, such information can be very useful for guiding
informed decisions on increases in exercise intensity
during rehabilitation as well as to monitor for any
potential setbacks or re-injuries in which a previously
stiff or “hard” tendon lesion suddenly becomes less
stiff or “soft” again. Finally, both methods can be
used to identify chronic tendon lesions that remain
hypervascular and “soft” despite treatment and,
therefore have a poor prognosis. Again, similar to
as described above for Doppler, much less is known
regarding the utility of elastography for ligaments
as compared to tendons. In a study examining 33
suspensory branches, however, elastography corre-
lated well with gray-scale ultrasound, MRI, and
clinical examination findings, suggesting that it is a
useful technique for monitoring lesions at this site.12

Fig. 1. Doppler ultrasound examination of a substantial lesion of the dorsal aspect of the lateral lobe of the deep digital flexor tendon

at level B in the pastern. Examination at the time of presentation and 2 months after presentation revealed increased vascularity

of the lesion (white arrow) as expected during the proliferation and reparative phases of healing (A and B) which was resolved by 6

months post-presentation (C). For all images, lateral is on the left side of the image. Red represents blood flow toward the

ultrasound probe while blue represents blood flow away from the ultrasound probe.

Fig. 2. Gray-scale (A) and elastography images (B and C) of the same lesion of the dorsal aspect of lateral lobe of the deep digital flexor

tendon as shown in Fig. 1. The lesion was diffusely “soft” (red) at the time of presentation (B) but markedly improved by 6 months

post-presentation as shown in the split screen gray-scale and elastography image of the lateral lobe (C).
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MRI

MRI is widely recognized as a valuable modality
for the diagnosis of tendon, ligament, cartilage, and
bone injuries.15–25 Low-field MRI (0.27T) is gener-
ally performed with the horse standing under seda-
tion and has proven very useful for the diagnosis
and re-evaluation of injuries in the distal limb, and
particularly in the foot. High-field MRI (1.5T or
3T) provides improved image quality and resolution,
but carries the associated risk and expense of gen-
eral anesthesia. For this reason, it is rare to repeat
a high-field MRI for monitoring or re-assessment
unless the horse is unresponsive to therapy and/or
has become increasingly lame despite therapy.
In general, studies comparing the accuracy of low-
field vs high-field MRI for the foot, pastern, and
fetlock regions have found comparable results, with
the exception of lesions of the articular cartilage and
smaller anatomical structures, which were best
visualized on high-field MRI.17,18,24,25 Lastly,
high-field MRI is more commonly utilized for the
diagnosis of injuries localized to the carpus, tarsus,
or proximal suspensory region due to the need for
general anesthesia to avoid excessive motion arti-
facts in these regions.26

Computed Tomography

In equine practice, computed tomography (CT) has
historically been used for the examination of osseous
structures as MRI is considered the gold standard
for soft-tissue imaging. However, when compared
to MRI, CT has been shown to be useful for identi-
fying soft-tissue lesions such as tears in the deep
digital flexor tendon.27–29 In addition, CT arthrog-
raphy has been shown to be a reliable modality in
detecting cruciate ligament injuries in the stifle
when compared to radiography, ultrasonography, and
arthroscopy.30 Contrast-enhanced CT has also been
shown to provide more information on angiogenesis
compared to MRI, which may provide useful informa-
tion regarding prognosis and treatment.31 At this
time, CT typically requires general anesthesia; how-
ever, there has recently been great advancement in
the standing CT technology. As the standing CT
technology becomes more advanced and more widely
available, this modality could be very useful for mon-
itoring sports medicine and rehabilitation injuries
with the benefits of lack of general anesthesia, rela-
tively quick procedure, and information regarding
angiogenesis.

Nuclear Scintigraphy

Nuclear scintigraphy, or bone scans, are widely used
in equine sports medicine for diagnosing not only
osseous injuries but soft-tissue and vascular injuries
as well. In the authors’ practice, nuclear scintigra-
phy can be a useful tool for monitoring and reas-
sessing bone bruises or osseous injuries identified
on MRI without the need for repeat general
anesthesia.32,33

3. Monitoring of Soft-Tissue Injuries

“Simple” Tendon and Ligament Lesions with Overt Fiber

Pattern Disruption

In the authors’ practice, soft-tissue lesions of the
distal limb and outside of the hoof capsule that have
overt fiber pattern disruption are generally moni-
tored every 2– 4 weeks initially during the acute
phase and then every 4 – 8 weeks until healed.
The imaging findings are assessed in combination
with a physical and lameness evaluation. Results
of these examinations guide decision making on re-
habilitation protocols and eventual return to full
work. Typically, an increase in exercise intensity is
made only after a favorable lameness examination
with improvement in healing from the previous
ultrasound examination. In the authors’ practice,
the trainer and/or owner of all horses entering into a
rehabilitation program are given the overall expec-
tation for time to return to full work provided that
the lesion heals well and are counseled on the im-
portance of calm stall rest with controlled exercise.
When needed, long-term sedatives such as reser-
pine34 or trazadone35 are prescribed for the horse
to facilitate this. In addition, the trainer and/or
owner are counseled on the importance of maintain-
ing overall fitness as much as possible during the
rehabilitation period by utilizing mobility, strength
building, and core stability exercises.

Following strict stall rest as needed, controlled
daily walking is generally instituted for 8 weeks
with gradual increases in duration building up to
40 minutes by that 8-week mark. In the authors’
sport horse practice, experience shows that this
(sometimes) is best accomplished under saddle
rather than in hand (depending on what is best for
the safety of the rider and horse) to keep the horse
focused and in the mindset of working. Provided
that the 8-week recheck examination reveals im-
provement or no increase in lesion severity, trotting
is gradually introduced to the rehabilitation pro-
gram starting at very short, straight sets (i.e., long
side of arena) with walking in between for the first
week then gradually increasing weekly with the goal
of 30–35 minutes of trot work with walk breaks by
16 weeks into the rehabilitation program. Ground
poles, or cavalettis, are also gradually introduced
during this trotting period to improve strength and
proprioception and keep the horse engaged in work.
It has been the authors’ experience that trot work is
often required to provide the biomechanical stimu-
lus necessary for appropriate tendon healing and in
particular the regression of vasculature. For this
reason, unless a lesion is very severe and/or has
worsened in terms of size and loss of fiber pattern, it
is rare for the authors to extend the walking period
rather than start the trotting period. After 8 weeks
of trotting, however, the authors look for definitive
improvement in both fiber pattern and regression of
vasculature prior to the start of canter work and/or
work of increased intensity like lateral work depend-
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ing on the horse’s discipline. Persistent hypervas-
cularity at this stage, even with return to normal
fiber pattern, is worrisome to the authors for the
horse’s prognosis and particularly the ability to in-
crease work without further injury. At this stage,
the authors re-evaluate the horse’s rehabilitation
program both in terms of management (i.e., horse
and trainer/owner compliance) and rehabilitation
modalities.

In general, the authors’ preference is for a horse to
be cantering under saddle for 4 weeks and doing
well on recheck examination prior to any turnout in
a sizeable paddock, but understand that this may
not be feasible for all horses depending on temper-
ament, etc. After this point, increase in work in-
tensity is very disciplined and horse-specific but for
all horses the authors like to see complete resolution
of the lesion on gray-scale as well as complete re-
gression of vasculature on Doppler prior to such an
increase. Additionally, the lesion, should appear
“hard” on elastography. Once a horse has returned
to full work, it is common in the authors’ practice to
re-assess the old injury site every 3–6 months or
sooner (depending on severity) to monitor for subtle
signs of re-injury and then adjust work level and/or
rehabilitation accordingly. In particular, the au-
thors utilize Doppler imaging to evaluate for poten-
tial return of vascularity and elastography to assess
for a “softening” of the tendon/ligament that may
precede any changes in fiber pattern.

The above recommendations are basic exercise
components of a rehabilitation protocol. There are
many other options including, but not limited to,
underwater treadmill, salt water spa, vibration
plate, laser, shockwave, and therapeutic ultrasound
that the authors’ utilize depending on the case and
the owners’ desire and financial ability. Where ap-
plicable, these specific modalities and therapies
are discussed below under specific conditions.

Digital Flexor Tendon Sheath Pathology

Pathology within the digital flexor tendon sheath
(DFTS) can be challenging to accurately diagnose,
treat, and rehabilitate. New methods have been
described to better define DFTS pathology such as
standard CT,28 contrast tenography utilizing either
radiography36 or CT,29 saline distension of the
DFTS utilizing ultrasonography or MRI,37 and
dynamic ultrasonography.38,39 In the authors’
practice, it is common to utilize multiple imaging
modalities in addition to tenoscopy in order to best
characterize and treat DFTS pathology as well as
provide owners with an accurate prognosis. Unlike
“simple” tendon and ligament lesions described
above, lesions/tears within the DFTS are at risk of
adhesion formation and restriction from such adhe-
sions and/or palmar/plantar annular ligament con-
striction which cause pain and can substantially
limit performance.39–41 For this reason, rehabilita-
tion of these injuries in the authors’ practice also
includes specific passive and active range of motion

(ROM) exercises. Passive ROM exercises involve a
human moving the limb, and more specifically in
this case, the fetlock joint region through the normal
ROM, while active ROM exercises include walking
in the underwater treadmill42 and walking or trot-
ting over ground poles. Water height in the under-
water treadmill is adjusted on a case by case basis
depending on the horse’s comfort level. In addition,
the authors often utilize therapeutic ultrasound, la-
ser, and friction massage to try to limit and/or pre-
vent adhesion formation, which is associated with
poor prognosis.

Suspensory Branch Pathology

As with most soft tissues, ultrasound is the imaging
modality of choice when evaluating the suspensory
branches. Due to the ease of diagnosis via ultra-
sound, further advanced imaging such as MRI is
usually not necessary. In the authors’ opinion, a
complete radiographic examination of the fetlock re-
gion is always recommended in suspensory branch
cases to determine the full extent of the osseous
changes of the proximal sesamoid bones, fetlock
joint, and potentially splint bones as these changes
can greatly affect prognosis, rehabilitation timeline,
and treatment options. Confirming or diagnosing
suspensory ligament branch disease can be difficult
with many horses having ultrasonographic abnor-
malities that are not necessarily a cause of clinical
lameness.43–45 When trying to determine or con-
firm a suspensory branch lesion as the cause of
lameness and/or an active lesion, besides using clin-
ical judgment such as pain on palpation and positive
flexion test, Doppler is frequently used in the au-
thors’ practice. As previously discussed, there is
little research to support this,12 but in the authors’
experience increasing levels of hypervascularity on
Doppler ultrasound are seen with increasing de-
grees of lameness and therefore suggestive of an
active and clinical injury. An additional imaging
modality that can be useful in suspensory branch
injuries is nuclear scintigraphy. Nuclear scintigra-
phy is helpful to determine the amount of osseous
response to a given lesion as well as again determine
whether the lesion is active.

Typical ultrasonographic abnormalities of suspen-
sory branches are changes in shape, enlargement,
diffuse or discrete fiber abnormalities, and margin
irregularities. Important additional abnormalities
to note, which affect prognosis and rehabilitation
protocols, are insertional fiber changes at the at-
tachment on the sesamoid bones with associated
degree of osseous changes (evaluated in conjunction
with radiographs), and presence and degree of
periligamentous fibrosis. As ligament and bone in-
terfaces are known weak spots in healing, injuries
involving this interface such as resorptive or os-
seous cyst-like lesions, slow the rehabilitation
timeline down as well as decrease prognosis.46

Periligamentous fibrosis is more commonly seen in
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the hindlimbs and is associated with a decreased
prognosis.43,45

In the authors’ practice, all of the previously de-
scribed variations in suspensory branch lesions af-
fect the rehabilitation protocols and modalities that
are instituted. For example, lesions affecting the
osseous structures are more likely to be treated with
bisphosphonates and shockwave therapy. Horses
with periligamentous fibrosis are encouraged to get
therapeutic ultrasound and daily friction massages.
All horses affected with suspensory branch disease
are prescribed ROM exercises, whether it be passive
ROM or active consisting of ground poles and under-
water treadmill exercise; however, these exercises
become even more important in cases with concur-
rent arthrosis of the fetlock joint. Return to work is
determined in a similar fashion as described above
for “simple” tendon and ligament injuries. Osseous
components are followed with radiographic exami-
nation and potentially nuclear scintigraphy as well.

Proximal Suspensory Injuries

Forelimb proximal suspensory ligament injuries are
most commonly diagnosed via ultrasound with the
most common findings being enlargement and fiber
pattern abnormalities. The suspensory ligament
can be a more difficult structure to identify defini-
tive abnormalities on ultrasound, as with the stan-
dard palmar metacarpal approach the medial and
lateral margins are not always visualized and the
normal architecture of the ligament contains fat and
muscle fibers that can create a varied fiber pattern
appearance.47–49 Due to the previously described
difficulties inherent on ultrasound of the suspensory
ligament, other techniques such as nonweight-
bearing examination to visualize the complete
suspensory ligament margins and angle contrast
ultrasonography to help distinguish between fiber
abnormalities, scarring, normal tendon fibers,
and normal fat and muscle fibers have been de-
scribed.47,48 An important part of the ultrasound
examination is the origin of the suspensory ligament
on the palmar metacarpal bone as enthesopathy af-
fects prognosis and rehabilitation.

Radiographic examination of the proximal meta-
carpal region is an important adjunct to the ultra-
sound examination of the suspensory ligament.
Varying degrees of osseous changes of the palmar
third metacarpal bone at the origin of the suspensory
ligament consisting of sclerosis, resorptive change,
avulsion fragment, and stress fractures will change
prognosis and treatment. Other important osseous
structures that should be evaluated with the sus-
pensory ligament are the splint bones. It is pru-
dent to evaluate the suspensory ligament with most
splint bone abnormalities. With exostosis of the
metacarpal bones, it is not always possible to deter-
mine the amount of axial osseous proliferation
radiographically. Ultrasound should be used to
evaluate whether there is impingement into the
suspensory or adhesion formation. In the author’s

practice, rarely is MRI needed to obtain an accurate
diagnosis and prognosis with forelimb proximal sus-
pensory cases. However, it can be useful in cases
that are not responding to treatment or in cases of
re-injury. In cases of axial splint bone prolifera-
tion, MRI can be useful to determine the full extent
of the axial splint bone proliferation and adhesion
formation, as these changes affect prognosis, treat-
ment, and likelihood of re-injury.

To determine the full extent of the bone response,
a nuclear scintigraphy examination can also be help-
ful, especially when evaluating potential stress
fractures or avulsion fragments, which will greatly
affect the rehabilitation protocol requiring pro-
longed rest and potential prognosis. In these cases,
rehabilitation is not only geared towards the af-
fected soft tissues but also the osseous structures as
previously discussed with suspensory branches as
these interfaces can be a major weakness during and
after the healing phase.46

Hindlimb proximal suspensory injuries can be dif-
ficult to both diagnose and monitor.50–53 Subtle
lesions are often hard to detect on gray-scale ultra-
sound examination and neither Doppler nor elastog-
raphy have proven particularly useful in these cases
to date.12 In addition, moderate-to-severe lesions
that are visible on ultrasound can have additional
pathology not always visible on ultrasound that
would substantially change the horse’s prognosis as
well as candidacy for neurectomy of the deep branch
of the lateral plantar nerve. High-field MRI is gen-
erally thought of as the gold standard for making a
diagnosis and for assessing prognosis, because of the
ability of high-field MRI to accurately detect pathol-
ogy of the entire suspensory ligament, including the
tarsal extension commonly called the proximal bun-
dle or accessory ligament of the suspensory liga-
ment, which cannot be visualized well on ultrasound
examination (Fig 3).50,53 Injuries in the tarsal ex-
tension can lead to persistent lameness despite
treatment and even neurectomy as this extension is
proximal to the insertion of the deep branch of the
lateral plantar nerve. Other imaging findings in-
dicative of a poor prognosis include adhesions of
the suspensory ligament to the surrounding soft tis-
sues or bone, which can also be a reason for failure
to respond to neurectomy,51 and advanced bone
changes at the origin of the suspensory ligament on
the plantar aspect of the third metatarsal bone that
can be visualized on both ultrasound and MRI as
well as radiographs if the bone changes are signifi-
cant. It is also important to rule out tarsal disease
in horses that block to the proximal suspensory
ligament region as it is not uncommon for worse
changes to be seen in the tarsus that may affect
future prognosis and treatment options.26,50 Such
imaging findings warrant open discussions with the
owner about realistic expectations for the horse,
particularly when combined with poor conformation
such as a straight hock or dropped fetlock. Proxi-
mal suspensory ligament lesions that are readily
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visualized on gray-scale ultrasound examination
and lack other additional findings on MRI are rou-
tinely monitored as described above for “simple” ten-
don and ligament injuries.

Soft-Tissue Injuries Within the Hoof Capsule

Soft-tissue injuries within the hoof capsule are un-
doubtedly best detected on MRI.15,16,18,19–22 Un-
like high-field MRI, low-field standing MRI is also
commonly used for re-evaluation/monitoring of inju-
ries to structures such as the collateral ligaments
of the distal interphalangeal joint, the deep digital
flexor tendon (DDFT), and the navicular apparatus.
As ultrasonography techniques have advanced, it is
also more commonplace now to be able to detect
injuries within the hoof capsule using ultrasound in
conjunction with the knowledge of the MRI findings.
For example, insertional lesions of the deep digital
flexor tendon diagnosed on MRI can be imaged and

monitored using ultrasound via a transcuneal ap-
proach after thorough paring out of the frog and
soaking of the foot (Fig. 4).54 In the authors’ prac-
tice, proper foot balance and therapeutic shoeing are
a critical part of rehabilitation of soft-tissue injuries
within the hoof capsule and are determined on a
case-by-case basis. In the authors’ experience, a
substantial lesion of a collateral ligament requires
a prolonged rehabilitation period compared to
many other soft tissue injuries and also have a high
likelihood of re-injury. Shockwave and laser are
often utilized but both treatment and follow-up im-
aging are largely determined by lesion accessibility
either inside or outside of the hoof capsule. Simi-
larly, treatment of insertional lesions of the deep
digital flexor tendon are limited in terms of access to
the structure and often carry a poor prognosis in the
authors’ opinion for sustained athletic activity.

4. Monitoring of Bone and Cartilage Injuries

Bone Injuries

Increased use of MRI, particularly in sport horses,
has led to increased findings of bone abnormalities,
including bone marrow edema, sclerosis, and enthe-
siopathy.26,55 While the clinical relevance of some
of these lesions can be difficult to determine, a com-
bination of MRI findings, diagnostic analgesia, and
nuclear scintigraphy can be helpful to both deter-
mine clinical relevance and monitor response to
treatment and rest. A recent study of 166 sport
and pleasure horses undergoing low-field MRI of the
fetlock region found a 76.5% prevalence of bone mar-
row lesions in the distal condyles of the third meta-
carpal bone with the dorsal aspects of the medial
condyle and of the sagittal ridge being most com-
mon.55 Lesion severity was not associated with
lameness localization findings in this study, how-
ever, and the vast majority of the lesions found were
grade 1 lesions extending less than 1/3 of the dorsal
half of the condyle. The bone marrow lesions were
considered the primary cause of lameness in only

Fig. 3. Transverse PD MRI (1.5T) image of a hyperintense sig-

nal (white arrow) within the tarsal extension (accessory liga-

ment) of the suspensory ligament.

Fig. 4. MRI (1.5T) short tau inversion recovery (STIR) sagittal image of the left forelimb foot (A) and transcuneal ultrasound images

(B) comparing the left forelimb and right forelimb impar and deep digital flexor tendon (DDFT) insertion on the distal phalanx.

On both images of the left forelimb, the findings include impar ligament and DDFT insertional desmopathy with a resorptive or

osseous cyst-like lesion (circled in red) at the insertion on the distal phalanx (P3). The navicular bone is labeled NB.
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16% of the horses.55 Another recent study of 103
non-racing horses, primarily western performance
horses, undergoing high-field MRI of the tarsus
found bone marrow lesions of the third tarsal bone
to be significantly correlated to degree of lameness,
while bone marrow lesions in other locations were
not.26 The findings of these studies suggest that
bone marrow edema lesions must be carefully ruled
in or out as the primary cause of lameness in a
patient on a case-by-case basis. For lesions that
are considered the primary cause of lameness, nu-
clear scintigraphy may be helpful for both con-
firming the diagnosis and for determining lesion
resolution following treatment and rest in order to
avoid repeated general anesthetic events for re-
evaluation with high-field MRI, although this is also
an option (Fig. 5). Nuclear scintigraphy may also
be very useful for the monitoring of bone pathology
of the foot previously diagnosed on MRI, including
osseous trauma to the distal phalanx and ungular
cartilages as well as enthesiophytes at the insertion
of the deep digital flexor tendon on the distal pha-

lanx (Fig. 6).32 Generally, the authors’ recommend
a period of 90–120 days of rest and rehabilitation for
bone marrow lesions prior to re-evaluation. Reha-
bilitation often involves the use of underwater
treadmill and/or controlled exercise in soft footing to
limit concussive forces. In addition, the authors’
often utilize vibration plate and pulsed electromag-
netic field therapy on these cases.

Cartilage Injuries and Osteoarthritis

Cartilage injuries are best diagnosed and monitored
via high-field MRI as described above and arthros-
copy when indicated. As cartilage has extremely
poor healing capacity, prognosis and rehabilitation
goals are aimed at limiting progression and restor-
ing a normal joint environment as much as possible.
In these cases, it is important to determine the ex-
tent of associated subchondral bone injury both for
prognosis and rehabilitation timeline, as damage to
subchondral bone will both decrease prognosis and
substantially lengthen rehabilitation time. For all
cases, rehabilitation is focused on preserving joint

Fig. 5. Sagittal (A) and transverse (B) STIR MRI (1.5T) images revealing marked bone edema of the lateral condyle of the left forelimb

third metacarpal bone considered to be the primary cause of lameness. The lesion remained present on recheck examination with

nuclear scintigraphy performed approximately 2 months later (C) but was resolved on nuclear scintigraphy approximately 1 year later

(D). For panels B–D, the lateral aspect of the left forelimb is on the right side of the image.

Fig. 6. Transverse STIR MRI (1.5T) image (A) of a lesion of the lateral lobe of the DDFT at the insertion on the distal phalanx (white

arrow). Nuclear scintigraphy image (B) from a 1-year follow-up examination when a mild left forelimb lameness persisted showing

increased radiopharmaceutical uptake at the insertion of the lateral lobe on the distal phalanx (black arrow).
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ROM and encouraging mobility, which can be
achieved using underwater treadmill in addition to
other modalities. Treatment during an acute in-
jury or inflammatory episode is often treated with a
combination of stall rest, thermal therapy, and
pulsed electromagnetic field therapy. Once inflam-
mation and pain has subsided, consistent exercise is
highly encouraged and in the authors’ opinion many
cases are best managed with open access to
turn-out.
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1. Introduction

Imaging of horses falls into two broad categories:
imaging performed to diagnose the cause of a lame-
ness or performance issue, and imaging performed
to try to predict or rule out lesions that could cause
problems in the future, such as the pre-purchase
exam. Each of these scenarios presents unique
challenges but both require a combination of clinical
experience, scientific review, and educated guesses
to come up with the appropriate answer. There are
two specific steps to take when reviewing images:
1) analysis—find and describe the lesions and iden-
tify what is normal; and 2) synthesis—applying all
the other pertinent details of the horse’s history,
signalment, and clinical exam, and integrating this
information with the imaging findings to weigh risk
and significance. Both of these steps are crucial
and each must be performed in its own right. The
analysis should be undertaken without bias
based on clinical suspicion and be considered a fact-
finding mission. The next step of synthesis is also
essential—without pertinent clinical information,
most imaging findings are of little value.

Many elements can influence the significance of
imaging lesions. One of these elements is the
horse’s discipline. The reason for this is multifac-
torial and includes demands of the sport, breed pre-

disposition, client expectations, and culture, among
other factors. Western performance encompasses a
range of disciplines with different expectations in
terms of speed, agility, and longevity. The inten-
tion is to review common imaging findings that af-
fect horses in these disciplines, what is known and
what is suspected in terms of the significance of
these findings in relation to performance and
lameness.

2. Foot

By far the most commonly imaged area and most
frequently localized source of lameness, the foot is
complex and often requires more than one imaging
modality for complete assessment.1 However, as a
first line, radiographs are not obsolete and still pro-
vide very valuable information.

The Quarter Horse dominates the Western disci-
plines and with that comes certain lesions to which
these horses are prone. In particular, damage
to the navicular apparatus is a primary concern.
There are many radiographic changes that can be
suggestive of navicular changes and have a range
of significance.

Dilated Synovial Invaginations

The synovial invaginations of the navicular bone
should be symmetric between limbs and ovoid or
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triangular in shape. Quarter Horses normally
have smaller synovial invaginations than some
other breeds such as Warmbloods and should be
assessed as such. Even within the breed there is a
range of normal and therefore comparison between
limbs is helpful to identify some changes. The sig-
nificance of dilated synovial invaginations remains
a source of debate and depends on the degree of
change. Recently it has been suggested that syno-
vial invagination dilation may be associated with
synovitis of the distal interphalangeal joint rather
than primary navicular disease, although this con-
cept needs further exploration.2 In the author’s
opinion, mild-to-moderate synovial invagination di-
lation in the absence of other abnormalities in the
bone can be incidental and may not change over
time. Dilation of the synovial invaginations be-
comes a concern when the enlargement results in
cyst-like dilation or extends to the palmar endos-
teum of the flexor cortex. Enlarged synovial in-
vaginations that extend to the palmar aspect can
cause pressure resorption of the flexor cortex, result-
ing in a flexor cortical defect, which is a clinically
relevant finding.

Distal Border Fragments

Quarter Horses are a small component of the popu-
lation in the reported studies regarding the signifi-
cance of distal border fragments. The literature is
mixed on the significance of these findings; the study
with the greatest number of Quarter Horses did not
show a significant relationship between distal bor-
der fragments identified on magnetic resonance im-
aging (MRI) and lameness.3 On MRI, fragments
can be seen on the distal border of otherwise com-
pletely normal navicular bones or can also be a com-
ponent of other navicular apparatus changes. The
significance is likely a continuum of severity with
other changes, and in isolation, these fragments are
not likely to be a primary source of lameness.

Proximal Vascular Channels

Dilation of the proximal vascular supply of the na-
vicular bones can be difficult to identify radiograph-
ically until advanced changes are present, but
observing the shape of the navicular bone on the
lateral view is helpful to identify an increased
concave margin to the proximal border of the na-
vicular bone. This change is more readily identi-
fied with MRI. Dilation of the proximal vascular
channels is rarely found incidentally, in sound
limbs, or in isolation and is an indication of navic-
ular disease that is clinically significant. In-
creased size and number of the proximal vascular
channels has been shown to be associated with
lesions of the flexor cortex and deep digital flexor
tendon.4

Sclerosis

Trabecular and endosteal sclerosis of the navicular
bone are significant indicators of navicular disease

and often accompany palmar fibrocartilage damage
and/or flexor cortical bone loss (Fig. 1). This can be
a challenge for image interpretation as positional
artifacts can mimic sclerosis. As this is a clinically
significant finding when real, it is important to dis-
tinguish artifact from true change. The finding
should be repeatable on both the lateral and skyline
radiograph; if seen on only one view, it is more likely
artifact.

Flexor Cortical Lysis

Flexor cortical erosions are a clinically significant
finding that are routinely associated with lameness.
While small flexor cortex lesions can be found in the
contralateral non or less lame leg on a bilateral MRI
or computed tomography (CT) foot study, it is rare to
find these lesions incidentally in horses that are in
full work and completely sound. While some horses
with these lesions can be serviceably sound and
manageable for a period of time, generally these
lesions progress and often have other comorbidities
such as damage to the deep digital flexor tendon and
navicular bursitis.

Deep Digital Flexor Tendinopathy

Damage to the deep digital flexor tendon can occur
in conjunction with navicular disease or in isolation.
While horses can manage for a while with some
degree of tendon damage, lesions often progress or
worsen with continued work. Dorsal border fray-
ing is most frequently found at the level of the prox-
imal recess of the navicular bursa and has been
reported to have improved likelihood for return to
work than other lesions types.5 Deep digital flexor
tendon damage is much more likely to be found in
lame horses than sound horses, indicating that it is
rarely an incidental finding.6 An important prac-
tice note is that deep digital flexor tendon core le-

Fig. 1. Navicular skyline view of an 8-year-old Quarter Horse

used for roping. Radiographic changes include marked sclerosis

of the spongiosa, decreased corticomedually distinction and lu-

cencies consistent with flexor cortical lysis medial and lateral of

the sagittal ridge.
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sions or splits at the level of the pastern often extend
distally into the foot; therefore, if a deep digital
flexor tendon tear is found on pastern ultrasound, an
MRI is warranted to further investigate the extent
of disease.

3. Pastern

Osteoarthritis of the pastern joint is of variable clin-
ical significance and moderate changes can be found
in the absence of lameness. Subchondral bone ly-
sis, subchondral cystic lesions, and joint space nar-
rowing are more likely to be significant.

4. Fetlock

The fetlock generally does not receive the same at-
tention in Western horses as in racehorses and Eng-
lish sport horses. While a less common area of
injury, there are still lesions of significance that
pertain to Western performance horses. Evidence
of osteoarthritis of the metatarsophalangeal joint
may be of greater significance in team roping heel-
ing horses, which are more prone to changes in this
joint and to hind-limb lameness than heading
horses.7 Fetlock osteoarthritis is of variable clini-
cal significance. Fetlock radiographs often do not
adequately depict the degree of pathology in the
joint, so horses that block to the fetlock and do not
have sufficient radiographic changes to explain the
lameness often benefit from MRI. Subchondral
bone damage of the fetlock joint presents a manage-
ment challenge and can result in long-term lame-
ness. Western pleasure and competitive trail
horses are more prone to repetitive stress injuries,
including of the fetlock jointa; therefore, changes in
this joint should be examined more critically in this
population.

5. Forelimb Suspensory Apparatus

Reining and cutting horses have a propensity to
develop forelimb suspensory ligament injuries.
In cutting horses, the degree of lameness and sever-
ity of the suspensory ligament injury has not been
shown to affect likelihood of return to work or earn-
ings in limited age events, with 22 of 30 in the study
returning to work.8 However, it was not deter-
mined by the study whether these horses still had
some degree of lameness despite the positive perfor-
mance outcome.

The most common manifestation of suspensory
ligament desmopathy is ligamentous enlargement
(Fig. 2). This enlargement persists even after the
resolution of the clinical signs; therefore, suspensory
ligament changes found on ultrasound have to be
correlated with lameness evaluation to assess sig-
nificance. Bone marrow lesions (often called bone
bruises) of the third metacarpal bone at the suspen-
sory ligament origin are almost always of clinical
significance. These require MRI for identification.
Some horses that block to the proximal suspensory
region can have almost no ligament change and
almost all of the pathology is related to the bone.

In such cases, these horses may have relatively nor-
mal ultrasound findings and MRI can be valuable
for detecting the primary source of lameness.

6. Superficial Digital Flexor Tendon

Older Quarter Horses have been reported to suffer
more from damage to the proximal aspect of the
forelimb superficial digital flexor tendon with a low
rate of return to work.9 Western performance
horses are less likely to develop a classic core lesion
and more frequently have peripheral tendon tears.
This pattern has been reported in cutting horses in
the mid metacarpus with good rate of return to work
(82%) and low recurrence rate (18%).10 In the au-
thor’s experience, the reinjury rate seems to be
higher in reining horses, who tend to get lesions that
“zipper” or extend up or down from the original
injury site. It is crucial when performing the ultra-
sound scan to extend the range of the ultrasound
into the carpal canal to avoid missing lesions that
are clinically significant. Therefore, the signifi-
cance of superficial digital flexor tendon injuries
should be weighed more heavily when they are in
the proximal metacarpus and/or carpal canal and
when reining horses are affected.

7. Carpus

Similar to the fetlock, the carpus receives less atten-
tion in Western horses. Carpal arthritis has been
reported as a low percentage as a cause of lameness
in barrel horses.11 While it is certainly a less com-
mon cause of forelimb lameness than foot-related
pain, barrel horses are prone to more severe osteo-
arthritis of the carpus compared to other Western
performance disciplines (Fig. 3). Often these horses
are able to manage mild-to-moderate osteoarthritis
of the carpus and may not present for carpal-related
lameness until the changes are more advanced.
This is important in relation to longevity and client
expectations for career length; a barrel horse with

Fig. 2. Transverse, non-weight bearing off-angle ultrasound of a

cutting horse with lateral to the left. The suspensory ligament is

diffusely enlarged with palmar displacement of the fat and mus-

cle bundles (arrows).
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milder carpal osteoarthritis may be able to run for
many years before it becomes performance limiting.
Although not proven in the literature, it seems that
off the track Quarter Horses that have raced longer
and are then used as second career barrel horses
may be more prone to carpal diseaseb.

Reining horses can have repetitive osseous stress
and sclerosis of the third carpal bone, similar to that
of racehorses, and therefore including a skyline view
of the carpus is warranted in these horses with
lameness localized to the carpus.

8. Elbow and Shoulder

While not specific to the Western performance horse,
subchondral bone injury, osteochondrosis, and os-
teoarthritis of the elbow and shoulder do not tend to
be well tolerated and findings of disease in these
joints is usually clinically significant.

9. Hind Suspensory Apparatus

Hind-limb suspensory ligament disease affects all
disciplines but is particularly problematic in cut-
ting12 and reining horses. In rope horses, more
suspensory injuries have been reported in heading
horses than heeling horses.13 Lameness due to
suspensory ligament damage can be challenging to

definitively diagnose because of the overlap in block-
ing patterns and propensity for Western perfor-
mance horses to have concurrent distal tarsal
disease. A retrospective review of tarsal/metatar-
sal MRIs predominantly of Western performance
horses found that almost 47% of the horses that had
lameness resolve with diagnostic analgesia of the
proximal suspensory ligament (PSL) actually had
more distal tarsal changes than changes to the
PSL.14

Ultrasound of the PSL is the most common diag-
nostic imaging modality. It is the author’s firm
opinion that an ultrasound of the PSL must include
assessment of the ligament with the limb nonweight
bearing. Similar to the forelimb, the most common
manifestation of PSL desmopathy is enlargement
and this will persist even when clinical signs re-
solve; therefore, it must be correlated with the
results of the lameness exam. Similar bone re-
sorption and proliferation of the plantar cortex will
also persist even when lameness resolves. The se-
verity of ligament and metatarsal (MT3) changes
have not been found to significantly correlate with
the degree of lameness.14 In a retrospective review
of tarsal and metatarsal MRIs in cutting horses, 9 of
17 horses diagnosed with PSL disease on MRI did
not return to work. There was no association be-
tween severity of lesions and the likelihood to return
to work or the degree of lamenessc. The surprise
being that one cannot predict outcome based on the
severity of the injury.

10. Tarsus

Distal tarsal osteoarthritis is a major contributor to
hind-limb lameness in Western horses across all
disciplines. However, there is a fairly large range
of clinical significance of tarsal changes, which can
make them a challenge to interpret. In the juvenile
horse, dorsal wedging or malformation of the tarsal
bones indicates an increased likelihood of develop-
ing osteoarthritis and should be noted as a risk.
The distal intertarsal joint is more prone to ankylo-
sis than the tarsometatarsal joint. The earlier
phases of ankylosis, particularly when accompanied
with subchondral bone lysis, are more likely to re-
sult in lameness, in the author’s opinion. Once
physiologically fused, the distal intertarsal joint will
have marked radiographic changes but may not be
clinically significant. The author is also of the opin-
ion that lysis that extends to the plantar aspect of
the joint and involves the second and/or fourth tar-
sal bone tends to cause more severe or difficult-
to-manage lameness than changes confined to the
dorsal aspect of the joint.

Sclerosis of the central and third tarsal bones is a
normal physiologic adaptive response—to a point.
Once the bones become moderately to severely scle-
rotic, the risk of fracture increases. In particular,
barrel horses and rope horses seem more prone to
central tarsal bone fractures than some of the other
disciplines, perhaps related to speed work and turn-

Fig. 3. Flexed lateral view of the carpus in a 7-year-old barrel

horse. There are multiple osteochondral fragments of the radio-

carpal joint, including in the palmar aspect of the joint (circle).
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ing. These horses have a common presentation of
coming up acutely, moderately to severely lame
while working and often have no soft tissue swelling
or other localizing signs. The most common orien-
tation of the central tarsal bone slab fracture
precludes its identification on a standard four-view
tarsal series, risking missing the significant diagno-
sis.15 A dorsal 20–30° medial-plantarolateral
oblique view is the optimal view for identifying this
particular type of fracture and should always be
included when the history suggests this type of
injury.

Bone marrow lesions (“bone bruises”) of the distal
tarsal bones will have uptake on a bone scan but
require MRI to accurately localize and characterize
the lesion. Horses with tarsal bone marrow lesions
have variable lameness and may improve to diag-
nostic analgesia of the PSL, distal tarsus, or may
require a peroneal tibial nerve block. These lesions
can be seen along with other tarsal changes but also
can be found in horses with otherwise completely
normal tarsi, likely as a result of trauma.

11. Stifle

Stifle injuries are found among all disciplines but
cutting horses in particular suffer from stifle dis-
ease, primarily affecting the medial femoral tibial
joint. Subchondral bone defects and cysts of the
medial femoral condyle found on screening radio-
graphs of cutting horses have not been found to be
associated with decreased performance outcome.16

However, this study had a limited number of horses
with more severe condylar lesions and also lameness
data were not known, therefore the long-term out-
come of these changes still remains somewhat un-
known and controversial.

Optimally if a subchondral bone defect is identi-
fied, the horse should undergo an ultrasound to as-
sess for other changes in the joint. If the joint is
otherwise relatively normal without synovitis and
no more than mild-moderate effusion, the defect is of
questionable significance, particularly if the horse
is already in work. Many working cutting horses
carry some effusion in the joint and if the joint
capsule is not thick and there is not synovial prolif-
eration, the fluid can be incidental.

Horses can have mild osteophytes of the medial
tibial condyle incidentally found on radiographs.
However, further osteoarthritic changes of the me-
dial femoral tibial joint including osteophytes of the
axial or abaxial margins of the medial femoral con-
dyle and sharp elongation of the medial tibial inter-
condylar eminence are usually clinically significant
findings and are uncommonly found on screening
exams of sound, unmedicated horses (Fig. 4).

In the author’s opinion, tears of the medial menis-
cus and medial cranial meniscotibial ligament are
also rarely incidental and are typically found in con-
junction with other joint disease such as synovitis
and osteoarthritis. When found with articular car-
tilage damage and other joint disease, the prognosis

for return to work lessens.17 In studies that in-
cluded all or the majority Western horses, reported
rates of return to full work for horses with meniscal
damage ranged from 38%18 to 29%.17 Mineralization
of the medial meniscus is a poor prognostic indicator
and when found radiographically should be further
explored with ultrasound and/or arthroscopy.

Injuries to the lateral femoral tibial joint are rel-
atively rare in comparison to the medial, but can
occur either in isolation or in conjunction with me-
dial femoral tibial joint pathology. Effusion of the
lateral femoral tibial joint is typically not seen inci-
dentally and is generally suggestive of stifle pathol-
ogy, either diffusely due to communication of joint
pouches or originating from the lateral femoral tib-
ial joint.

12. Axial Skeleton

Overall, the axial skeleton receives less attention in
Western than English sport horses. Interest in cer-
vical lesions is increasing but there is a dearth of
information about how this is manifested specifi-
cally in Western horses.

Barrel horses are more likely than other Western
disciplines to be assessed and treated for back prob-
lems, particularly impinging spinous processes of
the thoracolumbar spine.19 Impinging spinous pro-
cesses are of variable clinical significance and even
marked radiographic abnormalities can be clinically
incidental. The combination of radiographic abnor-
malities, evidence of back pain and, when possible to
acquire, increased uptake on a bone scan, improves
the likelihood that the changes are significant.

Fig. 4. Caudo-cranial view of the stifle with severe axial and

abaxial osteophytes of the medial femoral condyle, osteophyte of

the medial tibial condyle, elongation of the medial tibial intercon-

dylar eminence and resorption of the fossa of the medial cranial

meniscotibial ligament.
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13. Conclusion

It is important to understand the individual West-
ern performance disciplines and the demands they
place on the horses, which can affect the impact of
radiographic abnormalities in terms of performance
and outcome. Additionally, each discipline comes
with its own culture and expectations, which can
also affect how radiographic finding are weighed.
Finally, utilize the two-part process of image
interpretation—objective assessment followed by
individual synthesis for the most accurate evalua-
tion of the significance of the radiographic findings.
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1. Introduction

Equine athletes, or performances horses, are a
unique group of horses who require a more nutri-
ent-dense diet than their idle or maintenance
counterparts. Although the term is not well de-
fined, most consider a horse an athlete or perfor-
mance horse when they are in moderate, heavy, or
very heavy work, which is defined as riding with
an elevated heart rate (�90 beats per minutes) for
�3 hours each week with a combinations of inten-
sities ranging from speed work to slow work to
other skilled work (e.g., jumping).1 A 500-kg ma-
ture horse in moderate to very heavy exercise
requires 23 to 34.5 Mcal of digestible energy (DE)
each day compared to an idle horse of the same
weight who needs only 15 Mcal daily.1 The re-
quirement for other nutrients, including amino
acids, vitamins, and minerals, also increase with
exercise.1 To achieve this level of nutrition, per-
formance horses are commonly fed grains and con-
centrates; however, forage should still make up at
least half of the ration, or more when possible.1,2

Therefore, equine practitioners often need to ad-
vise performance horse owners and managers on
the selection of forages, whether as pasture, hay,
or other alternatives.

2. Selecting Pasture Forages

Many owners like to maximize pasture access due to
the benefits of grazing, including socialization, exer-
cise, and a reduction in the incidence of colic,3 gastric
ulcers,4 stereotypical behaviors,5 and osteochondritis
dissecans in growing horses.6 Most well-managed
pastures can meet the nutritional needs of adult
horses up to moderate exercise, with voluntary dry
matter intake (DMI) ranging from 1.5 to 3.1% of
bodyweight (BW).1 However, the nutrient value of
pasture forage is highly variable and depends on
grazing height,7 management (e.g., fertility),8 forage
species,9–13 time of day,14 season,14–16 and environ-
mental conditions.17,18 For example, in Minne-
sota,10,11 different forage types were evaluated for
nutrient values by grazing horses, including cool-
season grasses, alfalfa (Medicago sativa L.), and teff
(Eragrostis tef [Zucc.] Trotter) (Table 1). Teff, an
annual warm-season grass, consistently had a lower
equine DE and crude protein (CP) and greater
amounts of neutral detergent fiber (NDF) on a dry
matter (DM) basis than alfalfa and cool-season
grasses.10,11 Although teff had lower CP, only
plasma threonine concentration was lower after 4
hours of grazing, with no effect on protein synthesis
of cultured equine satellite cells, indicating that
amino acids were absorbed or available in sufficient
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amounts regardless of differences in the forage
species.10

If an increase in pasture nutrient density is de-
sired, improvements should be made to pasture
management, including avoidance of over-grazing,
fertilizing according to soil tests, controlling weeds,
and implementing a rotational grazing system.
Additionally, legumes (e.g., alfalfa) can be seeded
into pastures to increase DE, and longer periods of
grazing can be offered to increase voluntary in-
take.20 Interestingly, Glunk et al20 found that re-
stricting pasture access accelerated pasture intake,
especially for horse grazing �9 hours each day.

Unfortunately, it is not usually practical for per-
formance horses to graze continuously due to train-
ing and show schedules. Table 2 outlines the
estimated DE intake of adult horses grazing the
forages described in DeBoer et al.10,11 at various
DMI. If a performance horse in heavy work is able
to meet their DE needs through grazing 2.5% of
their BW, then most other nutritional needs, includ-
ing trace minerals, are usually met.1 However, be-
cause all forages are deficient in sodium, a white salt
block or lose salt should always be provided. Pro-
ductive pastures should be �75% desired forage
cover with pasture heights of 15 to 20 cm.7–13 Al-
though it is not common to graze pure legumes,
grazing alfalfa pastures with DMI �2.0% BW could
meet the energy demands of horses in moderate
to very heavy exercise.1 Horses in moderate to

heavy work with DMI of �2.5% BW grazing cool-
season grass or teff pastures could meet their DE
through grazing. However, horses in very heavy
work would not meet their DE requirements by
grazing teff or cool-season grass pastures and would
require supplementation. This example demon-
strates the importance of both DMI and forage spe-
cies in maximizing DE when grazing performance
horses. Although DMI can be challenging to esti-
mate, most horses grazing for 15 hours a day can
consume between 1.4 and 2.5% BW depending on
the time of year and pasture forage availability.19

Interestingly, restricting pasture access has been
shown to accelerate pasture DMI rate, especially for
horses grazing for �9 hours per day.20

3. Selecting Hay

Hay is commonly fed to all classes of horses. Sim-
ilar to that in pasture, nutrient density is deter-
mined by forage species, management conditions
(e.g., fertility), and maturity at which the hay is
harvested. Selecting hay for performance horses
comes down to both physical evaluation and chemi-
cal analysis.

Physical Analysis

All horses’ hay should be physically evaluated for a
number of characteristics, including the following:

1. Species. Knowing the forage species present
in the hay is important because different
forages contain different amounts of nutri-
ents.21 As an example, Table 3 outlines his-
torical averages and ranges of some forage
nutritive values based on the major forage
types, including cool-season grasses, legumes
(e.g., alfalfa), Bermudagrass (Cynodon dacty-
lon L., warm-season perennial grass), and oat
(Avena sativa L., cool-season annual grass)
hay tested by Equi-Analytical (Ithaca, New
York). Although forage identification takes
time and practice, being able to identify ben-
eficial forages also helps to rule out hay in-
fested with weeds and toxic plants.

2. Maturity. Some experts will argue that for-
age maturity when the hay is harvested is the
greatest driver of nutrient value. However,
it is likely a combination of both species
and maturity. More mature hay tends to be
higher in structural fiber components of NDF
and acid detergent fiber (ADF) and lower in
DE.21,22 Signs of maturity are larger stems,
taller plants, and more seed heads (in grasses)
and flowers (in legumes).

3. Touch. Hay should be soft to the touch.
Horses have sensitive mouths, lips, and
tongues, and forages that are excessively
rough can deter and limit ingestion. Rough-
ness can be a result of excessive maturity,
abrasives seeds heads (e.g., foxtail, Setaria
species),23 and plants with spines (e.g., this-

Table 2. Estimated Amount of Equine Digestible Energy Intake Per Day

for a 500 kg Mature Horse with Increasing Amounts of Dry Matter Intake

of Different Pasture Forages1

Dry Matter Intake (% BW2)

1.5 2.0 2.5 3.0

Equine DE (Mcal)

Alfalfa 17 23 29 35

Cool-Season Grasses 17 22 28 33

Teff 15 20 25 30

1Equine DE summarized from DeBoer et al.10

2BW, body weight; DE, digestible energy.

Table 1. Forage Nutritive Value (on a Dry Matter Basis) for Alfalfa,

Cool-Season Grass, and Teff Grazing by Horse During the Summer (July)

in Minnesota

CP1 ADF NDF Equine DE

% DM Mcal/kg

Alfalfa 22a 35a 46c 2.3a

Cool-Season Grasses 24a 30b 53b 2.2b

Teff 14b 37a 67a 2.0c

a-cWithin a column, means without a common letter superscript
differ based on a Tukey test (� � 0.05).

1CP, crude protein; ADF, acid detergent fiber; NDF, neutral
detergent fiber; DE, digestible energy; DM, dry matter.
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tles and Cirsium species). Staniar et al22

found a negative correlation between horse
intake and maturity of teff hay.

4. Color. A rich, green color can indicate highly
palatable hay with readily digestible nutri-
ents. However, professionals should not get
too hung up on color. Hays with a bleached
or faded color usually correlate with longer
drying times, rainfall while in the windrow, or
storage in sun-rich locations. Interestingly,
rained-on hay may be a suitable forage if the
rain occurred soon after cutting, the rain was
a single or short event, the rain intensity
was higher versus a longer or lower intensity
event, and the forage was not re-wetted many
times.24 Regardless of color and rainfall,
most hays will be lacking in vitamins and
some minerals, which require supplementa-
tion for all classes of horses.1 Therefore, it is
best to have faded, and especially rained-on,
forage analyzed.

5. Smell. All horse hay should smell clean and
free of mold and dust. Horses are highly sen-
sitive to dust and mold particles found in
hay,25 which when inhaled can result in respi-
ratory problems.26 It has been suggested that
hay containing less than 1,000,000 cfu/g is con-
sidered relatively safe for livestock.27 How-
ever, it is generally accepted that horses are
more susceptible to health issues as a result
of mold exposure; therefore, it has been sug-
gested that horse hay have no more than
500,000 cfu/g of mold.28 If concerns about
mold arise, a laboratory analysis can deter-
mine mold levels. To reduce the impact of
spore inhalation during feeding, current man-
agement strategies include soaking for �15
minutes29 or steaming30 hay. Regardless, hay
exceeding 500,000 cfu/g of mold should not be
fed to horses.

6. Toxic Plants. All hay should be completely
free of toxic plants. Most experts agree that
non-toxic weeds should make up less than
10% of hay due to the lower nutrient profile of
non-toxic weeds. Unfortunately, there is no
chemical test or forage analysis that can iden-

tify toxic plants or non-toxic weeds; this must
be done through physical evaluation.

Chemical Analysis

Many laboratories across the United States can
evaluate hay for nutrient values; however, profes-
sionals should ensure the laboratory offers an
equine DE estimation and an evaluation of compo-
nents used to estimate nonstructural carbohydrates
(NSCs). Additionally, it is equally important that a
representative sample is submitted to the labora-
tory. Commonly suggested guidelines for most for-
age nutritive values exist, but research correlating
their use in horse diets is lacking. Some of the
forage nutritive values commonly used when evalu-
ating horse hay include the following:

1. Moisture. Moisture at the time of baling is
directly correlated to the formation of mold.28

To basically eliminate the risk of mold forma-
tion in the bale, hay should have �15% mois-
ture at the time of baling. In the absence of
wrapping and propionic acid use, hays over
17% moisture have a high probability of mold-
ing, whereas hays over 25% moisture pose the
threat of severe heat damage and serve as a
potential fire hazard.28

2. Crude Protein. CP is a measure of the pro-
tein concentration in the hay and an estima-
tion of amino acid content. CP varies based
on a number of factors, including species (Ta-
ble 3), maturity,22 and soil fertility.8 A horse
in moderate to very heavy work requires �768
g of CP each day. Using average CP values
in Table 3 and NRC requirements,1 it is high-
lighted that horses would need to consume 4
to 5 kg of legume hay to meet the CP needs of
horses in moderate to very heavy work. In
comparison, these same horses would need to
consume 10 to 13 kg of oat hay to meet their
needs.

3. Acid Detergent Fiber. ADF is a measure-
ment of the insoluble fiber, including cellulose
and lignin.31 As the plant matures, ADF val-
ues increase:21 therefore, ADF can also be
used as an indicator of maturity. Although

Table 3. Historical Means (with Range) of Nutrient Values of Common Dried (e.g., Hay) Forage Types Tested at Equi-Analytical (Ithaca, NY)2

CP1 ADF NDF Equine DE RFV

% DM Mcal/kg

Legume 21 (19–24) 31 (27–34) 39 (34–44) 2.6 (2.2–2.7) 159 (132–186)

Cool-Season Grasses 11 (7–15) 39 (34–43) 62 (55–69) 2.0 (1.8–2.2) 89 (73–105)

Bermudagrass 11 (8–14) 35 (31–39) 66 (62–71) 2.1 (2.0–2.2) 87 (77–95)

Oat 8 (5–11) 37 (32–42) 59 (52–65) 1.9 (1.8–2.2) 97 (80–112)

1CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; DE, digestible energy; RFV, relative feed value; DM,
dry matter.

2Values retrieved from https://equi-analytical.com/interactive-common-feed-profile/ on 01/29/2020.
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no dietary requirements for ADF in the
horse’s diet have been established, many
agree that ADF indicates nutrient digest-
ibility,32 with ADF �45% indicating accept-
able nutrient digestibility. However, others
claim that ADF is not valid for predicting
digestibility.31

4. Neutral Detergent Fiber. NDF is a measure-
ment of the insoluble fiber, including hemicel-
lulose, cellulose, ligno-cellulose, and lignin.31

As the plant matures, NDF values increase
because the insoluble fibers provide the plant
with strength and rigidity as it grows9; there-
fore, NDF can also be used as an indicator of
maturity. Although no dietary requirements
for NDF in the horse’s diet have been estab-
lished, many suggest NDF values of �65%
will maximize horse intake. NDF has been
negatively correlated with horse intake in
both hay22 and pasture.9 Warm-season
grasses tend to be higher in NDF than cool-
season grasses9 due to known differences in
cell wall content; however, warm-season
grasses are commonly fed to all classes of
horses.22,33 Increasing the digestibility of
warm-season grasses is best accomplished by
harvesting hay in an earlier stage of growth
and keeping pastures in a vegetative or more
immature growth stage.33

5. Equine DE. Measurement of DE in the hay
is used to balance the energy portion of the
equine diet. A 500-kg mature horse in mod-
erate to very heavy exercise requires 23 to
34.5 Mcal of DE each day.1 Table 4 outlines
the estimated DE intake of adult horses
consuming hay at various DMI using DE val-
ues summarized in Table 3. Due to their in-
creased energy requirements, performance
horses are commonly fed legume hays or le-
gume mixed hays. Consuming �2.0% BW le-
gume hay would meet, or exceed, the energy
demands of horses in moderate to very heavy
exercise.1 Horses in moderate to heavy work
with DMI of �2.5% BW consuming cool-sea-

son grass, Bermudagrass, and oat hays would
meet their daily DE requirement. However,
horses in very heavy work would not meet
their DE requirements by consuming these
hays. Similar to pasture, this example dem-
onstrates the importance of both DMI and
forage species in maximizing DE when feed-
ing performance horses hay.

6. Relative Feed Value. Relative feed value
(RFV)34 is commonly used when selecting hay
intended to feed cattle but is not commonly
used when assessing horse hay. Generally,
RFV can be used as a guideline in identifying
hay quality because greater RFVs tend to re-
flect higher quality hays with greater intake
and digestibility potential.

Other nutrient values can be tested for in forage,
including NSC components, vitamins, and minerals.
Vitamin and mineral requirements do increase with
workload.1 Although NSC requirements have not
been established for performance horses, dietary
guidelines have been suggested for horses with poly-
saccharide storage myopathy35 and insulin resis-
tance.36 In these cases, complete diets with �10
and 12% NSC have been suggested for horses diag-
nosed with polysaccharide storage myopathy and
insulin resistance, respectively.

4. Conclusions

Performances horses require a more nutrient-dense
diet; therefore, professionals should focus on select-
ing legumes or less mature forages for these horses.
In pastured performance horses, this means maxi-
mizing grazing time and access to well-maintained
pastures that include more nutrient-dense forages,
including legumes. When selecting hay, physical
evaluation should include identification of the spe-
cies and maturity and sensory evaluation for touch,
smell, and color. Although loosely defined, com-
monly accepted chemical analysis of better quality
hay include mold counts of �500,000 cfu/g, moisture
of �15%, ADF of �45%, and NDF of �45%. CP and
DE requirements for performance horses are well
defined and tend to be more easily met when feed-
ing alfalfa hay, mixes, or less mature grass hays.
Although the focus of this paper is forage selec-
tion, care should be taken prior to feeding forages
(and grains and supplements) to ensure a bal-
anced ration.
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Table 4. Estimated Amount of Equine Digestible Energy Intake Per Day

for a 500 kg Mature Horse with Increasing Amounts of Dry Matter Intake

of Different Hay Types1

Dry Matter Intake (% BW2)

1.5 2.0 2.5 3.0

Equine DE (Mcal)

Legume 20 26 33 39

Cool-Season Grasses 15 20 25 30

Bermudagrass 16 21 26 32

Oat 14 19 24 29

1Equine DE taken from Table 3.
2BW, body weight; DE, digestible energy.
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1. Introduction

A performance horse is one that is regularly given
forced exercise. The intensity and duration of
exercise varies greatly with different types of
performance activities or disciplines. Nutrient
requirements for horses performing different in-
tensities of exercise have been established and
classified under the intensities of light, moderate,
heavy, and very heavy.1 The nutrient require-
ments for energy, protein, macro minerals, trace
minerals, and vitamins are different for horses
performing these different intensities of exercise.
This creates a need to select different concentrates
depending on type and duration of exercise. Feed
companies manufacturing concentrates for perfor-
mance horses will vary the amounts of essential
nutrients, and even the sources of these nutrients,
to satisfy the nutrient requirements of the perfor-
mance horse and to appeal to consumers. Feed
manufacturers will also write feeding instructions
to account for horses performing at different in-
tensities. The challenge for the consumer, and
ultimately for the veterinarian assisting the
consumer, is to determine which concentrate is
best suited for that individual horse or group of
horses.

2. Forage

The topic of selecting a forage for performance
horses has been previously discussed in these Pro-
ceedings.2 However, it is important to re-empha-
size that high-quality forage (baled hay, pasture,
hay cubes/pellets, chaff) can be a rich source of en-
ergy, protein, minerals, and vitamins for perfor-
mance horses. If performance horses are getting a
large proportion of essential nutrients from con-
sumption of high-quality forage, the horse will re-
quire less supplemental concentrate to satisfy the
requirements for those nutrients. Previous studies
have highlighted that feeding increased volumes of
grain increase the risk of digestive upset;3 thus,
feeding the minimum amount of concentrate neces-
sary to satisfy nutrient requirements and maintain
proper body condition can have a positive impact on
health. Selection of different forage type and the
timing of specific forage-type meals have also been
reported to have a positive influence on minimiz-
ing the risk of developing equine gastric ulcer
syndrome in performance horses.4 – 6 Therefore,
it is recommended that all performance horses be
fed free-choice, high-quality forage. Once the im-
pact and nutrient contribution of the forage por-
tion of the diet is known, the diet can be
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complemented with the proper concentrate for the
performance horse.

3. Nutrient Requirements of Performance Horses

All performance horses require energy, protein, min-
erals, and vitamins. The requirements for these
essential nutrients have been established by peer-
reviewed science, with a complete review of the re-
quirements available from the National Research
Council.1 The nutrient requirements of horses are
expressed on a body weight (BW) basis as the
amount of nutrient required per day. As the inten-
sity and duration of exercise increase, the require-
ments for these essential nutrients generally
increase. For example, a 500-kg horse in light ex-
ercise would have a digestible energy requirement of
20 Mcal/day. Increasing the intensity to moderate
exercise results in a 16.5% increase in digestible en-
ergy requirement to 23.3 Mcal/day.1 Nutrient re-
quirement for protein, minerals, and vitamins also
increase with exercise intensity. To satisfy the nutri-
ent requirements of a performance horse as it moves
from light exercise to exercise of higher intensity and
duration will require the selection of a concentrate
capable of delivering more nutrients. To evaluate the
nutrient profile of the concentrate, a reliable source of
information exists in the text of a concentrate feed tag.

4. Nutrient Profile of Concentrates—The Feed Tag

Concentrates formulated for horses will have differ-
ent amounts of energy, protein, fat, fiber, minerals,
and vitamins. Horse feed manufacturers in the
United States are required by law to have a feed tag
indicating select nutrition data. The exact data
and method of listing data is controlled by individual
states under the umbrella of the Association of
American Feed Control Officials (AAFCO).7 Re-
quired information on an equine feed tag includes
product name, purpose statement, guaranteed analy-
sis, ingredient listing, feeding directions, manufac-
turer’s or distributor’s name and address, and
weight statement. An equine feed tag gives a reg-
ulated, reliable means of making product compari-
sons and serves as the initial basis for making
product selections. While the feed tag contains a
significant amount of information, there are several
items to review that will make selecting a concen-
trate for a performance horse easier.

Purpose Statement

The purpose statement indicates the class of horse
for which the concentrate was formulated. Concen-
trates for horses will have one of the following in-
tended purposes: growing, broodmare, maintenance,
or performance. If regular forced exercise is being
conducted, the horse should be fed a concentrate
intended for a “performance” horse. Feeds de-
signed for growth, pregnancy/lactation, mainte-
nance, or seniors are not targeted toward the
nutrient requirements of a performance horse and
therefore they are not the best choice. For exam-

ple, feeding an adult performance horse with good
dentition a low-calorie, complete “senior” feed at a
rate below manufacturer’s feeding guidelines is not
appropriate. A complete senior feed is designed for
a horse with poor dentition and contains a high fiber
content, low calorie content, and low nutrient forti-
fication, which is not suitable for a performance
horse. Complete feeds are intended to fully or par-
tially replace the forage portion of the diet. Since
complete feeds are formulated and fortified to replace
forage in the diet, the feeding rates of these products
are typically very high in the range of 1%–1.5% of
BW/horse/day. This high recommended daily intake
makes feeding below recommended levels probable
when horses still have access to hay. Even if the
performance horse does not require an abundance of
calories (energy) these complete senior feeds do not
contain the proper vitamin/mineral fortification when
fed below manufacturers’ feeding recommendations.

Guaranteed Analysis

The guaranteed analysis will give nutrient content
of a concentrate in standard units of measure.
The guaranteed analysis from one feed can then be
easily compared to another feed. It must be under-
stood that guaranteed analysis statements do not
include all of the nutrients in a feed. For example,
one item that is not listed as part of the guaranteed
analysis statement is energy (calorie) content of the
feed. AAFCO’s omission of an energy value for feed
makes it difficult to determine suitability of feeds for
horses exercising at different intensities. The en-
ergy (calorie) content of feed can be acquired directly
from the feed manufacturer, if requested. How-
ever, other information on a feed tag will give clues
to the energy content of the product. For example,
feeds with higher levels of crude fat will generally
have a higher calorie content compared to feeds with
lower fat content. When sugar levels of feed are
listed, feeds with higher sugar will have a higher
energy content compared to lower sugar feeds, pro-
vided the levels of fat are the same. Items to pay
attention to on the guaranteed analysis include
crude protein, crude fat, crude fiber, calcium, phos-
phorus, and vitamin E. For performance horses,
the target crude protein should be a minimum of
11%–13% since protein and amino acids are vital for
both development and repair of muscle and bone.
A minimum crude fat level of 6% is desired, since fat
is a safe, effective energy source for performance
horses. The crude fiber guarantee is more difficult
to interpret since fiber can originate from “hay”
sources or from “super fiber” sources such as beet
pulp and soybean hulls. The energy value is much
higher with super fiber sources of fiber compared
to hay sources of fiber. Generally, the ingredient
statement can be referred to for the identification of
fiber sources. If the feed does not include super
fibers, the fiber content of a performance feed should
be less than 15%. If super fibers are included in the
ingredient statement, an acceptable fiber content as
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high as 20% is acceptable. With respect to calcium
and phosphorus, there should be more calcium in
the feed compared to phosphorus. The ideal ratio
of these two nutrients is 1.5–2 parts calcium to 1
part phosphorus. The final item to evaluate in the
guaranteed analysis is vitamin E content. The vi-
tamin E content should be greater than 100 IU/lb.
This is one nutrient for which the phrase, “more is
better,” actually holds true. A high vitamin E con-
tent is desired due to poor vitamin E stability in
stored forage.

Ingredient Statement

The ingredient statement contains valuable infor-
mation since it allows comparison of ingredients
utilized in the manufacturing of the feed. Under
federal law, AAFCO requires all ingredients to be
listed in descending order of predominance by
weight in the product.6 Two limitations with ingre-
dient statements are first, it does not allow the
manufacturer to designate the quality or grade of
ingredient utilized in the product. So, comparing
oats on one tag versus oats on another tag does not
speak to quality of the oat. The second limitation
is with the terms used to list ingredients: individ-
ual terms versus collective terms. The individual
terms list the actual ingredients such as oats, corn,
and barley whereas the collective term allows the
manufacturer to utilize the term “grain products”
instead of the names of individual grains. Com-
parison of feed tags, one with individual terms and
the other with collective terms, is nearly impossible
to gain meaningful information. When looking at a
feed tag with individual ingredients listed, selection
of feeds with processed grains such as oats, corn, and
barley will yield more energy compared to feeds con-
taining grain byproducts such as wheat middlings.
The inclusion of alternative energy sources such as
vegetable oils, beet pulp, and soybean hulls is also
beneficial. These energy sources are very safe to feed
performance horses and their inclusion decreases the
reliance on cereal grain as the sole energy source.

Directions for Use

The feeding directions are important because they
represent the amount of commercial concentrate
(lbs/day or % of horse BW/day) that is necessary to
satisfy the nutrient requirement of the horse. The
feeding directions are based on the weight, activity,
and nutrient requirements of the horse. Recom-
mended feeding rates have a very specific purpose
and are intended to serve as a guide for proper
usage. They are not there simply to drive higher
consumption rates and to sell more feed. It is crit-
ical the client feed the recommended amount of con-
centrate per day otherwise the product will not
provide the correct nutrition. If the horse requires
more or less concentrate to maintain proper body
condition than is recommended on the feeding tag, a
different product should be selected. For example,
a horse in a high body condition may not require the

manufacturer’s recommended minimum amount of
concentrate necessary to satisfy nutrient require-
ments without gaining weight. For this horse, a
low-intake, more nutrient-dense feed would be
appropriate.

5. Selecting a Concentrate

To select a concentrate for a performance horse, the
equine practitioner has two methods that can be
utilized. The first is the mathematical method in-
volving the chemical analysis of ingredients, determi-
nation of nutrient requirements, and mathematical
calculation to select the type and amount of concen-
trate to satisfy the horse’s nutrient requirements.
The second method is to approximate the value of
forage and utilize body condition of the horse to
estimate the type and amount of concentrate neces-
sary for the performance horse.

Mathematical Method

The mathematical method is a full-ration analy-
sis. The practitioner would begin by uniformly
sampling the hay being fed to the horse.8 Since
hay would vary from batch to batch, the analysis
would need to be conducted with each new load of
hay received by the client. The representative hay
sample would then be sent to the laboratory for
chemical analysis to determine nutrient profile.
The nutrient profile of the forage would then be
multiplied by the amount (weight) of forage fed to
the horse on a daily basis. If performance horses
are fed free-choice high-quality forage, it will pro-
vide a significant source of nutrients reducing the
amount of concentrate that must be fed to satisfy
nutrient requirements. A mature horse would typ-
ically consume from 1.5%–2.5% of BW in dry forage
per day. Conversely, if poor-quality hay is fed, the
horse will consume less forage and require higher
amounts of concentrate. The second step is to de-
termine the work intensity of the horse, which will
ultimately determine the nutrient requirement for
the horse. Light exercise is described as exercise
with a mean heart rate, over the entire exercise
bout, of 80 beats/min for a duration of 1–3 hours/
week. Moderate exercise is described as exercise
with a mean heart rate of 90 beats/min for a dura-
tion of 3–5 hours/week. Heavy exercise is described
as exercise with a mean heart rate of 110 beats/min
for a duration of 4–5 hours/week. Finally, very
heavy exercise is described as exercise with a mean
heart rate of 110 –150 beats/min for a duration of
1 hour per/week if done at full-speed to 6 –12
hours/week if done at a slower speed. Examples
of performance activities are listed in Table 1.

The next step is to subtract the nutrients provided
by forage from the nutrient requirement of the ex-
ercising horse. This will provide the amount of nu-
trients that must be supplied by the concentrate
portion of the diet. The final step is to evaluate feed
tags from concentrates intended for performance
horses to determine which one provides the desired
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amount of nutrients at a feeding rate that maintains
proper body condition of the horse. There are several
software programs that can do these calculations.9–11

If the practitioner does not feel comfortable with this
method, they can consult with an equine nutritionist
to obtain a ration evaluation.

Approximate Method

The method of selecting the proper concentrate for a
performance horse is quicker, albeit not as accurate,
as the mathematical method. In this method, begin
by ensuring the client is providing the horse with
free-choice access to high-quality forage. Next, weigh
the amount (lbs/day) of concentrate currently being
fed to the horse. The third step is to determine
whether the amount of concentrate that is currently
being fed is properly maintaining optimum body
condition of the performance horse. If the horse
is too thin or too fat, the amount of concentrate will
need to be modified. The final step is to select a
concentrate intended for a performance horse that
can be fed within the range necessary to optimize
body condition of the horse. This method of select-
ing a concentrate does not rely on conducting an
objective analysis of the diet. The practitioner does
not collect and submit a forage sample for analysis.
Instead, it is a subjective method to manage body
condition of the horse by selecting a concentrate that
fits into the feeding range necessary to maintain
proper body condition. This method relies on trust
or positive experience with the concentrate manu-
facturer and the expertise of their nutritional staff
to formulate all of the nutrients necessary for a
performance horse in that daily feeding rate.

6. Practical Examples of Appropriate Concentrates

for Performance Horses

The equine practitioner will care for performance
horses under a variety of exercise intensities. The
following are several common types of exercise and
concentrates that would be appropriate for these
situations.

Infrequent Light Exercise

An example of this type of exercise would be occa-
sional riding done mostly at a walk or slow trot, such
as trail riding or flat work done in an arena. If
these horses are given free-choice access to high-
quality forage (hay/pasture) they often do not re-

quire a significant amount of additional energy
(calories) to maintain body condition. Many clients
will select a concentrate designed for a performance
horse or even a “senior” but then underfeed the
product according to manufacturer’s guidelines.
Underfeeding any concentrate will result in the
horse’s nutrient requirements not being met. In-
stead of a concentrate, these horses are better suited
for a pelleted, low-intake, concentrated source of
protein, vitamins, and minerals. These products
are called ration balancers or supplement pellets.
The daily intake, depending on manufacturer and
fortification level, is between 1 and 2 lbs/horse/day
for a 1,000-lb animal. Therefore, the first example
of a “performance” horse would not be fed a grain-
based concentrate, but instead be fed a ration bal-
ancer pellet.

Frequent Light Exercise

An example of exercise would be 4–5 days per week,
with exercise done at walk (40%), trot (50%), and
canter (10%). The exercise duration would be ap-
proximately 30–40 minutes per day. These horses
would be involved in recreational riding and show-
ing and require a modest energy intake beyond the
calories provided by high-quality forage. The typi-
cal concentrate intake would be 3–5 lb per 1000-lb
horse/day. These horses are best suited with a
lower fat (4%–6%), low to moderate protein (11%–
13%), concentrate formulated for performance
horses.

Moderate Exercise

An example of moderate exercise would be 4–5 days
per week, with exercise done at walk (30%), trot
(55%), canter (10%), and specialized training (5%).
Examples of specialized training include jumping,
cutting, or other skill work. The exercise duration
would be approximately 45–60 minutes per day.
These horses may be involved in frequent showing, a
lesson/school program, western speed events such as
roping, medium-level dressage, or ranch work. These
horses would require a moderate amount of energy
beyond that which could be supplied by free-choice
forage. The typical intake would be in the 5–8 lb
per 1000-lb horse/day. These horses are best suited
with a moderate fat (8%–10%), low to moderate pro-
tein (11%–13%) concentrate formulated for perfor-
mance horses.

Table 1. Example of Performance Activities of Horses in Light, Moderate, Heavy, and Very Heavy Exercise Categories

Exercise Category Types of Events

Light Recreational riding, initial stages of training programs, show horses (occasional)

Moderate

School horses, recreational riding, breaking/training, ranch work, show horses (more

frequent)

Heavy

Ranch work, polo, show horses (strenuous), low-medium level eventing, race training

(middle stages)

Very heavy Racing (Quarter Horse, Thoroughbred, Standardbred, endurance), elite 3-day eventing
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Heavy Exercise

An example of heavy exercise would be 4 – 6 days
per week, with exercise done at walk (20%), trot
(50%), canter (15%), and specialized training
(15%). Examples of specialized training include
galloping, jumping, polo, eventing, or other skill
work. The exercise duration would be approxi-
mately 60 minutes per day. They may be involved
in frequent showing with travel, polo, low-to-
medium-level 3-day eventing, higher levels of dres-
sage, Grand Prix–level jumping, and endurance
riding. These horses would require significant
amounts of energy beyond that which could be sup-
plied by free-choice forage. The typical intake
would be in the 8–10 lb per 1000-lb horse/day.
These horses are best suited with a higher-fat (10%–
14%), moderate-protein (13%–15%) concentrate for-
mulated for performance horses. The extra fat is
required to meet energy requirements while the ex-
tra protein helps build and repair muscle and bone
tissue.

Very Heavy Exercise

An example of very heavy exercise would be 4–6
days per week, with exercise done at high speed
such as galloping or sprinting for a duration of �10
minutes/day. This type of exercise may also in-
clude exercise done for longer duration (1–2 hours/
day) with a heavy emphasis on skill and endurance
activities. These horses are typically involved in
flat track racing (Thoroughbred and Quarter Horse),
Standardbred racing, elite 3-day event horses, and
high-goal polo horses. They require the majority of
their energy from the concentrate portion of the diet.
The typical concentrate intake would be in the
12–15 lbs per 1000-lb horse/day. These horses are
best suited with a medium-fat (8%–10%), moderate-
protein (13%–15%) concentrate formulated for per-
formance horses. Very high-fat diets are typically
avoided for these horses since the sprinting activi-
ties utilize a higher muscle-glycogen reserve, and
high-fat feeds are not as palatable when fed in
the amounts necessary to maintain body condition.
The extra protein is essential to help build and re-
pair muscle and bone tissue.

7. Summary

In summary, begin feeding performance horses by
providing free access to fresh, clean water. The
next step is to provide adequate energy; this is the
only dietary factor in which adequacy can be visu-

ally determined with the use of body condition eval-
uation. If too much energy (too many calories) is
fed, the horse gains weight or becomes fat; on the
other hand, if not enough energy (too few calories) is
fed, the horse becomes thin or loses weight. The
status of other critical nutrients cannot be assessed
by visual assessment alone. Determination of di-
etary adequacy for other critical nutrients can only
be done with ration analysis. To provide energy to
the performance horse, begin with feeding good-
quality forage (pasture/hay) and add additional en-
ergy with the use of a combination of starch, fat, and
super-fibers. Utilizing an appropriate concentrate
to complement available forages will ensure all nu-
trients are being met in the performance horse’s
diet.
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1. Introduction

What is a performance horse? When is a horse
considered an athlete? Generally, athletic horses
have higher energy and nutrient requirements
than adult horses at maintenance. The 2007 Na-
tional Research Council’s (NRC) Nutrient Re-
quirements of Horses publication defines athletic
categories (Table 1) and weekly workloads (Table
2) that provide context to published energy and
nutrient requirements for the equine athlete.1

NRC athletic categories do not capture all athletic
disciplines, and average energy requirements for
work may overestimate the needs of the over-
weight performance horse. A horse’s energy re-
quirement is influenced by activity but also by
individual factors (metabolism and demeanor).
Horses used for pleasure riding have higher odds
of obesity than horses used in competition.2

Generally, for athletes, a lean body condition
conveys an athletic advantage due to a higher
power-to-weight ratio. Furthermore, equine obe-
sity reduces evaporative cooling,3 reduces repro-
ductive efficiency,4 increases the risk of insulin
dysregulation,5–7 and increases the risk of lamin-
itis,8,9 none of which are beneficial to general health
or athletic performance. Therefore, body condition
score (BCS)10,11 (Table 3) should be considered when

determining performance horses’ energy requirements
and subsequently building the diet/ration.

Case

There are numerous disciplines for the equine ath-
lete. Although the details regarding a single equine
athlete will not be representative of other equine
athletes (discipline, energy and nutrient require-
ments, feeds available, and management), the gen-
eral process of conducting a nutrition assessment
and building a ration is the same. A 14-year-old
[some breed] gelding with a body weight of 636 kg
(1,400 lbs) and a BCS of 7/9 (Table 1)10,11 will be
used as an example case for illustration. In this
example, the gelding is worked, on average, 5 hours
per week, consisting of a total of 90 minutes (1.5
hours) walk, 165 minutes (2.75 hours) trot, 30 min-
utes (0.5 hour) canter, and 15 minutes (0.25 hour)
jumping. According to the NRC, this work classi-
fies as a “moderate” workload.

BCS and Estimating Ideal Body Weight

First, the target BCS should be determined. Al-
though body condition scoring is subjective, it corre-
lates well with body fat percent.12 For the athlete,
the author’s preferred BCS is 4/9–5/9. However,
the type of athletic discipline often influences the own-
er/caregiver/rider/trainer-desired BCS. In some
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disciplines, a BCS of 4/9–5/9 is not considered desir-
able. There are consequences to being overweight
and the owner/caregiver/rider/trainer should be ed-
ucated as to these consequences. However, the au-
thor recognizes that the target BCS will likely be
some consensus in balancing ideal and what is
deemed acceptable in certain disciplines. For the
gelding in this example, the target BCS is set at a
5/9.

Second, the gelding’s estimated ideal or target
body weight should be determined. True ideal body
weight will be that when the gelding has achieved a
BCS of 5/9. In general, each BCS represents 22.7
kg (50 lbs). Therefore, to drop 2 BCS points (from a
7/9 to a 5/9), the gelding would need to lose an
estimated 45.4 kg (100 lbs); thus, the estimated tar-
get body weight would be 591 kg (1,300 lbs) (1,400
lbs minus 100 lbs). Once the target body weight is
established, then the recommended diet/ration may
be designed. When designing a diet, water, energy,
and essential nutrients, along with DM, should be
carefully considered. The goal is to promote weight
loss while meeting essential nutrient needs and re-
ducing the risk of metabolic and gastrointestinal
abnormalities (e.g., colic).

Water

Water is the most important ingredient in any
horse’s ration. An old myth was to not lead a hot
horse to water. Water should not be restricted;
however, do not let a horse drink so much at once
where they colic due to rapid gastric distention.
Water intake and requirements are influenced by
many factors, including total dry matter consumed,1

dry matter content of feed (higher with hay vs.
pasture),13 protein intake,14 sweat production, wa-

ter salinity,15 water temperature,1,16 and ambient
temperature.

Energy and Dry Matter

A horse’s diet may be designed based on a dry mat-
ter target (DM) or a digestible energy target. This
section will review the use of both methods. Feed-
ing based on a DM target is more practical, although
less precise. When feeding to a DM target (i.e.,
generally when trying to achieve weight loss) the
author targets a daily DM goal of 1.5% body
weight. Therefore, the 591-kg (1,300-lb) horse
would be fed 8.9 kg (19.5 lbs) DM. If the forage
has 92% DM, then the horse would consume 9.6 kg
(21.1 lbs) as fed (AF; 8.9 kg DM/0.92 � 9.7 kg or
21.3 lb AF). Feeding by dry matter is quick and
easy because all that is needed is the target body
weight. However, depending on the forage qual-
ity, the total daily calories fed could be quite dif-
ferent. For example, if a horse is fed a relatively
high-quality grass hay with 2.2 Mcal/kg DM (1.0
Mcal/lb DM) vs. a relatively poor-quality grass hay
with 1.8 Mcal/kg DM (0.8 Mcal/lb DM), then daily
calories would be 21.3 Mcal and 17.5 Mcal, respec-
tively, a difference of 3.9 Mcal per day or 121 Mcal
per month.

Feeding based on a digestible energy target is
more precise; however, a forage nutrient analysis is
needed. When feeding to a digestible energy
target, the NRC web-based program (https://
nrc88.nas.edu/nrh/) may be used to identify the
horse’s energy requirement. According to the
NRC,1 a 591-kg (1,300-lb) working/training horse at
moderate workload (i.e., the example gelding) re-
quires 27.6 Mcal digestible energy (1 Mcal � 1
kcal � 1 calorie). However, this does not account
for needed negative energy balanced to promote
weight loss. For weight loss, the author generally
targets NRC low adult maintenance requirements
(30.3 kcal/kg1 ideal body weight), which would
translate to 17.9 kcal for the example gelding.
Although the low adult maintenance requirement
does not account for the level of work, it is important
to consider that energy requirements vary by indi-
vidual and some individuals require substantial en-
ergy restriction.

Table 1. NRC 20071 Athletic Categories

Category Distance (mi) Intensity

Endurance �2 Low

Middle distancea 0.5–2 75–95% max HR

Sprintb
�0.25 100% max HR

aSeveral minutes (e.g., Thoroughbred or Standardbred racing).
bLess than 1 minute (e.g., Quarter Horse racing).
HR, heart rate.

Table 2. NRC 20071 Weekly Workloads and Examples

Exercise Category Hours/Week Walk (%) Trot (%) Canter (%) Galloping/Jumping (%)

Lighta 1–3 40 50 10 0

Moderateb 3–5 30 55 10 5

Heavyc 4–5 20 50 15 15

Very heavyd 1� hour at speed or 6–12 hours slow

aExamples: recreational riding, beginning training, and infrequent showing.
bExamples: school horses, recreational, beginning training, frequent showing, polo, and ranch.
cExamples: polo, strenuous showing, low/medium eventing, and moderate race training.
dExamples: racing and elite 3-day.

56 2020 � Vol. 66 � AAEP PROCEEDINGS

HOW-TO SESSION: FEEDING FOR FITNESS



T
a

b
le

3
.

B
o

d
y

C
o

n
d

it
io

n
S

c
o

re
(B

C
S

)
D

e
s
c

ri
p

to
rs

b
y

R
e

g
io

n

B
C

S
D

e
sc

ri
p

ti
o
n

S
it

e
s

A
B

C
D

E
F

C
re

st
o
f

N
e
ck

W
it

h
e
rs

B
e
h

in
d

th
e

S
h

o
u

ld
e
r

O
v
e
r

th
e

R
ib

s
A

lo
n

g
th

e
B

a
ck

T
a

il
h

e
a

d
R

e
g
io

n

1
P

o
o
r

(e
x
tr

e
m

e
ly

e
m

a
ci

a
te

d
,

n
o

fa
tt

y
ti

ss
u

e
fe

lt
)

B
o
n

e
st

ru
ct

u
re

p
ro

m
in

e
n

t
B

o
n

e
st

ru
ct

u
re

p
ro

m
in

e
n

t
B

o
n

e
st

ru
ct

u
re

p
ro

m
in

e
n

t
B

o
n

e
s

p
ro

je
ct

p
ro

m
in

e
n

tl
y

B
o
n

e
s

p
ro

je
ct

p
ro

m
in

e
n

tl
y

B
o
n

e
p

ro
m

in
e
n

t

2
V

e
ry

th
in

(e
m

a
ci

a
te

d
)

S
tr

u
ct

u
re

s
d

is
ce

rn
ib

le
S

tr
u

ct
u

re
s

d
is

ce
rn

ib
le

S
tr

u
ct

u
re

s
d

is
ce

rn
ib

le
B

o
n

e
s

p
ro

m
in

e
n

t
S

li
g
h

t
fa

t
co

v
e
ri

n
g

o
v
e
r

v
e
rt

e
b

ra
e
;

b
o
n

e
s

p
ro

m
in

e
n

t

B
o
n

e
p

ro
m

in
e
n

t

3
T

h
in

S
tr

u
ct

u
re

s
fa

in
tl

y
d

is
ce

rn
ib

le
S

tr
u

ct
u

re
s

fa
in

tl
y

d
is

ce
rn

ib
le

S
tr

u
ct

u
re

s
fa

in
tl

y
d

is
ce

rn
ib

le
S

li
g
h

t
fa

t
la

y
e
r

fe
lt

,
b

u
t

e
a
si

ly
se

e
n

F
a

t
b

u
il

t
u

p
a

b
o
u

t
h

a
lf

w
a

y
o
n

v
e
rt

e
b

ra
e

B
o
n

e
p

ro
m

in
e
n

t

4
M

o
d

e
ra

te
ly

th
in

N
o
t

o
b
v
io

u
sl

y
th

in
N

o
t

o
b
v
io

u
sl

y
th

in
N

o
t

o
b
v
io

u
sl

y
th

in
F

a
in

t
o
u

tl
in

e
S

li
g
h

t
ri

d
g
e

F
a

t
fe

lt

5
M

o
d

e
ra

te
B

le
n

d
s

sm
o
o
th

ly
in

to
b
o
d

y
R

o
u

n
d

e
d

R
o
u

n
d

e
d

E
a
si

ly
fe

lt
,

n
o
t

se
e
n

L
e
v
e
l

F
a

t
b

e
g
in

n
in

g
to

fe
e
l

sp
o
n

g
y

6
M

o
d

e
ra

te
ly

fl
e
sh

y
F

a
t

b
e
g
in

n
in

g
to

b
e

d
e
p

o
si

te
d

F
a
t

b
e
g
in

n
in

g
to

b
e

d
e
p

o
si

te
d

F
a
t

b
e
g
in

n
in

g
to

b
e

d
e
p

o
si

te
d

F
a
t

fe
e
ls

sp
o
n

g
y

M
a

y
h

a
v
e

sl
ig

h
t

cr
e
a

se
F

a
t

fe
e
ls

so
ft

7
F

le
sh

y
N

o
ti

ce
a
b
le

fa
t

d
e
p

o
si

te
d

N
o
ti

ce
a
b
le

fa
t

d
e
p

o
si

te
d

N
o
ti

ce
a
b
le

fa
t

d
e
p

o
si

te
d

F
e
lt

,
b
u

t
n

o
ti

ce
a

b
le

fa
t

d
e
p

o
si

ti
o
n

M
a

y
h

a
v
e

cr
e
a

se
F

a
t

is
so

ft

8
F

a
t

P
ro

m
in

e
n

t
cr

e
st

o
f

n
e
ck

F
il

le
d

w
it

h
fa

t
F

il
le

d
w

it
h

fa
t

D
if

fi
cu

lt
to

fe
e
l

C
re

a
se

F
a

t
p

ro
m

in
e
n

t

9
E

x
tr

e
m

e
ly

fa
t

B
u

lg
in

g
fa

t
B

u
d

g
in

g
fa

t
B

u
d

g
in

g
fa

t
P

a
tc

h
e
s

o
f

fa
t

O
b

v
io

u
s

cr
e
a

se
B

u
d

g
in

g

a
A

d
a
p

te
d

fr
o
m

h
tt

p
s:

//
w

w
w

.v
e
tm

e
d

.v
t.

e
d

u
/v

th
/s

e
rv

ic
e
s/

n
u

tr
it

io
n

/d
o
cs

/B
C

S
_
E

q
u

in
e
.p

d
f

a
n

d
H

e
n

n
e
k

e
e
t

a
l.

1
0

AAEP PROCEEDINGS � Vol. 66 � 2020 57

HOW-TO SESSION: FEEDING FOR FITNESS

https://www.vetmed.vt.edu/vth/services/nutrition/docs/BCS_Equine.pdf


Evaluating current and past diets is relatively
time-consuming but provides details about the horse
that help to refine key nutritional goals. For exam-
ple, if the 591-kg (1,300-lb) gelding in moderate
work was currently consuming 24.6 Mcal digestible
energy per day, then recommending a diet that pro-
vides 27.6 Mcal (per NRC) would promote weight
gain. If the gelding was consuming 24.6 Mcal per
day, then a more appropriate energy goal would be
80% of current intake or 19.7 Mcal. Another con-
sideration is if the horse’s activity level has changed,
as digestible energy provision should match energy
expenditure (e.g., reducing concentrate during re-
covery and off-season). Some horses are rather effi-
cient and require a significant degree of restriction,
below 30.3 kcal/lb ideal body weight.17 For the ac-
tive horse, severe energy restriction is hopefully not
needed and certainly should not be a starting point.
Regardless of where the energy goal is initiated (e.g.,
27.6 Mcal [NRC moderate work] or 17.9 Mcal [30.3
kcal/kg body weight] for the 591-kg [1,300-lb] geld-
ing), the appropriateness of the plan will be deter-
mined through strategic monitoring (see Monitoring
section).

Generally, a performance horse’s energy needs
can be met by forage, concentrate, or a combination
of the two. However, concentrates (e.g., commer-
cial performance feeds, grains, and brans) are more
energy dense than forages (e.g., 2.6–3.3 Mcal/kg AF)
and, thus, are generally not indicated for the over-
weight performance horse. Horses generally ob-
tain more than 50% of energy requirements from
microbial fermentation, specifically volatile fatty ac-
ids.18,19 Although the horse in heavy activity is not
likely to be able to meet energy needs with forage
alone, horses at a lower level of activity and lower
energy need are more likely to meet their energy
need with forage alone. Furthermore, the insoluble
fiber in forage (e.g., cellulose) is slowly fermented by
gut microbes, supports a neutral hindgut pH and
symbiotic gut microbiota, and thus promotes overall
gut health.

For this example, if the available grass hay con-
tains 2.0 Mcal/kg DM (0.909 Mcal/lb DM) and 92%
DM (average per Equi-Analytical grass hay data20),
then the energy density may be converted to an AF
basis by multiplying the percent DM (92%)20 by the
energy density, 2.0 Mcal/kg DM � 0.92 � 1.8
Mcal/kg AF (0.836 Mcal/lb AF). Notably, forage
quality is highly dependent on the stage of maturity
at which it is consumed or cut to make hay. Ide-
ally, a forage analysis would be conducted and
should include an estimate of digestible energy (cal-
culated from analyses of crude protein, fat, struc-
tural carbohydrates, non-structural carbohydrates
[NSCs], and mineral content), neutral detergent fi-
ber (NDF), and crude protein. The NDF represents
forage cell wall (cellulose, hemicellulose, and lignin)
and is a negative indicator of quality and a positive
indicator of forage bulk. Therefore, the higher the
NDF, the bulkier the forage and thus more filling,

which is helpful for the horse with a high voluntary
DM intake.21,22 Anecdotally, grass hay with �70%
NDF on a DM basis is high in that horses may not be
able to eat enough to maintain a healthy weight.

If the daily energy requirement for the gelding is
17.9 Mcal, then the gelding would need 9.9 kg (17.9
Mcal/1.8 Mcal/kg AF) of this grass hay AF per day,
which translates to 9.1 kg (9.9 � 0.92) or 1.5% of
ideal body weight (9.1/591 kg body weight). Con-
versely, if the daily energy requirement for the geld-
ing is 27.6 Mcal, then feed 15.3 kg (27.6 Mcal/1.8
Mcal/kg AF) of average quality grass hay AF per
day, which translates to 14.1 kg DM (15.3 kg � 0.92)
or 2.4% of ideal body weight. Anticipated daily DM
intake for moderate work load is 2.25% body weight
(Table 4).1 Therefore, neither scenario is expecting
the gelding to consume too much, thus concentrates
do not appear to be needed to meet energy needs.
Furthermore, both scenarios provide at least 1.5% of
BW in DM per day.

Non-Structural Carbohydrates

Diets high in NSCs (includes sugars, starch, and
fructan) increase the risk of insulin dysregulation
and laminitis, which are associated with obe-
sity.23,24 Activity positively influences insulin reg-
ulation; thus, active overweight horses may have a
lower risk of insulin dysregulation. Regardless,
limiting NSCs will likely limit the risk of insulin
dysregulation. Although some authors suggest
limiting NSCs to �10% of diet DM, the author
targets an NSC level lower than the current diet.
Forage is lower in NSCs than concentrates, particu-
larly grain-based concentrates. Grasses and alfalfa
are similar in NSC content, although the high end
for grasses is higher than for alfalfa.20,25 Hay may
be soaked to reduce water-soluble carbohydrates
(sugars and fructan) in forage.26 However, some
water-soluble nutrients in the DM are lost. Forage
NSCs should be considered along with forage quality
and energy density. If feeding based on DM, the
forage with the lower NSC concentration would be
an ideal choice. In addition to being more energy
dense, concentrates are generally higher in NSC
than forage, which can reduce insulin sensitivity23

and increase the risk of colic, especially without
transition/gradual introduction.27

Nutrient Requirements

The requirements for several essential nutrients are
considered to be higher in the athletic horse. Ac-

Table 4. NRC 20071 Anticipated Dry Matter Intake by Workload

Workload

Anticipated DM

Intake (% BW)

Light exercise 2

Moderate exercise 2.25

Heavy exercise and very heavy exercise 2.5

DM, dry matter; BW, body weight
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cording to the NRC,1 a 591-kg (1,300-lb) working/
training horse at moderate work load (i.e., the
example gelding) requires 908 g crude protein, 39 g
lysine, 41 g calcium, 25 g phosphorus, 21 g sodium,
63 g chloride, 38 g potassium, 14 g magnesium, 18 g
sulfur, 0.6 mg cobalt, 118 mg copper, 4.1 mg iodine,
473 mg iron, 473 mg manganese, 473 mg zinc, 1.2
mg selenium, 26,595 IU vitamin A, 3,901 IU vitamin
D, 1,064 IU vitamin E, 67 mg thiamine, and 27 mg
riboflavin.

Regardless of the energy need of the individual,
the author sets essential nutrient goals to match
the NRC requirements for the given physiologic
status/life stage. Otherwise said, regardless of
whether the gelding’s actual energy requirement
was 27.6 or 17.9 Mcal per day, the essential nu-
trient goal should still be set as that required for
a working/training horse at moderate workload.

Generally, if forage meets the energy needs, it will
also meet the protein and amino acid needs. How-
ever, when instituting a prescribed weight loss plan,
this is not always the case. According to Equi-An-
alytical, grass hay contains 109 (�18) grams of pro-
tein per kg on a DM basis or 100 grams of protein
per kg on an AF basis.20 If feeding 9.9 or 15.3 kg of
average quality grass hay, then the protein pro-
vided would be 990 or 1,530 grams per day, re-
spectively, which exceed the 908 grams required
daily for the 591-kg (1,300-lb) working/training
horse at moderate work load. Excessive dietary
protein is not beneficial, as protein positively in-
fluences water requirements due to increased en-
dogenous heat production and increased need for
renal nitrogen excretion. Protein metabolism gen-
erates more heat production, as compared to carbo-
hydrate and fat metabolism, which increases
sweat production, subsequently increasing water
and electrolyte losses. Furthermore, increased
nitrogen (ammonia) in the urine can reduce barn
air quality.

Forage needs to be complemented with a ration
balancer to provide the micronutrients that the
forage does not. Furthermore, if the forage does
not meet protein requirements, then supplemental
protein is needed. Although the concentration and
availability of nutrients in forage varies by region,
forage format (fresh pasture vs. hay) and soil type,
several micronutrients (e.g., sodium, chloride,
copper, zinc, selenium, and vitamin E) may be defi-
cient if forage is the only source of nutrients. It is
important to consider regional differences in forage
availability and nutrient content, as the
micronutrients needed will vary. Sodium chlo-
ride may be met by providing free choice access to
a white or trace mineral (�95% sodium chloride)
block, preferably near a fresh water source. Addi-
tional nutrients may be provided with balancer pel-
lets, which are highly fortified commercial feeds and
are meant to be fed in small quantities. Balancer
pellets are a good option to balance the forage be-
cause (1) it gives the caregiver something to feed,

which is often an important factor in the human-
animal-bond, and (2) they are generally readily
consumed and, thus, easier to monitor intake.
Equine-specific granular or block-type vitamin-
mineral products may be fed free choice, preferably
near a water source, but intake is generally more
difficult to monitor, particularly when offered in a
group setting.

Antioxidant requirements, like for vitamin E, are
higher for athletes, as free radicals are a byproduct
of energy metabolism. Vitamin E is generally ade-
quate in fresh/pasture forage, but is deficient in
processed forage (e.g., hay).28

Monitoring

Body weight and BCS should be evaluated
monthly. The target weight loss rate is 0.5–1.0
BCS point per month or 11.3–22.7 kg (25–50 lbs)
per month. If weight loss is too slow or has not
occurred, check compliance. If the caregiver has
been compliant but weight loss has been slow,
then further reduce energy by 10 –20%. For any
adjustment, be cognizant of daily DM provision.
Although the author prefers not to drop daily DM
below 1.5% of target body weight, 1.0% of target
body weight should be used as a minimum tar-
get.17,29 The author recommends working with a
veterinary nutritionist when daily DM falls below
1.5% body weight. If daily DM drops below 1.5%
of target body weight, consider implementing a
means to slow forage consumption (e.g., slow hay
feeders) and monitoring more closely for colic.
If the caregiver has not been compliant, investi-
gate the cause and help the caregiver establish a
management plan that is sustainable.
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1. Introduction

Horses are non-ruminant herbivores, highly adapted
to the slow intake of a plant-based, high-fiber diet.
However, modern-day management practices of per-
formance horses have shifted toward overall reduced
access to forage and increased reliance on the practice
of meal-feeding. This shift is not only counter to best
feeding and management practices to promote optimal
digestive health, but it has placed equine athletes at a
higher risk of gastrointestinal disturbances such as
gastric ulcers, recurrent colic, and conditions involving
inflammation of the bowel. Clinical signs of these
disturbances may include irritability, weight loss, poor
appetite, chronic diarrhea, among others. While
proper diagnosis and appropriate medical treatment
in these patients is critical, it is also important to
evaluate the horse’s diet and feeding management
practices.

Performance horses are typically managed under
conditions that are not conducive to optimal diges-
tive health. Increased confinement in stalls and
meal feeding affect the physiology of the digestive
tract by altering both intestinal motility and the
microbiome environment, increasing colic risk.1

Feeding large, high-starch grain meals that exceed
�1 g/kg body weight (BW)/meal, a practice common
in horses with high dietary energy requirements,

has been linked to greater risk of nonglandular gas-
tric ulcers.2 The high-stress lifestyle and over-use
of nonsteroidal anti-inflammatory drugs that is
more commonly observed in the performance horse
population has been associated with alterations in
intestinal permeability (“leaky gut”) and an in-
creased risk of right dorsal colitis.3,4 Fortunately,
basic equine nutrition principles for promoting good
digestive health can be applied in such a way to
either 1) maintain and/or improve athletic perfor-
mance or 2) support medical treatment of perfor-
mance horses suffering from gastrointestinal
disease. This paper will outline specific nutrition
and feeding management guidelines that promote
optimal digestive health, with a focus on the perfor-
mance horse.

2. Feeding and Management Practices

Forages

It is a long standing recommendation for horses to
receive a minimum of 1% BW in forage per day in
order to maintain proper digestive function, but
this minimum recommendation is commonly over-
looked in performance horse management situations.
And while 1% BW is the minimum recommendation,
1.5–2% BW is a better target in most cases, and it is
recommended that forage make up at least 50% of the
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total daily ration when possible.5 Forage require-
ments can be met by both preserved forages (long-
stemmed hay, hay pellets, chopped hay, and
commercially available forage-replacement alterna-
tives) and fresh pasture. Forage intake while on pas-
ture can vary greatly, and total dry matter intake
while grazing is dependent upon several factors, in-
cluding total hours of access and overall pasture qual-
ity. Studies have shown that horses allowed 4 hours
or less of daily pasture access will consume 0.22 � 0.02
kg DM/100 kg BW/hour, and horses allowed more than
4 hours of daily pasture access will consume 0.11 �

0.02 kg DM/100 kg BW/hour.6 For example, if a
500-kg horse were allowed to graze on pasture for 6
hours per day, dry-matter intake would be expected at
3.3 kg, which is equivalent to approximately 3.7 kg hay
(as-fed basis).

Chewing long-stemmed forage increases saliva
output, and saliva contains bicarbonate, which helps
to buffer acid secretions in the stomach.7 Maximiz-
ing access to forage will increase time spent chew-
ing, as well as potentially decreasing boredom and
stress while confined. Horses in a natural setting
are estimated to graze for approximately 14 hours
each day.8 When stalled, the horse’s opportunity to
forage is limited, and the utilization of small-hole
hay nets (3.2-cm and 4.4-cm openings) as opposed to
feeding from the stall floor is an effective way to
increase the overall time to consumption of hay and
better mimics grazing conditions.9

Perhaps the most significant feature of forage in
terms of digestive health is that it supplies the fer-
mentable fiber required by the hindgut microbes to
function properly. When feeding a hindgut fer-
menter such as the horse, maintaining a healthy
population of hindgut microorganisms plays a criti-
cal role in not only digestion, but overall horse
health. Together with their genetic material and
interactions with each other in their environment,
these hindgut microbes are a part of a diverse and
complex ecosystem referred to as the “equine micro-
biome.” The importance of a healthy microbiome
environment cannot be overstated, and recent ad-
vances in laboratory techniques and gene sequenc-
ing technology have made it easier to isolate,
identify, and quantify the specific organisms present
in the horse’s hindgut. The newest frontier in
equine nutrition research involves delving into the
equine microbiome, and scientists are currently
working to characterize what both a healthy and
unhealthy equine microbiome looks like, in addition
to how that microbial ecosystem can be manipulated
to improve horse health and performance.10,11

Concentrates

The demands of exercise and performance increase
digestible energy and nutrient requirements of
the horse. When forage alone cannot meet these
increased demands, a concentrate feed will be re-
quired to meet the nutritional needs of the perfor-
mance horse. Concentrates include cereal grains

like corn, oats, and barley, as well as commercially
available pelleted and textured grain mixes. When
appraising the impact of concentrates on digestive
health, meal size, and composition are important
factors to consider, especially in relation to prevent-
ing starch overload in the hindgut. The horse’s
small intestine is well suited to digest starch, a
useful energy source for many performance horses,
up to a certain point. Many studies have at-
tempted to elucidate the upper limit of small intes-
tinal starch digestion to prevent starch from
reaching the hindgut. Small intestinal starch di-
gestion varies somewhat with cereal grain source
(i.e., oat starch is more digestible than barley starch)
and processing (i.e., mechanical and hydrothermal),
but a general guideline is to limit starch intake,
regardless of the source, to �2 g/kg BW/meal in
order to prevent starch overload and rapid fermen-
tation in the hindgut.12,13 Practically, this trans-
lates into feeding no more than a 2.5 kg meal of a
cereal grain-based concentrate (40% starch) for a
500-kg horse (or, limiting meal size to 0.5% of the
horse’s BW). Limiting the starch content of a meal
even further may be warranted in certain circum-
stances (i.e,. in horses with insulin dysregulation or
gastric ulcers), but this is a good benchmark goal for
most healthy performance horses. For horses that
are prone to bolting or rushing their concentrate
meals, feeding hay before the concentrate meal can
also help to slow the rate of intake.14

Concentrate composition will also dictate the total
amount of starch contained in a meal. Concentrate
meals consisting of straight cereal grains will con-
tain the highest concentration of starch, while
multi-ingredient rations and commercially available
products will vary considerably depending on the
proportion of ingredients in the ration or feed for-
mulation. Book values for cereal grains are readily
available, and if the starch level of a commercially
available horse feed product is not listed on the feed
tag, the manufacturer should be able to provide
that information upon request. Many commer-
cially available products for performance horses con-
tain added fat and fiber, which are used as
additional sources of digestible energy. This is gen-
erally positive in terms of digestive health, as it
reduces reliance on starch to serve as the primary
energy source, as well as supplies additional digest-
ible fiber. For horses with elevated energy require-
ments, feeding fat- and fiber-added rations increases
the energy density of the diet and in most cases is a
recommended practice. However, there is an upper
threshold for small intestinal fat digestion that, if
exceeded, can reduce the digestibility of certain nu-
trients. The inclusion of fat at up to at least 10% of
total dry matter intake (forage � concentrate) ap-
pears to have minimal negative impact on digestive
health.15 Because forages are naturally low in fat
(1% to 3% DM basis), exceeding this level of fat in
the total ration is not common, even with the use of
high-fat concentrate feeds (�10% to 14% fat).
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Feed Additives and Supplements

There is an overwhelming array of “digestive aid”
supplements and feed additives for horses available
on the market, and their use is especially popular in
performance horse rations. While some may play a
role in promoting digestive health, there is no sub-
stitute for proper feed selection and implementation
of appropriate feeding practices. Without those in
place, no supplement or additive can have any sig-
nificant impact on overall digestive health. While a
full review of additives and supplements is not
within the scope of this discussion, there are a few
points to consider related to their selection and use.
Some of the more common additives that have been
studied in relation to their impact on digestive
health include probiotics (live strains of microorgan-
isms), prebiotics (substrates for microbial fermenta-
tion), and yeast cultures and yeast derivatives.
When evaluating the efficacy of these additives, it
cannot be assumed that results obtained in studies
conducted in human or other lab animal species will
apply to the horse. Look for published data that
confirm safety and efficacy in the species of interest
(the horse) that show a clear justification for recom-
mended dosage. Rather than relying on an addi-
tive or supplement to promote digestive health,
consider them as adjunct support for an overall feed-
ing program that follows the principles outlined
above related to forage and concentrate feeding and
management practices.

Feed Transitions

Changes in the amount or type of feed offered to a
horse should be implemented gradually, to allow the
digestive system to adapt and to prevent digestive
disturbances. Large increases or decreases in total
volume of feed offered should occur gradually as
well. This applies to fresh pasture, preserved for-
ages (i.e., hay), and concentrate feeds. It is recom-
mended that horses not acclimated to grazing be
introduced to lush pasture over a period of several
days.5 When transitioning from one type of hay to
a different type of hay, and even from one batch of
hay to a new batch of the same hay variety, it is good
practice to combine the old and new hay for a min-
imum of several days and for up to 2 weeks as the
transition is made. When making the switch
from one concentrate feed to another, a good gen-
eral rule of thumb is to make the change at a rate
of no more than approximately 0.5 kg per day.
This conservative approach to feed transitions will
further promote digestive health, especially in
performance horses with a history of digestive
upset.

3. Feeding Recommendations for Certain

Gastrointestinal Conditions

Gastric Ulcers

It is well documented that performance horses are
at a high risk for the development of gastric ulcers,

specifically equine squamous gastric disease
(ESGD). Little evidence exists for the role of diet in
equine glandular gastric disease.16 In addition to
following the principles of feeding management out-
lined above, there are some special considerations
for horses being treated for or with a history of
ESGD. Without alterations in the feeding and
management of these horses, it is likely that squa-
mous ulcers will return once treatment is complete.
When managing horses with ESGD, additional feed-
ing recommendations are to provide as much turn-
out on pasture as possible, allow free choice access or
offer hay frequently (4–6 meals/day), limit starch
content of concentrate meals to �1 g/kg BW, and
avoid orally administered hypertonic electrolyte so-
lutions.16 Feeding smaller, more frequent meals
and incorporating alfalfa hay into the forage compo-
nent of the ration are also recommended to lessen
the severity and prevent the recurrence of gastric
ulcers.17 The inclusion of alfalfa hay in the diet,
preferably provided at regular 5- to 6-hour intervals,
is recommended as it has been shown to buffer gas-
tric contents and decrease gastric ulcer severity.18

Gastric protectant and buffering supplements that
have published data behind them may also have a
role in maintaining proper gastric pH and promot-
ing a healthy gastric environment, and these include
a pectin-lecithin complex and a natural-source min-
eral complex rich in seaweed-derived calcium.19,20

Chronic Colic

A wide variety of conditions may result in frequent
bouts of colic, and the horse should be screened for
such conditions and treated appropriately. Long-
term feeding management recommendations for
these horses are based on following the feeding and
management practices outlined above, as well as
minimizing common colic risk factors (Table 1).
Stabled horses with reduced access to grazing are 3
times more likely to suffer from colic, and pasture
access should be maximized when possible.21 Only
highly digestible feeds should be utilized, and small,
frequent meals should be offered throughout the
day. In addition to grass pasture, good forage op-
tions include high-quality grass hay, alfalfa hay or
grass-alfalfa mix hay, soaked alfalfa cubes, and beet
pulp. Having hay tested at a forage testing laba

will ensure that the forage is of acceptable quality,
as consumption of overly mature hay can easily lead
to colic in sensitive horses. A general guideline is
the higher the relative feed value, the less mature
and the better the hay quality. In horses with a
history of chronic colic, aim for feeding hay with a
relative feed value of �86. Alfalfa hay should be
avoided in horses with a history of or increased risk
of enteroliths, as the higher protein and mineral
content increases colonic pH which has been impli-
cated to be a predisposing factor for enterolith for-
mation.22,23 Finally, supplementing 1–2 Tbsp per
day of plain white salt or a commercial electrolyte
supplement may encourage water intake, especially

AAEP PROCEEDINGS � Vol. 66 � 2020 63

HOW-TO SESSION: FEEDING FOR FITNESS



in the colder months when some horses drink signif-
icantly less water.

Inflammation of the Intestinal Tract and Hindgut

Dysfunction

Many medical conditions, including inflammatory
bowel disease, chronic diarrhea, right dorsal coli-
tis, and colonic ulcers, feature some level of in-
flammation of the intestinal tract and hindgut
dysfunction, and the recommended dietary strat-
egies to address symptoms in horses with diag-
nosed or suspected inflammatory bowel conditions
or other related disturbances of the hindgut are
similar. The basic feeding objectives when ad-
dressing bowel inflammation and hindgut dys-
function are 1) reduce the mechanical and
physiologic demand on the colon, and 2) promote
mucosal healing. A reduction in mechanical load
can best be accomplished by reducing or eliminat-
ing long-stemmed forage from the ration for a
period of 3 to 8 months, with the length of time
being dictated by the response of the horse. Elim-
inating long-stemmed forage and feeding a low bulk
ration will substantially reduce total dry matter in-
take and reduce ingesta particle size, helping to
alleviate mucosal trauma. Select a high-quality
pelleted complete feed with built-in forage fortified
with vitamins, minerals, and additional amino acids
(commercially available senior horse feeds work
well) in order to provide an easily digestible ration
that meets all the horse’s nutrient requirements.
Dividing the daily ration into small, frequent meals
(4 to 6 per day) will promote consistent intake and
encourage normal gastrointestinal motility. In
some cases, a small amount of high-quality forage
may be included in the ration, but only if the horse
can tolerate it. Alfalfa hay should be used with
caution in horses with chronic diarrhea, as alfalfa is
known to have a laxative effect in some horses.
Forage selection recommendations for chronic colic
also apply to horses with bowel inflammation. The
horse can also be allowed to graze small amounts of
fresh grass (10- to 15-minute intervals, 4 to 6 times
daily). Intermittent psyllium mucilloid supple-
mentation is recognized as a management tool to
reduce sand accumulation in the horse’s digestive

tract, but daily supplementation has been suggested
to further promote ingesta passage and reduce mu-
cosal trauma. Studies in other species have shown
that the endogenous production of the short-chain
fatty acid, butyrate (a product of the microbial fer-
mentation of psyllium), may aid in mucosal healing,
therefore psyllium supplementation warrants con-
sideration in the treatment of equine gastrointes-
tinal disease.3 Although controlled studies are
lacking, some reports have identified recommended
daily feeding rates for psyllium to be 1) 100 grams
per day, and 2) 5 tablespoons every 12 to 24 hours,
to promote mucosal healing and repair in colitis
cases.27,28 The implementation of a low-bulk ra-
tion can sometimes be met with owner resistance,
but discussing the rationale behind this approach
and explaining the temporary nature of the feeding
plan can help to increase owner compliance and
overall success. Long-stemmed forage can be grad-
ually reintroduced to the ration once symptoms have
improved, to identify how much and what type of
forage the horse can best tolerate on a long-term
basis. It is important to continually monitor these
horses closely, as they seem to be more sensitive to
dietary and management changes.

4. Conclusion

Following basic nutrition principles that promote op-
timal digestive health when feeding performance
horses will serve to support athletic performance and
prevent digestive disturbances. When an equine ath-
lete is not meeting performance expectations and/or
experiences symptoms related to poor digestive health,
the evaluation of feeding and management practices,
and making appropriate adjustments, will support
any necessary medical treatment and improve overall
outcome.
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1. Introduction

In combination with exercise, nutrition is an essen-
tial component of managing horses with myopa-
thies. The optimal feeding program for an individual
is tailored to the diagnosis of a specific underlying
myopathy.

2. Classification of Exertional Myopathies

Exertional myopathies are defined by muscle pain
and impaired performance during or after exercise.
Exertional rhabdomyolysis (ER) represents a subset
of exertional myopathies characterized by elevations
in serum creatine kinase (CK) and aspartate trans-
aminase (AST) activities. Forms of ER include type
1 polysaccharide storage myopathy (PSSM1), type 2
polysaccharide storage myopathy (PSSM2) in Quar-
ter Horses, malignant hyperthermia, recurrent ex-
ertional rhabdomyolysis (RER), and myofibrillar
myopathy (MFM) in Arabians.1-5

There are other exertional myopathies, such as
PSSM2 and MFM in Warmbloods, that are not typ-
ically characterized by elevations in serum CK
and AST activities.6 Horses with these exertional
myopathies have exercise intolerance and show re-
luctance to go forward, collect, and engage the hind-
quarters. Because these clinical signs are not

specific to muscle disease, causes of decreased per-
formance such as behavior, rider, tack, and orthope-
dic lameness need to be ruled out prior to in-
vestigating a primary exertional myopathy.

Exertional Rhabdomyolysis

Overt ER can arise as a sporadic event due to
extrinsic factors such as exercise in excess of
training, nutritional imbalances, or exercise dur-
ing viral illness. ER can also occur as a chronic
disease due to intrinsic abnormalities in muscle
function. Acute clinical signs of ER are similar
across the spectrum of etiologies and include mus-
cle stiffness, shortened hindlimb stride, reluc-
tance to move, and firm, painful hindquarter
muscles. Anxiety, pain, sweating, and increased
respiratory rate are common signs.

Sporadic ER

Sporadic forms of ER develop from exercise in excess
of training, dietary imbalances (including high
nonstructural carbohydrate (NSC) content and low
forage content), and deficiencies in electrolytes.7,8

ER may be exacerbated by inadequate dietary sele-
nium and vitamin E.
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Chronic ER

Chronic forms of ER appear to develop in horses due
to intrinsic abnormalities in muscle function. In
some cases, muscle dysfunction is attributed to a
single gene defect.9,10 In other cases, there may be
multiple genes impacting muscle dysfunction or
post-translational modifications of gene products
that arise under certain environmental stimuli.

Recurrent Exertional Rhabdomyolysis

Recurrent exertional rhabdomyolysis describes a
subset of ER that is believed to be due to an abnor-
mality in the regulation of muscle contraction and
relaxation.11–13 Research into RER has primarily
been performed in Thoroughbreds and to a lesser
extent in Standardbreds.11,14–16 There are reports
of ER in racing Quarter Horses, Arabians, and
Warmbloods that may have the same underlying
cause based on the overlapping histories, clinical
signs, muscle biopsy findings, and response to man-
agement.17 Mares more commonly have RER than
males, although no general correlation has been ob-
served between episodes of ER and stages of the
estrous cycle.18 Nervous horses, particularly ner-
vous fillies, have a higher incidence of ER than calm
horses.14,19,20 Diet also has an impact with Thor-
oughbreds fed more than 2.5 kg of grain being
more likely to show signs.21 Research suggests
that horses with RER may have an inherent abnor-
mality in intramuscular calcium regulation that is
intermittently manifested during exercise in stress-
ful environments.13,22

Polysaccharide Storage Myopathy

Several acronyms have been used for polysaccharide
storage myopathy (PSSM), including EPSM and
EPSSM.23–25 Muscle biopsies from PSSM-afflicted
horses are characterized by the presence of abnor-
mal polysaccharide inclusions, which are typically
amylase resistant in PSSM1 and amylase sensitive
in PSSM2.

PSSM1

PSSM1 is caused by an autosomal-dominant gain-
of-function mutation in GYS1 that results in ele-
vated glycogen synthase activity and �1.5-fold
higher muscle glycogen concentrations in skeletal
muscle.10 The enzyme mutation enhances synthe-
sis of glycogen and appears to disrupt metabolism of
this energy substrate. The severity of clinical signs
of PSSM1 can vary widely from asymptomatic to
severe incapacitation. The most common trigger
for ER is less than 20 minutes of light exercise,
particularly if the horse has been rested for several
days prior to exercise or is unfit. Diets high in NSC
also increase the risk of muscle pain and stiffness in
PSSM1 horses.26 The gold standard for diagnosis
of PSSM1 is genetic testing for the GYS1 mutation
performed on whole blood or hair root samples.

PSSM2

PSSM2 is a histopathologic designation that indi-
cates the presence of abnormal-appearing amylase-
sensitive or amylase-resistant polysaccharide in
muscle biopsies of horses lacking the GYS1 muta-
tion. Importantly, the term PSSM2 does not indi-
cate a specific etiology since no common genetic
mutations or biochemical aberrations have been de-
fined in these horses to date. Commercial genetic
tests for PSSM2 have not been scientifically vali-
dated through peer-reviewed publication. Approx-
imately 28% of cases of PSSM diagnosed by muscle
biopsy in Quarter Horse-related breeds would be
classified as PSSM2.27 Quarter Horses with PSSM2
present with ER and have biochemical elevations in
muscle glycogen concentrations. PSSM2 seems to
be common in both high-performance Quarter Horse
types such as barrel racing, reining, and cutting
horses as well as pleasure and halter horses. About
80% of Warmblood horses diagnosed with PSSM by
muscle biopsy are classified as PSSM2.27 The clin-
ical presentation of PSSM2 in Warmbloods is often
that of exercise intolerance rather than overt ER,
and biochemical elevations in muscle glycogen are
uncommon.

Myofibrillar Myopathy

Myofibrillar myopathy (MFM) is a recently identi-
fied disorder presenting with exercise intolerance or
intermittent ER that is defined by specific histopa-
thology.5,6 The hallmark histopathologic feature of
MFM is cytoplasmic aggregates of the cytoskeletal
protein desmin in scattered muscle fibers. Desmin
functions to align sarcomeres at the Z-disc and
tether them to the cell membrane. MFM may
represent a more extreme subset of PSSM2 in
Warmbloods and Arabians, but further research is
required. Mean muscle glycogen concentrations in
Warmblood and Arabian horses with MFM are sim-
ilar to controls.28,29

MFM in Warmbloods

Warmblood horses diagnosed with MFM by muscle
biopsy have an insidious onset of exercise intoler-
ance notable by 6–8 years of age characterized
by a lack of stamina, unwillingness to go forward,
inability to collect, abnormal canter transitions, and
inability to sustain a normal canter.6 Unresolved
hindlimb lameness, stiffness, muscle pain and,
rarely, an episode of ER are reported.29 Serum CK
and AST activities are usually within normal limits
unless samples are taken in conjunction with ER.
A recent study found no association between com-
mercial genetic tests for MFM and a clinical and
histopathologic diagnosis of MFM in Warmblood
horses.30 The basis for MFM in Warmblood horses
appears to be related to the individual effects of diet,
exercise, and training on gene and protein responses to
exercise with downstream effects on muscle mass, the
alignment of contractile proteins, mitochondrial func-
tion, and oxidative stress (unpublished observations).
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MFM in Arabians

Arabian endurance horses diagnosed with MFM
usually have a history of intermittent elevations in
serum CK activity after endurance rides (�10,000
U/L) or during exercise that follows a week or more
of rest.5 Horses do not always show the same de-
gree of pain, sweating, and reluctance to move, as is
frequently seen in other forms of acute ER. Myo-
globinuria can be observed in horses with only mild
muscle stiffness. Between episodes, the heart rate,
lactate, CK, and AST responses to exercise are nor-
mal. The basis for MFM in Arabian horses appears
to be related to a need for enhanced cysteine synthe-
sis, decreased cysteine-based antioxidants, and oxi-
dative stress.31

3. Management of Chronic Exertional Muscle

Disorders

Altering diet and exercise regimes to compensate
for underlying defects is often the best available
strategy to assist horses with exertional myopa-
thies. Identifying and eliminating any known
factors that trigger ER are also important in pre-
venting further episodes. Controlled treatment
trials have been performed to validate management
strategies for RER and PSSM1.26,32,33 Less evi-
denced-based information is available with regard to
management of PSSM2 and MFM, and recommenda-
tions are based largely on retrospective studies or clinical
impressions.17,34

4. Feeding Programs for Horses with Myopathies

A nutritionally balanced diet with appropriate ca-
loric intake and adequate protein, vitamins, and
minerals is a core element in treating all forms
of exertional myopathies. As with all classes of
horses, the development of a ration for these horses
includes a series of steps.

1. Determine daily nutrient requirements.
A horse’s nutrient requirements depend on
age, breed, body size, growth rate, level of
exercise, and other considerations. The Na-
tional Research Council last published its rec-
ommendations for horses in 2007.35 National
Research Council requirements are often con-
sidered minimums for many nutrients. Rec-
ommendations that are more commonly used in
practice are also available in commercially
available softwarea,b.

2. Select type and intake of forage. Forage
should be the foundation of every equine feed-
ing program, so it is important to establish
both the type and expected intake of forage
before choosing concentrates or supplements.

3. Select energy sources in concentrate.
One of the keys to managing exertional myop-
athies is controlling the source of energy in a
ration. Energy requirements in the US are
expressed in terms of megacalories (Mcal) of

digestible energy (DE). DE can be supplied
from nonstructural carbohydrates (NSCs),
fat, structural carbohydrates (fiber), and pro-
tein. NSC is the sum of water-soluble carbo-
hydrates (WSCs) (sugars) and starch. Most
concentrates fed to ER horses are low in NSC
and high in fat. Unfortunately, determining
the NSC content of commercial concentrates
is not easy since these nutrients rarely appear
as guarantees on feed tags or bags. Although
the American Association of Feed Control
Officials currently suggests that commercial
feed products that bear labeling claims re-
lated to carbohydrate content should include
max sugar (ESC) and max starch in the guar-
anteed analysis, there is not an agreed-upon
method for measuring ESC and starch. There-
fore, many state regulatory agencies do not al-
low these nutrients to appear with other
nutrient analyses such as protein, fat, or
crude fiber. Feed manufacturers often sup-
ply this information in supporting literature
or on the internet, but these figures are not
regulated by any governmental agency. Most
feed manufacturers use Equi-Analytical in
Ithaca, NYc to determine WSC and starch val-
ues in feeds, and horse owners and veterinar-
ians can also send feeds and forages to this lab
for analysis.

4. Calculate intake of concentrate to meet
energy requirement. The quantity of con-
centrate required by a horse equals the DE
requirement of the horse minus the DE
supplied by forage. The DE requirement is
dependent upon the activity level and the cur-
rent energy status of the horse. DE require-
ments will vary depending on whether the
horse needs to lose, gain, or maintain its body
weight.

5. Calculate intake of other nutrients (pro-
tein, minerals, vitamins) provided from
forage and concentrate. Most commercial
concentrates are formulated to meet nearly all
of the protein, mineral, and vitamin require-
ments of the horse if fed at a typical level of
intake as recommended on the feed bag. Of-
ten, a horse will be fed below this expected
range of intake and additional fortification
will be required. This is particularly true
when horses are fed high-quality forage or if
they need to lose weight.

6. Supplement-required nutrients not pro-
vided by forage and concentrate. Sup-
plements are often necessary to provide
nutrients not found in the forage and concen-
trate, either because of low concentrate in-
takes or to supply levels of nutrients that are
greater than typically added to commercial
feeds. Electrolytes, amino acids, vitamin E,
and other antioxidants fall into this category
for horses suffering from myopathies.
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5. Exertional Rhabdomyolysis

A general approach to designing a ration for horses
with primary clinical signs of ER is outlined in
Fig. 1.

6. Sporadic ER

Nutrient Requirements

Total nutrient requirements will vary depending on
the horse’s size, breed, discipline, and level of activ-
ity. DE requirements will vary from near mainte-
nance to twice maintenance.

Forage

Since low forage intake may contribute to sporadic
bouts of ER, provide adequate quantities of high-
quality forage. Performance horses will typically
consume 1.5%–2% of body weight per day of hay.
Good-quality grass or grass-legume mixed hays
(55%–65% neutral detergent fiber [NDG], 10%–12%
crude protein [CP], 10%–17% NSC) are preferable.

Energy Sources

A concentrate with moderate levels of soluble carbo-
hydrate (20%–30% NSC), fat (4%–8%), and fiber
(20%–30% NDF) is appropriate. Horses with spo-
radic ER do not necessarily benefit from increased
dietary fat, so addition of fat should depend upon
caloric needs.

Concentrate Intake

Concentrate intake will depend on the horse’s DE
requirement, and the quality and quantity of forage.
If low concentrate (�3 kg/d) is required, supplemen-
tal protein, minerals, and vitamins may be required.
This is best accomplished with appropriately forti-
fied ration balancer pellets. Underweight horses
may benefit from additional vegetable oil (120–240
mL) or stabilized rice bran (0.5–1 kg).

Supplements

Electrolyte imbalances and deficiencies are a com-
mon cause of sporadic ER. Horses should have
free-choice access to a salt block and be supple-
mented with salt or a commercial electrolyte at lev-
els to meet requirements. This can vary from 30 to
60 g/day with light sweating and up to 120–150
g/day with heavy sweating. Furosemide adminis-
tration (5 cc) results in around 20 g of sodium and
35 g chloride loss in urine in the first 4 hours after
administration.36

Selenium and vitamin E status should be evalu-
ated. Low serum levels of either nutrient warrant
supplementation. For horses with a neuromuscu-
lar disease, serum vitamin E levels should be
checked periodically to ensure levels are � 3 �g/mL
and supplemental vitamin E dosages adjusted ac-
cordingly. Large individual variation has been
found in serum alpha tocopherol concentrations

Fig. 1. An approach to managing horses with clinical signs of ER characterized by muscle stiffness, sweating, reluctance to move, and

increased serum CK activity. Decisions should be based on the underlying myopathy, the horse’s caloric needs, and current body

weight.

*These are suggested recommendations based on current research in normal horses and anecdotal reports from the field and have not

yet been tested on horses with this myopathy.
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when horses are supplemented with 2000–5000 IU/
day of vitamin E.37 Natural-source vitamin E is
more bioavailable than synthetic sources, and either
micellizedd or nanodispersede sources rapidly re-
store serum status.37,38

7. RER

Nutrient Requirements

As with sporadic ER, RER nutrient requirements
will vary depending on the horse’s size, breed, dis-
cipline, and level of activity. DE requirements will
vary from near maintenance to twice maintenance.
RER occurs most frequently in Thoroughbred and
Standardbred racehorses that have DE require-
ments of 30 –35 Mcal DE/day.

Forage

Thoroughbred horses do not appear to show the
same significant increase in serum insulin concen-
trations in response to consuming hay with an NSC
of 17% as seen in Quarter Horses.39 This fact com-
bined with the high caloric requirements of race-
horses suggests that it is not as important to select
hay with very low NSC content in RER Thorough-
breds as it is in PSSM horses. Anecdotally, some
trainers find horses with RER have more frequent
episodes of ER on alfalfa hay, in which case it should
be avoided on an individual basis. The nervous
disposition of some RER horses may predispose
them to gastric ulcers, and thus frequent provision
of hay with a moderate NSC and mixed alfalfa con-
tent may be indicated.

Energy Sources

Substitution of fat for NSC in an energy-dense
ration significantly reduces muscle damage in exer-
cising RER horses. A controlled trial using a spe-
cialized feedf developed for RER showed that NSC
should provide no greater than 20% and fat should
provide between 20% and 25% of daily DE intake for
optimal management of RER horses requiring high
DE intakes (�30 Mcal DE/day).32 The benefit of a
high-fat diet for RER does not appear to be a change
in muscle metabolism. Pre- and post-exercise mus-
cle glycogen and lactate concentrations are the same
in RER horses fed a low-starch, high-fat diet com-
pared with a high-starch diet.32,40 Rather, low-
NSC, high-fat diets in RER horses may decrease
muscle damage by assuaging anxiety and excitabil-
ity, which are tightly linked to developing rhabdo-
myolysis in susceptible horses. High-fat, low-NSC
diets fed to fit RER horses produce lower glucose,
insulin, and cortisol responses and led to a calmer
demeanor and lower pre-exercise heart rates.41

Neurohormonal changes may develop in response to
high serum glucose, insulin, and cortisol concentra-
tions, resulting in an anxious demeanor.

Concentrates

Racehorses in full training typically consume 6–7
kg/day of concentrate. Racehorse concentrates for

RER horses should contain 12%–18% NSC and
10%–13% fat. To maintain high energy densities
(3.2–3.4 Mcal DE/kg), they should also contain
sources of highly digestible fiber such as beet pulp or
soy hulls. The beneficial effects of low-NSC, high-
fat rations appear to be more directly related to the
glycemic and insulinemic nature of the feeds rather
than their absolute NSC and fat content. Therefore,
the ingredients used in a concentrate also affect its
suitably as an RER feed. WSCs produce higher gly-
cemic responses than starch. Molasses is extremely
glycemic in horses,42 but added fat greatly reduces
glycemic response, even in high-NSC feeds.43,44 Gly-
cemic response is also affected by rate of intake and
rate of gastric emptying.44,45

While a calm demeanor is desired during training,
some racehorse trainers feeding low-NSC, high-fat
feeds prefer to supplement with a titrated amount of
grain three days prior to a race to potentially boost
liver glycogen and increase a horse’s energy during
the race.

As with sporadic ER, concentrate intakes �3 kg/
day may not provide adequate amounts of protein,
minerals, or vitamins and a balancer pellet may be
required.

Studies in RER horses show that significant re-
ductions or normalization of post-exercise serum CK
activity occurs within a week of commencing a low-
starch, high-fat diet.32 Days of no training and
standing in a stall are discouraged because post-
exercise CK activity is higher after 2 days of rest
compared with values taken when performing con-
secutive days of the same amount of submaximal
exercise.32

8. PSSM1

Nutrient Requirements

Meeting the horse’s caloric requirements for an ideal
body weight is the most important consideration in
designing a ration for PSSM, as many horses with
PSSM are easy keepers and may be overweight at
the time of diagnosis. Adding excessive calories in
the form of fat to the diet of an obese horse may
produce metabolic syndrome and is contraindicated.
If necessary, caloric intake should be reduced by
using a grazing muzzle during turnout, feeding hay
with a much lower NSC content at 1%–1.5% of body
weight, providing a low-calorie ration balancer, and
gradually introducing daily exercise. Rather than
provide dietary fat to an overweight horse, fasting
for 6 hours before exercise can be used to elevate
plasma free fatty acids prior to exercise and allevi-
ate any restrictions in energy metabolism in muscle.

Forage

Quarter Horses develop a significant increase in se-
rum insulin concentrations in response to consum-
ing hay with an NSC of 17%, whereas insulin
concentrations are fairly stable when fed hay with
12% or 4% NSC content.33 Because insulin stimu-
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lates the already overactive enzyme glycogen syn-
thase in the muscle of PSSM1 horses, selecting hay
with 12% or less NSC is advisable. The degree to
which the NSC content of hay should be restricted
below 12% NSC depends on the caloric requirements
of the horse. Feeding a low-NSC (�5%), high-fiber
(�65% NDF) hay provides room to add an adequate
amount of fat to the diet of easy keepers without
exceeding the daily caloric requirement and induc-
ing excessive weight gain. For example, a 500-kg
lightly exercised horse generally requires 18 Mcal
DE/day. A mixed-grass hay (12% NSC, 55% NDF,
2.0 Mcal DE/kg) fed at 9 kg/day meets the horse’s
daily caloric requirement. In contrast, 8 kg of a 4%
NSC hay (1.7 Mcal DE/kg) would provide 13.6 Mcal
DE/day, which would allow a reasonable addition of
4.4 Mcal DE from fat per day (530 mL of vegetable
oil).

Energy Sources

A high-NSC diet increases the propensity to develop
muscle pain with aerobic exercise in PSSM1
horses.26 A high-NSC diet results in enhanced gly-
cogen synthase activity, which may impair oxidative
metabolism of substrates such as pyruvate and fatty
acids. PSSM horses on high-NSC diets have low
plasma non-esterified free fatty acid concentrations,
possibly due to suppression of lipolysis by high in-
sulin.26 Low dietary starch and fat supplementa-

tion facilitate muscle fat metabolism in PSSM1
horses.

Concentrates

Concentrates for PSSM1 horses should be low in
NSC (�15%) and low glycemic. High fat (10%–
12%) can be included in the concentrate but, if daily
intake is low (�2 kg/d), then additional fat supple-
mentation may be required from added vegetable oil
(120–240 mL) or stabilized rice bran. Hydrated,
rinsed beet pulp produces a very low glycemic
response and can be used as a carrier for added
vegetable oil.42 One kilogram of beet pulp (pre-
hydrated weight) and 1 cup (240 mL) of vegetable oil
and 500 g of a balancer pellet (to meet protein,
mineral, and vitamin requirements) would provide
around 6.0 Mcal DE, which is equivalent to the DE
supplied by 2 kg of a typical commercial concentrate.

Exertional Myopathies

A current approach to managing horses with exer-
tional myopathies that are characterized by exercise
intolerance and normal serum CK activity is out-
lined in Fig. 2. This approach is based on muscle
biopsy diagnosis of PSSM2 or MFM and not based
on a diagnosis using commercial genetic tests for
PSSM2 or MFM that have not been scientifically
validated through peer-reviewed publication.30

Fig. 2. An approach to managing horses with clinical signs of exertional myopathy characterized by exercise intolerance and normal

to mildly increased serum CK activity. To conclude that a myopathy is responsible for exercise intolerance, other common causes

should first be ruled out.

*These are suggested recommendations based on current research in normal horses and anecdotal reports from the field and have not

yet been fully tested on horses with this myopathy.
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9. PSSM2 and Myofibrillar Myopathy

As mentioned above, PSSM2 appears to represent a
histologic description of glycogen staining in muscle
biopsy rather than one specific disease.29 With a
lack of information on the cause of PSSM2, the low-
NSC, high-fat PSSM1 diet has been universally rec-
ommended for all horses diagnosed with PSSM
regardless of whether PSSM1 or PSSM2.46 Recom-
mendations for feeding PSSM2, however, have now
evolved according to breed based on recent research
into muscle glycogen concentrations, histologic mark-
ers, and molecular approaches that better subclassify
PSSM2.

Biochemical analysis of muscle biopsies indicates
that Quarter Horses with PSSM2 have muscle gly-
cogen concentrations that are as high as PSSM1 and
that lack abnormal desmin staining characteristic
of MFM (unpublished observation). Thus, the
PSSM1 diet remains the appropriate recommended
diet for Quarter Horses with PSSM2. An unpub-
lished survey of horse owners indicates that epi-
sodes of ER significantly decrease with this dietary
approach (personal observation).

Biochemical analysis of muscle biopsies in Arabi-
ans and Warmblood horses with PSSM2 has found
that glycogen concentrations are similar to those of
healthy, breed-matched controls.28,29 Thus, the ra-
tionale for a low-NSC diet in these breeds appears
lacking. Additionally, a subset of PSSM2 horses
has been found to have a histologic marker (desmin
aggregation) indicative of MFM, a muscle disorder
characterized by weakness, atrophy, and myofibril-
lar disarray.6 Based on this new finding and tran-
scriptomic and proteomic analyses of muscle from
horses with MFM, a new dietary approach has been
developed for MFM horses.31

This new diet is informed by indictors that aber-
rations in cysteine-based antioxidants, oxidative
stress, and the mitochondrial respiratory chain are
key drivers of MFM.31 An unanswered question
is whether desmin aggregation is a late stage of
PSSM2 in Arabians and Warmbloods and, if so,
would Arabians and Warmbloods with PSSM2 that
lack desmin aggregation benefit from the MFM diet
outlined below. It seems sensible to assume that if
PSSM2 horses have not responded satisfactorily to a
low-NSC, high-fat diet, a trial period of 6–8 weeks
on the MFM diet would be warranted (Fig. 2). Note
that these recommendations are developed based on
a muscle biopsy diagnosis of MFM, which does not
appear to correspond with MFM diagnosis by com-
mercial genetic tests.30

Because the caloric/nutrition needs and symptom-
ology differ between MFM endurance Arabians ca-
pable of performing hours of aerobic exercise and
MFM Warmbloods incapable of satisfactorily per-
forming for 45 minutes, dietary approaches differ.

Nutrient Requirements

MFM involves muscle sarcomere breakdown and at-
rophy, so rations should focus on providing quality

protein and specific amino acids to aid in sarcomere
regenesis. Additionally, since oxidative stress is
likely involved in the degenerative process, antioxi-
dants or precursors of antioxidants are important to
support the mitochondrial respiratory chain, the
major source of reactive oxygen species in exercising
muscle.

Forage

MFM horses will typically consume 1.5%–2% of body
weight per day of hay. Good-quality grass or grass-
legume mixed hays (55%–65% NDF, 10%–12% CP,
10%–17% NSC) are preferable.

Energy Sources

In the US the trend for feeding Warmbloods has
been toward low-NSC, high-fat diets. This is not
the case in Europe. Elite European sport horses
consume feeds that are higher in NSC (25%–35%)
and more moderate in fat (4%–6%).47 There is no
evidence that extremely low-NSC, high-fat diets are
needed by Warmbloods with MFM. In addition,
there does not appear to be a scientific reason why
additional fat, a potential source of oxidative stress,
would be of benefit to Warmbloods with MFM.
Arabian endurance horses are typically fed higher
fat diets, as Arabians depend more on fat oxidation
than Thoroughbreds during exercise.48 However,
since MFM in Arabian endurance horses is related
to oxidative stress resulting from fat oxidation, it is
questionable whether these horses need extremely
high levels of fat intake (�15% total DE intake).

Concentrates

Both Warmbloods and Arabian endurance horses in
the US are typically fed fairly low levels of concen-
trate. In a survey of US endurance riders, concen-
trate intake averaged 2.27 kg/day.49 The riders
preferred lower protein concentrates (10% CP) and
overall protein content of the diet averaged 10.2%,
ranging from 6.2% to 15.7%. Endurance riders feed
low-protein rations because they are concerned that
high-protein diets may increase body heat, urine
production, and water needs. While this level of
protein intake may meet crude protein requirements
in normal horses, it may be deficient in specific
amino acids such as lysine, methionine, and threo-
nine needed for muscle repair and generation of
cysteine-based antioxidants. Leucine stimulates
protein synthesis in the muscle post-exercise,50

which would be beneficial to MFM horses. There-
fore, concentrates for MFM horses should include
higher levels of protein (12%–14% CP) containing
high-quality amino acids and moderate levels of
NSC (20%–30%) and fat (4%–8%).

Supplements

Amino acids

For horses with symmetrical topline muscle atrophy
and horses with MFM, amino acid supplements are
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currently recommended.6,51 Whey-based proteins
are recommended because they are rich in cysteine.
Cysteine is a key component of many antioxidants,
and Arabian horses with MFM appear to have an
increased cysteine requirement following exercise.31

Antioxidants

Horses with MFM have decreased expression of mi-
tochondrial proteins and antioxidants in their mus-
cle.31 Coenzyme Q10 (CoQ10) is a key component
of the first step in the mitochondrial electron trans-
port chain. Arabian and Warmblood horses with
MFM have decreased expression of proteins in-
volved in this first step. When fed with amino
acids, CoQ10g increases mitochondrial proteins
when fed to healthy horses (Valberg unpublished).
CoQ10 is used in human muscle disorders and is
now being trialed as a supplement for MFM horses.
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1. Introduction

Exercise is widely recognized as a stressor, causing
neuroendocrine and hormonal changes that impact
immune response.1 While moderate intensity exer-
cise performed regularly can benefit host defense
mechanisms, acute bouts of high-intensity exercise
or prolonged strenuous activity can result in immu-
nosuppression, primarily of the innate immune sys-
tem.2 Not surprisingly, exercise training has been
associated with increased susceptibility to viral in-
fection.3 Heavily campaigned performance horses
are also confronted with environmental stressors
(e.g., frequent transport over long distances, concen-
trated stabling at show and racetrack facilities) that
further elevate exposure to airborne pathogens and
increase disease risk.4

Nutrition plays a supportive role in immunity and
host defense.5,6 Various amino acids (e.g., glu-
tamine, arginine, methionine, cysteine) and miner-
als (e.g., zinc and selenium [Se]) are critical to the
formation, proliferation, and functional activity of
immune cells and other components of the immune
system. Vitamins A, D, E, and C are also impor-
tant to immune cell function, as well as mitigation of
reactive oxygen species generated by highly meta-
bolic immune cells participating in host defense.
Polyunsaturated fatty acids, acting via their conver-

sion to eicosanoids, are responsible for directing many
activities associated with inflammation and immune
response. Even dietary fiber, a heterogenous group of
oligo- and polysaccharides, supports and directs im-
mune cell activities locally within the gastrointestinal
tract and systemically. Deficiencies or imbalances of
these nutrients generally result in compromised im-
mune function and decreased disease resistance.
Therefore, a balanced diet is critical to maintain im-
muno-surveillance and to mount an appropriate im-
mune response to infection or trauma. Additionally,
some nutrients possess immuno-stimulatory or modu-
latory effects when supplemented to the diet above
established requirements.

Can the horse’s immune system be improved
through his feed bucket? Possibly. The field of
nutritional immunology, where interactions be-
tween diet and immune function are investigated, is
a relatively young science, with concentrated re-
search efforts occurring mostly in the last 30 years.
Comparatively, the application of immuno-nutrition
to the feeding of horses is only in its infancy. While
we are not yet in a position to provide proscriptive
diets that will enhance immunity of disease-
susceptible horses, there is some evidence for spe-
cific nutrients that may someday prove useful for
improving host defense. This paper highlights re-
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search on nutrients that have been fed to the horse
with the specific intent to modulate immune func-
tion, including the need to meet key vitamin and
mineral requirements, the use of omega-3 fatty acids
to modulate inflammation, and prebiotics and other
functional fibers to maintain gut health.

2. Meet the Horse’s Vitamin and Mineral

Requirements

Several vitamins and minerals support the immune
system, either through their role as antioxidants
(e.g., vitamins E and C and Se) or by contributing to
the body’s natural defenses by strengthening epithe-
lial barriers, cell-mediated immunity, and/or anti-
body production (e.g., vitamins D, E, C and A, and Se
and zinc).6 Diets deficient in these micronutrients
result in impaired immune function and increased
susceptibility to infection, which in some cases has
been used as a metric for determining daily require-
ments.7 Therefore, ensuring that the horse’s diet
contains adequate levels of vitamins and minerals is
key to maintaining host defense. Research in hu-
mans and animals has shown that some micronutri-
ents also have immuno-modulatory effects when
supplemented above requirements,5 but strong evi-
dence to support this in horses is unavailable.

Vitamin E works in concert with vitamin C, Se,
and glutathione to protect oxidation of cell mem-
brane lipids. Reactive oxygen species are gener-
ated during exercise with heightened muscle
metabolism and are also produced by highly meta-
bolic immune cells, including superoxide radicals
and hydrogen peroxide produced by phagocytes as
part of the oxidative burst. Although the formation
of reactive oxygen species can serve an essential
purpose (e.g., killing of pathogens, attracting im-
mune cells to the site of infection or trauma), they
can also damage membrane lipids, proteins, and
DNA if left unchecked, which can alter cell viability
and impair immune response.

Vitamin E is the most widely studied vitamin in
equine nutrition, with most research focusing on its
ability to mitigate oxidative stress in exercising
horses. Natural sources of vitamin E (RRR-�-to-
copherol) have shown an advantage over synthetic
forms (e.g., all rac-�-tocopherol acetate) for raising
circulating vitamin E levels and reducing oxidative
response in horses in training.8,9 However, there is
scant evidence that feeding vitamin E above current
requirements (1.8 to 2 IU/kg body weight [BW] for
moderate to heavy work) will improve antioxidant
defenses in otherwise-healthy horses.7 In horses
with neurological disease10 or myopathies,11 higher
rates of vitamin E supplementation are warranted.
However, practitioners are cautioned against exces-
sive vitamin E supplementation (�10� National Re-
search Council [NRC] requirements, or 20 IU/kg BW
in exercising horses), as there has been speculation
that it may interfere with the absorption of other
fat-soluble vitamins.12

Outside of its function as an antioxidant, investi-
gations into the immunomodulatory role of vitamin
E are limited in the horse. Most studies utilized
non-exercising populations and compared immune
responses in horses fed vitamin E above established
requirements to those receiving vitamin E–deficient
diets. For example, higher antibody titers to teta-
nus and influenza virus vaccination were observed
in horses fed 78 IU vitamin E/kg dry matter (1.5�

NRC requirement), either alone or with added Se
compared with an unsupplemented diet deficient in
both vitamin E (18 IU/kg dry matter) and Se (0.03
mg/kg dry matter).13 Older horses supplemented
with 7500 IU all-rac-�-tocopherol (resulting in a to-
tal vitamin E intake estimated at 7750 IU/day, 15�

NRC requirement) exhibited greater neutrophil and
monocyte bacterial-killing capacity and greater an-
tibody response to an annual booster vaccination
program compared with those fed a vitamin E–
deficient diet (250 IU/day, about half the NRC re-
quirement).14 Bondo and Jensen15 reported higher
immunoglobulin (Ig) IgG and IgM in mare milk and
higher IgM in serum of neonatal foals when mares
were supplemented with 2500 IU RRR-�-tocopherol
(along with basal diet, about 4 to 5� NRC require-
ments for gestating mares) compared with an un-
supplemented diet that was deficient in vitamin E
(170 to 320 IU). The three studies discussed above
highlight the importance of vitamin E to immune
function in horses; however, because supplemented
horses were compared with those fed diets deficient
in vitamin E, they do not provide clear evidence that
vitamin E has immunomodulatory effects when fed
above requirements. More research in this area is
needed before appropriate recommendations can be
given.

The trace mineral, Se, is also important to a prop-
erly functioning immune system, in part because of
its role as an antioxidant. The current NRC7 re-
quirement for Se in performance horses is 0.1 mg/kg
dry matter intake, or 1 to 1.25 mg/day for an average
500-kg horse. Several studies in horses have high-
lighted detriments to both innate and acquired im-
munity in horses with low (depleted) Se status
and/or when minimum Se requirements are not met
by the diet.16–19

Recent studies have also evaluated whether feed-
ing Se above the current NRC requirement can fur-
ther improve immune response. Brummer et al19

performed a detailed immunological analysis on sed-
entary horses receiving a Se-adequate diet (0.12
mg/kg dry matter) or diets containing 3� the NRC
requirement (0.3 mg/kg dry matter, with additional
Se provided as either sodium selenite or Se yeast) for
29 weeks. In vivo and ex vivo responses to a novel
vaccine (ovalbumin) and a vaccine horses had pre-
viously been exposed to (equine influenza) were not
affected by level or source of Se intake. Lympho-
cyte proliferation and gene expression of cytokines
in response to non-specific mitogen stimulation also
did not differ between those fed Se at or above the
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current NRC requirements nor by dietary Se source.
Oxidative and inflammatory responses were also
evaluated in this same group of unfit horses in re-
sponse to a mild bout of exercise (4.4 km walk/
trot).20 Although there was a transient elevation of
whole blood glutathione peroxidase after exercise in
horses receiving 0.3 mg/kg dry matter as Se-yeast,
measures of oxidative stress and pro-inflammatory
cytokine expression were unaffected by Se source or
feeding rate. In another study, horses unaccus-
tomed to exercise were subjected to a 2-hour (26-km)
submaximal exercise bout after 5 weeks of Se in-
takes of either 0.1 or 0.3 mg/kg dry matter (addi-
tional Se was supplied as sodium selenite).21,22

Higher Se intake resulted in increased glutathione
peroxidase activity and less lipid peroxidation fol-
lowing exercise but did not alter other measures of
antioxidant status or reduce muscle damage.21

Diets containing 0.3 mg Se/kg dry matter also re-
sulted in less post-exercise leukocytosis and greater
lymphocyte viability after ex vivo exposure to hydro-
gen peroxide than diets containing 0.1 mg Se/kg dry
matter.22 The exercise bout was stressful enough
to suppress lymphocyte proliferation and alter lym-
phocyte mRNA cytokine expression; however, this
was not attenuated with Se intake above the NRC
requirement. Collectively, these studies show that
feeding Se above established requirements is not
likely to greatly enhance antioxidant status or im-
prove immunocompetence when vitamin E require-
ments are also concurrently being met.

Vitamin C is a part of the water-soluble antiox-
idant system where it traps peroxyl radicals and
regenerates other antioxidants, including vitamin
E. Healthy horses can synthesize vitamin C
(ascorbic acid) from glucose in the liver; thus, no
requirement has been established.7 It is pre-
sumed endogenous synthesis of vitamin C is suf-
ficient to meet the needs of healthy horses;
however, strenuous exercise and respiratory dis-
ease, such as airway inflammation has been
shown to reduce circulating ascorbic acid concen-
trations,23,24 suggesting some groups may benefit
from vitamin C supplementation.

Despite the popularity of supplementing perfor-
mance horses with vitamin C, research has not dem-
onstrated a clear benefit in reducing oxidative
stress.25–27 Based on current research, it is diffi-
cult to tease out the contribution of vitamin C to
antioxidant defense because it has typically been
supplemented as part of a mixture of antioxidants.

Similarly, investigations on other immune-related
outcomes in response to vitamin C are limited to its
supplementation as part of an antioxidant mixture.
Ralston28 supplemented a small group of weanling
horses with a mixture of vitamins E (800 IU) and C
(5 g) or placebo beginning 5 days after the animals
had been transported over long distance (2400 miles,
38 hours). Adequate responses to a routine 5-way
booster vaccination were noted in 4/5 vitamin-sup-
plemented weanlings and only 1/5 placebo wean-

lings. Within the 5-week period following
transportation, 4/5 placebo weanlings showed signs
of illness (nasal discharge, cough, fever) meriting an-
tibiotic treatment. The number of vitamin-supple-
mented weanlings that developed illness was not
reported. Supplementation with a combination of vi-
tamin E (2500 to 3000 IU), an ascorbic acid derivative
(5 g), and Se (1 to 2.5 mg) did not improve neutrophil
count in bronchoalveolar lavage fluid nor lung function
in heaves-affected horses in clinical remission.29,30

However, one of these studies30 did observe greater
exercise tolerance and lower scores for airway inflam-
mation assessed by endoscopy in asthma-affected
horses receiving the supplement compared with pla-
cebo. Nogradi et al31 observed a reduction in bron-
choalveolar lavage neutrophils and significant
improvements in respiratory performance in a small
number of asthma-affected horses receiving an oral
supplement containing small quantities of docosa-
hexaenoic acid (DHA; 1.5 to 3 g), vitamin C (2 to 4 g),
methylsulfonylmethane (MSM), and “mushroom com-
plex.” Differences in outcomes between these studies
might relate to whether the horses were in remis-
sion29,30 or had active airway inflammation.31 Taken
together, the findings from these studies suggest that
a mixture of antioxidants may be useful for modulat-
ing immune responses in stressed horses; however, the
specific role of vitamin C alone on immune function in
horses remains unclear. Toxicity from excess ascor-
bic acid has not been reported in horses; no side effects
were reported in horses supplemented with 20 mg/kg
BW (10 g/day for a 500-kg horse) for 8 months.32

In other species, high oral doses can reduce the body’s
own synthesis of vitamin C, so abrupt cessation of
ascorbic acid supplementation should be avoided.

3. Immunomodulation with Omega-3 Fatty Acids

In addition to serving as a calorie source, some di-
etary fats play an immunomodulatory role in the
body. More specifically, fatty acids belonging to the
omega-3 and omega-6 families are part of the in-
flammatory cascade and exert direct effects on im-
mune cells.33,34

Similar to all mammals, horses require a dietary
source of the omega-6 fatty acid, linoleic acid (LA;
18:2n-6) and the omega-3 fatty acid �-linolenic acid
(ALA; 18:3n-3) because they lack the enzymes to
synthesize them. LA and ALA can be oxidized for
energy or incorporated into cell membranes where
they contribute to membrane fluidity, but otherwise
have very few direct biological effects. Rather, the
dietary essentiality of LA and ALA is based on their
role as precursors for the biosynthesis of longer-
chain omega-6 and omega-3 fatty acids that help
regulate many biological processes in the body.
ALA is the “parent” omega-3 fatty acid and can be
elongated and desaturated by the horse to form ei-
cosapentaenoic acid (EPA; 20:5n-3) and DHA (22:6n-
3). In the omega-6 family, LA competes for the same
elongase and desaturase enzymes to form arachidonic
acid (ARA; 20:4n-6). These long-chain polyunsatu-
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rated fatty acids are known to have significant effects
on inflammation and immune responses, attributed in
part to their ability to give rise to various eicosanoids
(prostaglandins, prostacyclins, leukotrienes, and
thromboxanes) and other potent biological mediators
(isoprostanes, neuroprostanes, lipoxins, resolvins, and
protectins). ARA, EPA, and DHA can also alter cell
receptor signaling, gene expression, and protein syn-
thesis, ultimately impacting the biological response to
trauma and infection. Both omega-6 and omega-3
fatty acids contribute to normal inflammatory and im-
mune responses, but the relative abundance of ome-
ga-6 versus omega-3 fatty acids in cell membranes can
sway the final outcome. In simplistic terms, eico-
sanoids derived from ARA stimulate stronger pro-in-
flammatory responses, whereas those originating from
EPA produce weaker inflammatory reactions. It
must be emphasized, however, that it is really the
balance of the different eicosanoids and mediators pro-
duced that generates the final biological response.

Research on omega-3 fatty acid supplementation
in humans and other species has demonstrated a
reduction in inflammation and positive impacts on
innate and acquired immunity through modification
of the expression of key cell surface proteins and
modulation of the production of reactive oxygen spe-
cies, eicosanoids, and cytokines.33,34 By compari-
son, research in horses has revealed variable
outcomes with either ALA (via flaxseed or flax/lin-
seed oil) or EPA and DHA (via fish oil, marine algae,
or seal blubber) addition to the diet. In some stud-
ies ARA-derived eicosanoids and pro-inflammatory
cytokine production from ex vivo stimulated equine
immune cells have been reduced,35–39 whereas other
studies have observed no effect of omega-3 fatty acid
supplementation on inflammatory mediators.36,37,40

Use of an intradermal injection of phytohemagglu-
tanin A to evaluate a coordinated inflammatory
response in vivo revealed an earlier response in
yearling horses supplemented with either flaxseed
or fish oil compared with nonsupplemented con-
trols.40 Linseed oil supplementation also failed
to improve markers of inflammation and clinical
response to endotoxin administration in vivo.41

Function of immune cells has also been variable in
response to omega-3 fatty acid enriched diets.
Although often shown to be suppressed by ome-
ga-3 fatty acid intake in humans,34 ex vivo mito-
gen-stimulated lymphocyte proliferation and the
ability of neutrophils to phagocytize and oxidize
bacteria were not affected in horses supplemented
with flax or fish oil.39,40,42 One study even re-
ported an increase in lymphocyte proliferation in
neonatal foals born to mares supplemented with
linseed oil.43 Conflicting observations have also
been made on the impact of omega-3 fatty acid
supplementation on acquired immunity in horses.
Omega-3 fatty acid supplementation has been
shown to increase39 or have no impact36,42 on an-
tibody production in response to antigen or vacci-
nation administration. Interestingly, the higher

antibody response to tetanus vaccination in year-
lings fed fish oil was similarly elevated in year-
lings supplemented with corn oil (rich in omega-6)
compared with non-supplemented controls.39

Owners and trainers have interest in feeding ome-
ga-3 fatty acids to horses with (or to prevent) osteo-
arthritis and other inflammatory disorders; but
again, strong research support for this application is
lacking. Lesion size in Culicoides hypersensitive
horses showed a trend to be reduced when fed lin-
seed oil compared with corn oil44 and with flaxseed
compared with bran supplementation.45 Supple-
mentation with EPA and DHA has shown variable
effects on systemic or synovial inflammatory mark-
ers in healthy sedentary or exercised horses,46–50

but did show a trend to reduce markers of joint
inflammation in response to experimentally-induced
synovitis.51 In the only study conducted in ar-
thritic horses, supplementation with EPA and DHA
for 90 days resulted in fewer white blood cells and a
trend for reduced inflammatory markers in synovial
fluid, but no improvement in lameness.52 In a
small number of horses with recurrent airway ob-
struction (asthma), supplementation with seal blub-
ber oil (a source of long-chain omega-3 fatty acids)
did not improve pulmonary function or clinical signs
over that seen with sunflower oil (a source of ome-
ga-6 fatty acids).53 In contrast, a reduction in neu-
trophils recovered in bronchoalveolar lavage, 60%
improvement in cough score, and 48% reduction in
respiratory effort was reported in 4 horses with in-
flammatory airway disease after treatment with an
oral supplement containing small quantities of DHA
(1.5 to 3 g), along with vitamin C (2 to 4 g), MSM,
and “mushroom complex.”31 The American College
of Veterinary Internal Medicine has since recom-
mended omega-3 fatty acids (1.5 g DHA/day or 3
mg/kg BW) for the treatment of inflammatory air-
way disease.54 It is worth noting, however, that
this level of omega-3 fatty acid supplementation is
substantially lower than the daily intakes (50 to 75
mg total omega-3 per kg BW) shown to confer anti-
inflammatory or immuno-modulatory benefits in
many of the equine research trials described above.

Although the dose of omega-3 fatty acids may be
responsible for some of the disparities between stud-
ies, the differing outcomes are likely heavily influ-
enced by the horse’s health status, the omega-3 source,
and basal diet. Based on work in horses and other
species, individuals are most likely to respond to
omega-3 fatty acid supplementation when they are
suffering from chronic inflammation, and when sup-
plemented with the longer-chain omega-3 fatty acids
EPA and DHA (from fish oil or marine algae)
compared with ALA (from flax). Further, unlike a
traditional Western diet for humans, it must be recog-
nized that the horse already consumes a diet naturally
high in omega-3 fatty acids. Forages, although low in
total fat (2% to 3%), contain a significant portion of
that fat (39% to 56%) as the omega-3 fatty acid,
ALA.55,56 In healthy horses, omega-3 intake from
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fresh grass or hay may be sufficient to offset the higher
omega-6 fatty acid content from cereal grains, soybean
meal, rice bran, and common vegetable oils included in
today’s equine rations. In fact, even accounting for
the lower availability of fat from forages, most equine
rations will still possess a better ratio of omega-6 to
omega-3 than the ideal 5:1 to 10:1 recommended for
humans.57

Collectively, research findings in horses suggest
that omega-3 fatty acids can modulate immune re-
sponse, particularly that of inflammation, but more
research is needed to verify the practical value of
using omega-3 fatty acids to attenuate inflammation
and pain in horses with chronic inflammatory dis-
eases (e.g., osteoarthritis, asthma). Future re-
search should also examine the benefits of omega-3
fatty acid supplementation during periods of physi-
ological stress (e.g., transport, exercise, weaning),
immuno-insufficiency (e.g., neonatal foals, senior
horses), as well as other pro-inflammatory states
(e.g., equine metabolic syndrome, pituitary pars
intermedia dysfunction). Additionally, more re-
search is needed to determine the appropriate
amount of omega-3 fatty acids needed to influence
immunity, as well as the potential importance of
omega-6 to omega-3 fatty acid ratio in equine diets.
Lastly, it is worth noting that omega-6 fatty acids
are not the “bad guy” of equine nutrition, and in
some cases (as highlighted above), LA has even been
shown to promote positive immune responses in
horses. Claims that excess omega-6 intake pro-
motes inflammation remains an active area of de-
bate in humans,58 as well as horses.

4. Use of Prebiotic and Functional Fibers to Maintain

Gut Health

Over 70% of the immune system is associated with
the gastrointestinal tract. In fact, the gut serves
as one of the most important first lines of defense
against infection by pathogens. Therefore, it
comes as no surprise that some components of the
diet can influence immunity by affecting the mi-
crobial ecology of the gut and/or interacting with
the gut-associated mucosal immune system.59

Some types of dietary fiber (carbohydrates that can-
not be digested by the horse’s own enzymes) have been
shown to positively affect health by 1) supporting the
colonization of beneficial commensal bacteria in the
gut (which are themselves an important barrier to
pathogens); 2) supporting gut epithelial tissue through
the production of short-chain fatty acids such as bu-
tyrate; 3) binding to pathogens, thus blocking them
from attaching to the intestine; and 4) interacting di-
rectly and indirectly with immune cells associated
with the gut mucosa to modulate the immune system
(both locally in the gut, and systemically throughout
the body).59 These unique fibers are generally re-
ferred to as prebiotics. Although not all prebiotics are
fibers, most are oligosaccharides (fibers consisting of 2
to 20 sugar units), including fructooligosaccharides
(FOS), galactooligosaccharides (GOS), and xylooligo-

saccharides. Additional fibers that are thought to
have prebiotic-like effects include mannanoligosaccha-
rides (MOS), beta-glucans, and pectin. These fibers
are abundant in mare colostrum and milk.60 They
can also be found in the cell walls of yeast, some cereal
grains (e.g., oats, barley, wheat), and forages, though
often in the form of longer-chain polysaccharides.
Enzymatic feed technologies have been used to create
oligosaccharides from raw feedstocks and fiber-rich
coproducts for use in animal diets. Additionally, mi-
crobial fermentation of hemicellulose and other fibers
in the gastrointestinal tract can liberate shorter-chain
mannan and arabinoxylan oligosaccharides that sub-
sequently exert immunomodulatory effects, in addi-
tion to generating short-chain (volatile) fatty acids as
an energy source for the animal.61

Early work on prebiotic supplementation in
horses focused on changes on gut microbial popula-
tions and improvements in digestion. More re-
cently, investigations have explored the impact of
prebiotics and prebiotic-like fibers on immune func-
tion. Shifts in cytokine production by cells, as
well as increased immune cell viability were ob-
served by Vendrig et al.62 in an in vitro model of
inflammation where immune cells isolated from
horses were incubated with GOS, GOS�FOS, or
GOS�FOS�acidic-oligosaccharides and then
stimulated with bacterial lipopolysaccharide.
Work in broodmares has shown higher IgA con-
centrations in colostrum and foal serum when
mares were supplemented with MOS isolated from
yeast63 and whole-cell killed yeast containing
MOS and beta-glucans.64 Additionally, whole-
cell killed yeast–supplemented mares and their
foals had lower fecal IgA and IgG, suggesting a
downregulation or quieting of the inflammatory
gut immune response.64 Although not fed in the
diet, broodmares receiving weekly intramuscular
injections of a yeast-derived beta-glucan in late
gestation had higher IgG, IgG(T), and IgM in co-
lostrum and their foals had higher IgG(T) in se-
rum and improved neutrophil function.65 In
contrast, oral consumption of beta-glucan (170
mg/kg BW) supplied to mature, sedentary horses
in the form of a high beta-glucan oat variety or a
concentrated oat beta-glucan powder did not mit-
igate changes in leukocyte populations or alter
lymphocyte or neutrophil function, nor mucosal
IgA in response to a 12-hour head-elevation chal-
lenge.66 Older horses receiving a proprietary
yeast-derived prebiotic were reported to have
lower tumor necrosis factor alpha and interferon
gamma (in serum, and gene expression by lympho-
cytes stimulated ex vivo) compared with unsupple-
mented controls.67 A follow-up study utilizing
the same prebiotic showed an increased response
to influenza vaccination in aged horses.68 These
findings show potential for prebiotics to counter-
act age-associated inflammation and immunose-
nescence in older horses.
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Collectively, prebiotics have demonstrated some
promise in horses that may have compromised or in-
sufficient immunity; however, additional investigation
is needed to ascertain which prebiotics are effective
and in which scenarios their use is most appropriate.
In the meantime, emphasizing a fiber-based diet (e.g.,
high quality forages, beet pulp, soybean hulls) should
contribute to a healthier gastrointestinal tract.

5. Conclusions

The application of immuno-nutrition to the horse is a
relatively new area of study. As horse owners seek
complementary and holistic methods to maintain the
health of their horses, interest in nutrients that posi-
tively impact the immune system is gaining momen-
tum. All nutrients are important for supporting host
defense; thus, it is important to ensure minimum nu-
trient requirements are being met. For most healthy
performance horses, this means selecting high-quality
forages and appropriately formulated concentrates.
Some nutrients (e.g., omega-3 fatty acids, vitamin C)
have also demonstrated their ability to modify im-
mune function in some populations when fed above
requirements. Supplementing the diets of healthy
horses with these immunomodulating nutrients is not
likely to be of benefit—their immune system is already
functioning well and cannot be further “improved.”
However, in horses with compromised immunity (e.g.,
strenuous training/competition, foals, weaning, senior
horses, osteoarthritis, asthma, and endocrine disor-
ders), supplementation of the diet with immunomodu-
lating nutrients may help mitigate or reverse
perturbations of the immune system. There is still
much to learn on this topic in horses, including a
greater understanding of synergistic (or antagonistic)
effects between nutrients.
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1. Introduction

Mild equine asthma is associated with dust expo-
sure. The purpose of the study was to compare
respirable dust exposure and bronchoalveolar la-
vage (BAL) fluid cytology between racehorses fed
dry hay, steamed hay, and haylage.

2. Materials and Methods

Thoroughbred racehorses (n � 73) were randomly
assigned to be fed hay, steamed hay, or haylage for
6 weeks. A BAL was performed at baseline and
after 3 and 6 weeks. Differential cell counts were
performed on cytospin preparations. Respirable
dust was measured gravimetrically at the horse’s
breathing zone on 2 occasions. Mixed models
were constructed to examine the effect of forage
assignment upon BAL fluid cytology and respira-
ble dust. Adjusted P-values � .05 were consid-
ered significant.

3. Results and Discussion

Airway cytology data were obtained from 69 horses
at week 3 (hay � 24, steamed hay � 21, haylage �

24) and 53 horses at week 6 (hay � 17, steamed

hay � 18, haylage � 18). Feeding steamed hay
(0.056 � 0.018 mg/m3) or haylage (0.053 � 0.016
mg/m3) reduced horses’ exposure to respirable dust
compared to feeding hay (0.078 � 0.037 mg/m3; P �

.05). Horses eating haylage had a lower proportion
of BAL fluid neutrophils at week 3 (P � .025) and 6
(P � .003) compared to baseline and to hay at week
6 (P � .04). Horses eating haylage exhibited a de-
crease in mast cell proportions only at week 3 (P �

.008). Steamed hay and haylage reduced respira-
ble dust exposure, while only haylage significantly
decreased airway inflammation.
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1. Introduction

Omega-3 polyunsaturated fatty-acid (�-3)-derived
pro-resolving lipid mediators (PRLMs) promote in-
flammation resolution by increasing neutrophil ap-
optosis and clearance. The authors hypothesized
that horses eating low-dust high-�-3 forage (hay-
lage) will present a faster resolution of airway in-
flammation than low-dust low-�-3 forage (hay
pellets) and that PRLMs would increase apoptosis
efferocytosis of neutrophils.

2. Materials and Methods

Mild asthmatic horses previously eating hay were
fed pellets (low �-3, n � 10) or haylage (high �-3,
n � 9) for 6 weeks. Bronchoalveolar lavage (BAL)
was performed at baseline, week 3, and week 6. Dust
exposure was measured. Apoptosis of circulating
neutrophils and efferocytosis by alveolar macro-
phages were quantified by flow cytometry. Mixed
models were constructed to examine the effect of
forage on BAL cytology and PRLM treatments on
neutrophil apoptosis and efferocytosis. P � 0.05
was considered significant.

3. Results and Discussion

Dust exposure was higher with hay feeding (P � 0.01)
and equivalent between haylage and pellets (P � 0.9).
BAL neutrophil proportions decreased significantly in
horses fed haylage (baseline: 11.8 � 2.4%; week 6:
2.5 � 1.1%; P � 0.0017) but not in those that were fed
pellets (baseline: 12.1 � 2.3%; week 6: 8.5% � 1.7%;
P � 0.28). At week 6, horses eating haylage had
lower BAL neutrophil proportions than those eating
pellets (P � 0.014). PRLM treatments did not affect
neutrophil apoptosis or efferocytosis (P � 0.9). Only
horses fed haylage displayed resolution of airway in-
flammation despite similar dust exposure to those fed
pellets. This improvement was not associated with
an effect of PRLMs on neutrophil apoptosis or
efferocytosis.
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1. Introduction

Supplements containing turmeric (TUM) and devil’s
claw (DC) are commonly fed to horses to decrease
inflammation and pain. The purpose of this study
was to determine whether feeding a supplement con-
taining these botanicals caused worsening of gastric
ulcer scores, decreased body weight, increased gastric
juice pH, or altered blood parameters in horses.

2. Materials and Methods

Twelve Thoroughbred horses with equine gastric ulcer
syndrome (EGUS) scores � 0 were assigned to either
the treatment (TUM/DC supplement) or control (sup-
plement without TUM/DC) group. The supplements
were fed daily for 28 days. Gastroscopy was per-
formed on days 0, 14, and 28. The EGUS, non-glan-
dular ulcer number and severity (NGS), and glandular
number and severity scores were recorded. Body

weight, gastric juice pH, packed cell volume, total pro-
tein, and blood analyzer values were evaluated on
days 0 and 28. A mixed ANOVA model was used
with significance set at P � .05.

3. Results

Mean EGUS and NGS scores were significantly
lower in both treatment and control groups by day
14 and 28 when compared with day 0. Only two
horses in the treatment group had glandular lesions,
which resolved by day 14 and remained resolved by
day 28. Blood parameters, body weight, and gas-
tric juice pH did not change.

4. Discussion

The supplements did not cause worsening of squa-
mous ulcers. Further investigation in more horses
with glandular pathology is needed to determine its
effect on these lesions.
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1. Introduction

While the majority of horses and foals with colic
respond to medical management,1–3 early identifica-
tion of those with a strangulating obstruction is
imperative. The goals should be to manage the
majority of horses/foals medically, without delaying
surgery in those with a strangulation thereby max-
imizing the likelihood of an uncomplicated recovery
and successful return to their intended use. Care-
ful consideration of the patient history and detailed
physical examination can help with early identifica-
tion of an intestinal strangulation or at least prompt
the use of additional diagnostic tests.

2. Signalment and History

Knowing the patient signalment and obtaining a
detailed history provides information that can be
used to formulate a differential diagnosis list for the
horse with colic, develop a treatment regimen, and
devise a colic prevention plan. Recording the his-
tory as part of the medical record is also important
to provide accurate information for referral, for ref-
erence in the case of future colic episodes, and as
part of a preventative medicine program.

3. Signalment

While gas colic is by far the most common diagnosis
across most age, breed, and sex categories,1,2 the
signalment is critical for forming a differential diag-
noses list. Gas colic can be defined clinically by
horses with mild-to-moderate pain that resolves
spontaneously or with a single dose of an analgesic
drug and accounts for about 70–80% of colic epi-
sodes.1 Examples of diagnoses that should be
considered for specific signalments include the fol-
lowing:

● Neonate: Meconium retention, enterocolitis,
hypoxic-ischemic syndrome, jejunal intussus-
ception or volvulus, intestinal atresia

● Geriatric horse: Strangulating pedunculated
lipoma (small intestine or small colon), large
colon impaction

● Pregnant mare: Uterine torsion; colonic dis-
placement or volvulus, uterine artery hemor-
rhage, large colon impaction, parturition or
abortion, pregnancy-related discomfort

● Postpartum mare: Large colon volvulus,
postpartum hemorrhage, jejunal ischemia as-
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sociated with a mesenteric rent, small colon
injury, uterine involution

● Colt or stallion: Inguinal hernia, testicular
torsion

● Miniature horse: Small colon fecalith, large
colon impaction, trichobezoar

● Yearling: Ileocecal intussusception
● Weanling: Ascarid impaction, umbilical her-

nia with bowel entrapped

Signalment is also important because it may direct
the history taking process 1) if you are presented
with a mare showing colic signs, the reproduction
status requires investigation; 2) if you have an older
horse, underlying diseases should be considered;
and 3) in the case of a neonate, questions pertaining
to parturition, passive transfer of maternal antibod-
ies, and clinical signs shown by other foals on the
farm should be asked.

4. Obtaining the Patient History

Obtaining a thorough and accurate yet succinct pa-
tient history (Table 1) involves asking a few initial
key questions of the owner/caregiver, keeping the
owner/caregiver focused on answering the questions
thoroughly and concisely during an often stressful
situation, and then recognizing areas of the patient’s
history that require a more in-depth discussion that
may take place following the physical examination.
Having a standardized history sheet for horses with
colic can assist in obtaining a complete history with
each case.

While history taking is traditionally incorporated
into the first part of the patient evaluation, it is impor-
tant to recognize that the entire history does not need to
be obtained prior to examining the patient. However,
there are a few very pertinent historical facts that may
alter your initial approach to patient care and are typi-
cally obtained over the telephone prior to arrival on the
farm including specific signs being demonstrated by the
patient, duration of colic signs, and reproductive status of
mares (initial history).

The owner/caregiver should be able to describe
specifically the signs being shown by the horse or
foal. The term, “colic,” is often used to describe any
equine patient that is not quite normal. Recum-
bency and signs of dull demeanor and inappetence
are often described as colic. While these signs may
be associated with colic, other disease processes
should also be considered. Persistent recumbency
is more typical of a horse with neurological disease,
severe laminitis, trauma with musculoskeletal in-
jury, debility, or shock from other causes. Dull de-
meanor and inappetence can be associated with any
systemic disease process (e.g., colitis, pleuropneu-
monia, hepatic or renal disease, anaplasma) as well
as problems of the head and neck regions.

Signs specific for the horse with colic include paw-
ing at the ground, flank staring, kicking at the ab-
domen, and rolling. If the horse is not showing any
of these signs, it is likely to have another problem

rather than colic. Colic signs are often described as
mild, moderate, or severe:

● Mild colic signs include intermittent flank
staring and kicking at the abdomen, inappe-
tence, lying down, and occasional rolling.

Table 1. Pertinent History-Taking Questions for Equine Colic Cases45

Initial history

● What specific signs is your horse showing?

● What is the duration of time over which your horse

has been showing these signs? Have the signs

changed over this time?

● What is the reproductive status of the horse?

Appetite, water consumption, defecation, urination

● Has the horse’s appetite and water consumption

been within normal limits?

● Has the horse urinated or defecated recently? When

was the last time? What was the consistency of

feces?

Management

● What is the duration of time the horse has been

under the current ownership?

● What is the horse’s current feeding regimen? Dental

care?

● What is the horse’s water source?

● Is the horse stalled or on pasture?

● What is the horse’s exercise regimen?

● What is the intended use of the horse?

● Has there been any change in diet, water source,

housing, or exercise regimen?

● Has the horse traveled recently? Where and when?

● What is the horse’s vaccination and deworming

history?

Medical history

● Has the horse had signs of colic previously? Previous

colic surgery?

● Does the horse have any other medical problems?

● Is the horse currently being treated with any

medication? Has any medication been administered

for this episode of colic?

● Has the horse had a previous surgical procedure?

● Are the other horses on the farm healthy?

● Does the horse have any stable vices such as crib

biting or windsucking?

Specific for Mares

● Is the mare pregnant (Yes/No)?

● Days of gestation? Estimated due date?

● Have there been any problems during this

pregnancy (Yes/No)?

● If yes, what problems?

● Have there been problems with previous pregnancies

(Yes/No)?

● If yes, what problems?

● Number of previous pregnancies/foals?

● Has the mare recently foaled (Yes/No)? When?

● Was parturition normal (Yes/No)?

● If no, what were the problems?

● Did the mare pass her placenta normally (Yes/No)?

● Was the foal normal (Yes/No)?

● If no, what were the problems?

● Has the mare had previous colic associated with

pregnancy or the periparturient period (Yes/No)?

● If yes, what was the cause?

AAEP PROCEEDINGS � Vol. 66 � 2020 89

BACK TO BASICS: THE ACUTE ABDOMEN IN THE FIELD



● Moderate signs include more persistent rolling
but the horse can be distracted and remains
standing when walked. The horse may be
sweating.

● Severe signs of colic are persistent rolling and
thrashing, with difficulty keeping the horse
standing when it is walked. The horse is gen-
erally covered in sweat and often has multiple
abrasions to its head, tuber coxae, and limbs.

Clinical signs shown by the horse should also be
interpreted with regard to any analgesic medication
the owner may have administered. The change in
clinical signs over time should also be noted e.g.,
horses with large colon volvulus may have a history
of several hours of mild-to-moderate colic that has
recently become markedly more severe and horses
with gastric or cecal rupture may have had a history
of variable degrees of pain that has progressed to no
further signs of pain and shock (sweating, muscle
fasciculations, reluctance to move).

While the owner/caregiver can rarely give an ac-
curate time of when the colic signs actually began,
they should be able to tell you 1) when the signs
were first observed, and 2) when the horse or foal
was last observed to be normal. Knowledge of at
least an approximate duration of signs is important
when performing a differential diagnosis list (e.g.,
mild colic for 24 hours may indicate a large colon
impaction whereas a strangulating lesion is typi-
cally associated with an acute onset of severe pain).
Duration of colic is also vital for determining a di-
agnostic and treatment plan including the use of
diagnostic tests such as transabdominal ultrasono-
graphic and radiographic examination in horses
with recurrent colic, route of fluid therapy, and
whether or not to refer the horse.

Knowledge of a mare’s reproductive status is crit-
ical because management of colic in periparturient
mares can be particularly challenging from a diag-
nostic and therapeutic perspective.

A more detailed history can then be obtained once
the degree of pain and enough information to have
an initial impression of the patient status has been
gathered. The detailed history can provide infor-
mation pertaining to the likely cause of the current
colic episode as well as identify potential manage-
ment factors to change to prevent future colic.

5. Appetite, Water Consumption, Defecation, and

Urination

Whether or not the horse has been eating, drinking,
defecating, and urinating can provide an overall im-
pression of general wellbeing of the patient. This
information may not be available if the horse resides
at pasture, particularly if the horse is at pasture
with other horses. The owner/caregiver should be
asked about the horse’s recent feed intake, whether
or not the horse’s appetite has been normal, and
whether or not the horse has been drinking an ac-
ceptable volume of water. Nutritional needs of

horses are extremely variable and observation of
body condition score is likely the best way to deter-
mine the adequacy of nutrition. Whether the
horse’s appetite has changed and any associated
changes in body condition as well as the period of
time over which this has occurred are important to
note. Water consumption is variable and depen-
dent on the body weight of the horse, ambient tem-
perature, type of feed, activity level, and pregnancy
or lactation status. Typically an adult horse will
consume 35–70 L of water a day or about 7%–15% of
their body weight. Horses require 2–3 L of water
per kg of dry feed intake. The last observed defe-
cation amount and consistency should be noted.
Normal fecal output in an adult horse is 6–8 piles of
soft to firm formed feces a day. Whether or not the
horse has been observed to urinate or there were
several wet areas in the stall should be determined
and used to assess hydration status and renal
function.

6. Management

Type of feed provided, method of feeding, frequency
of feeding, and if there has been any change in
feeding regimen should be ascertained and may be
related to the colic signs.4

Specific hay types have been associated with cer-
tain causes of colic: Coastal Bermuda grass hay,
which is fed in the Southeastern United States, has
a strong association with ileal5 and possibly cecal
impactions; enterolithiasis has been associated with
feeding alfalfa hay6–8; and poor-quality hay and hay
in round bales has been associated with colic.9

Other examples of relationship between feed type
and colic include the association between colic and
feeding large amounts of concentrate (e.g., �2.5 kg/
day dry matter),10,11 which alter the contents of the
colon and may increase tympany and colonic dis-
placements12; equine gastric ulcer syndrome and
high concentrate diets13; and sand colic has been
associated with feeding on the ground in areas with
sand or gravel. Horses typically graze for about 18
hours each day and management practices of many
horses do not necessarily mimic the horses’ natural
grazing habits. Many studies on colic have found
an association between colic and less pasture
time.9,11,14 Alteration in diet and feeding practices
may be necessary to manage colic in some horses.
In several studies an association between change in
feed or feeding regimen and signs of colic has been
identified.9,10,11,14,15 The incidence of colic is also
higher during the spring and possibly autumn
months, which tend to be associated with a change
in feed particularly for pasture-fed horses.15,16

Lack of dental care has been associated with co-
lonic impactions.14

Access to ponds is associated with a decreased risk
of colic compared to other water sources.17 Lack of
access to water is also associated with colic.18 Own-
ers should be aware of the potential consequences of a
freezing water source during the winter months.
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The water source may not necessarily freeze but
become cold during the cooler months; water tem-
perature was found to affect consumption during
cold but not hot weather.19,20 During cold weather,
horses with only warm water available drink a
greater volume each day than if they have only icy
cold water available; however, if they have a choice
between warm and icy water, they drink almost
exclusively from the icy water and drink less vol-
ume than if they have only warm water available.
While the higher incidence of impactions occurring
during the winter months15 may be associated with
housing and diet, inadequate water intake during
these months may also be a contributing factor.
Mineral content of water should also be considered
in areas where horses are predisposed to enteroli-
thiasis.10,11 All horses should have a readily
available source of fresh, palatable water avail-
able and water intake monitored when possible.

An increase in the number of hours in a stall and
decrease in exposure to pasture and recent change
in exercise regimen increased the risk for colic and
simple colonic obstruction and distention.9,14 Horses
that are housed for 19–24 hours a day are at a partic-
ular risk for colic compared to horses at pas-
ture.9,10,14,17 Pasture access and duration of access,
however, have been associated with risk of equine
grass sickness in non-US geographical regions.21

Recent transportation has been associated with
colic. Horses that had a history of travel in the
previous 24 hours had an increased risk of simple
colonic obstruction and distention compared to
horses that had not been transported.14 Stress,
change in diet/water consumption, and possibly re-
stricted movement are likely related to the associa-
tion between travel and colic. There has also been
an association between transportation and salmo-
nellosis. Transportation had a major role in
reactivating Salmonella sp. infection in carrier po-
nies22 and horses with a travel time to the hospital
�1 hour were at an increased risk for shedding
salmonella compared to horses with a shorter travel
time.23

Knowledge of where the horse has previously re-
sided as well as when and for how long the horse was
in that region may help with diagnosis. While
there may not be an association between geograph-
ical region and occurrence of colic,16 specific types of
colic tend to occur in different regions:

● Enterolithiasis is particularly common in
California.7,8

● Ileal impaction is associated with horses resid-
ing in the southeastern United States.5

● Sand colic occurs in horses residing in regions
with sandy soil such as Arizona, California,
Florida, New Jersey, and Delaware.

● Duodenitis-proximal jejunitis is geographi-
cally variable with California having a lower
incidence compared to other regions and the
disease seeming to occur with greater severity

in the southeastern compared to the northeast-
ern United States.24,25

History of anthelmintic therapy including the an-
thelmintic(s) used, frequency of administration, and
results of monitoring of parasite burden need to be
obtained. While historically Strongylus vulgaris
(large red worm) was associated with colic, with the
development of ivermectin-based anthelmintics the
role of S. vulgaris in colic has diminished.4 Anaplo-
cephala perfoliata (tapeworms) have been associated
with gas colic, ileal impaction, ileocecal, cecocecal,
and cecocolic intussusceptions, and cecal impac-
tion4,26 and treatment with praziquantal tartrate or
pyrantel pamoate (double dose) should be part of the
anthelmintic regimen. Cyathostomes (small red
worms) have been associated with cecal and large
colon lesions4,27,28 and Parascaris equorum (round
worms) have been associated with intestinal ob-
struction, rupture, peritonitis, intussusception, or
abscessation in foals.4,29 Monitoring of resistance
of these parasites to routinely used anthelmintics is
recommended on large farms. Horses that were
not treated with an ivermectin- or moxidectin-based
anthelmintic within the previous 12 months12 or
were not on a regular deworming program6 were
predisposed to colic and horses recently adminis-
tered an anthelmintic were at a decreased risk of
colic.9 Recent anthelmintic administration, how-
ever, within 7–8 days was associated with colic10

and ascarid impactions.29 Vaccination history is
also important particularly in cases where it may
not be clear that the horse is showing signs of colic.

7. Medical History

Horses that have had previous colic surgery and
previous episodes of colic are predisposed to col-
ic.10,11,14,16–18 Horses with a large colon volvulus
and displacement necessitating surgical correction
were significantly more likely to colic after surgery if
they had more than one episode of colic prior to the
one necessitating surgery.30,31 The specific diagno-
sis and procedure performed during a previous colic
surgery often provides an indication of the cause of
colic e.g., colonic displacements and large colon vol-
vulus have a tendency to recur and horses having
had small intestinal or small colon surgery are pre-
disposed to adhesions. Often owners/caregivers
may be aware of previous colic or colic surgery but
with no knowledge of the specific lesion. Owners/
caregivers should be encouraged to keep records of
the horses under their care so that this information
is readily available to the attending veterinarian.
The frequency and severity of previous colic episodes
should be recorded. Recurrent colic warrants a
more in-depth diagnostic work up, albeit not neces-
sarily on an emergency basis.

Knowledge of current or recent medication includ-
ing dose rate, route, and frequency of administration
that the horse is or was receiving is critical so that
treatment can be continued should the horse become
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hospitalized; drug toxicity that may be manifest as
colic can be identified; and treatment for colic with
potentially toxic drugs does not result in toxicity
from overdosing.

There are certain causes of colic associated with a
particular medical history. Acute colitis should be
considered in horses with a history of antimicrobial
drug administration. Horses with colitis can ini-
tially show signs of colic that progress to dull de-
meanor and diarrhea. Colitis should be considered
particularly in horses with a fever. Cecal impac-
tion should be considered in horses with a history of
recent surgery or stall confinement for an injury.
Recent lameness has been associated with colonic
impaction.14 Right dorsal colitis should also be
considered in a horse presenting for colic and diar-
rhea with a history of nonsteroidal anti-inflamma-
tory drug use.

Whether or not the owner has administered any
medication for the current episode of colic, including
the route of administration, dose rate, and fre-
quency, should be noted.

Knowledge of recent medical problems of other
horses stabled at the same location may be useful to
determine a diagnosis and assist with recommenda-
tions for prevention and treatment.

Stable vices, such as crib biting or windsucking,
have been recently associated with colonic colic and
epiploic foramen entrapment.32

8. Physical Examination

Physical examination, along with obtaining a thor-
ough patient history, remains the cornerstone of
good veterinary medicine. Information obtained
during physical examination of the colic patient is
used to confirm that the horse has gastrointestinal
disease and determine the severity and possible
cause, direct analgesic and fluid therapy, make de-
cisions with regard to medical or surgical treatment,
and provide the owners with some indication of
prognosis. Meticulous medical records are neces-
sary so that trends over time can be observed, all
abnormal findings can be noted, and information
can be accurately and completely communicated if
referral is necessary. Should the horse have recur-
rent colic, comparison of physical examination find-
ings on each occurrence can be made. Examining
the colic patient begins with making several initial
observations. Physical examination should begin
with a rapid assessment of the patient’s cardiovas-
cular stability. Once a rapid patient assessment is
performed and the horse is determined to be cardio-
vascularly stable or unstable, the physical examina-
tion can be completed. Of note is that when using
various physical examination findings for patient
assessment, observation of trends over time and use
of multiple indices is more useful than the use of one
index at one point in time.

9. Initial Observation

Patient examination begins with a careful 30–60-
second observation. Particular attention should be
paid to the horse’s body condition. Poor body con-
dition may be an indication of an underlying disease
process, inadequate nutrition, or poor dentition.
Demeanor or attitude is described as bright, alert,
and responsive; quiet and alert; dull, or obtunded.
Horses with colic are generally bright and alert.
On the other hand, horses with colitis, proximal
enteritis, or peritonitis, including gastrointestinal
rupture, tend to have a dull demeanor. Abnormal
demeanor should also be considered with some
neurological diseases or toxicity. Assessment of de-
meanor should take into consideration recent seda-
tive/analgesic drug administration. Evidence of
inappropriate sweating can be an indication of se-
vere pain or shock. Abdominal distention when
mild can be difficult to assess unless the veterinar-
ian is familiar with the horse’s normal abdominal
contour. Moderate-to-severe abdominal distention
is more easily discernible and is generally an indi-
cation of a large intestinal obstruction. One excep-
tion is a small intestinal mesenteric root volvulus.
Asymmetry of abdominal distention can provide
some evidence of the type of lesion (e.g., when the
horse is standing squarely, horses with a nephro-
splenic entrapment may have more distention on
the left side and cecal tympany or impaction may
result in more apparent distention on the right side
of the abdomen). Abrasions occurring on the head,
tuber coxae, and limbs are an indication that the
horse at least at some point was showing signs con-
sistent with severe abdominal pain. A strangulat-
ing obstruction should be considered in any horse
with abrasions, even very small abrasions, associ-
ated with colic. Occasionally, a horse will be exam-
ined for an apparent primary laceration, unbeknown
to the owner/caregiver and veterinarian that the
horse sustained the injury during an episode of colic.
Therefore, when evaluating a horse with trauma of
unknown origin, colic should be considered as a po-
tential cause and warrants careful observation.

The degree of pain should be assessed. Signs of
abdominal pain may be observed initially; however,
horses with mild colic are often easily distracted and
may not demonstrate signs when being restrained.
Once an initial physical examination is completed, it
is recommended to allow the horse to be unre-
strained in a stall for a brief period so that the signs
of colic can be carefully observed, prior to adminis-
tration of sedation if the horse is not particularly
painful. It is often during this observation period
that it is determined if the horse truly has colic
(more common) or has other disease process such as
neurological disease.

Severity of pain along with degree of abdominal
distention, and frequency of intestinal borborygmi
can be used to evaluate the colic severity.33,34

Moderate-to-severe colic observed during the initial
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examination, persistent colic, and return of colic
signs following provision of analgesia is associated
with the need for surgery.33 Although poorly doc-
umented, older horses (late teens and older) tend to
less readily and less dramatically demonstrate colic
signs compared to younger horses (yearlings and
2–3-year-olds) and foals and this should be taken
into consideration.

10. Rapid Assessment of Cardiovascular Status

The cardiovascular status of the horse can be as-
sessed quickly and thoroughly to determine the
severity of disease and the need for emergency re-
suscitation with intravenous fluids (Table 2). The
cardiovascular status of the patient can be rapidly
assessed by obtaining a heart rate and examining
the oral mucous membrane color, moistness, and
capillary refill time (CRT). Jugular vein filling,
pulse quality, and extremity temperature can pro-
vide more specific information with regard to hydra-
tion, vascular volume, and tissue perfusion. Note
that a nasogastric tube should be passed immedi-
ately in any horse with a heart rate �60 beats/
minute because it can be an indication of pending
gastric rupture. Older foals and weanlings tend to
have a variable heart rate that is slightly higher
than that of an adult; however, the heart rate should
be within the adult range by 6 months of
age. Tachycardia is generally an indication of pain
or shock. In colic patients, tachycardia up to 60
beats/minute can be associated with pain alone.

Once the heart rate is �70 beats/minute, the horse
is likely to have some degree of shock. Shock is
defined as insufficient oxygen delivery to the cell
leading to inadequate cellular ATP production and
depletion of ATP supply. Failure of the energy
(ATP)-dependent Na�/K� pump ultimately results
in cell death. Tachycardia is one compensatory
mechanism associated with sympathetic stimula-
tion to increase cardiac output and oxygen delivery
to the tissues. Because of its association with pain
and shock, heart rate has a strong association with
prognosis for horses with colic.35–40 Heart rate
along with packed cell volume (PCV) and blood lac-
tate and plasma creatinine concentrations are a good
indication of the degree of shock, likelihood of postop-
erative complications, and prognosis for survival.
Alpha-2 agonists (i.e., xylazine and detomidine) cause
a reflex bradycardia and heart rate measurements
should be interpreted in light of recent medication.
The effects of the alpha-2 agonists should have sub-
sided within 1–2 hours of administration. Tachycar-
dia that is inconsistent with other clinical findings
(e.g., a horse with a heart rate of 90 beats/minute and
no other clinical indication of pain or shock) may be
associated with an arrhythmia. An electrocardio-
gram should be obtained. Arrhythmias are uncom-
mon in colic patients but may include ventricular
tachycardia or atrial fibrillation.

Normal mucous membranes should be pale pink
and moist. The CRT time should be �2 seconds.
Injected membranes that are bright pink to red with

Table 2. Assessment of the Cardiovascular System46

Cardiovascular Status Clinical Signs

Normal Bright, alert, and responsive

Heart rate �48 beats/minute

Mucous membranes pink, moist, CRT �2 seconds

Warm extremities

Good jugular refill

Good pulse quality

Mild dehydration Bright or quiet, alert, and responsive

Heart rate �48 beats/minute but if painful up to 60 beats/minute

Mucous membranes pink, tacky, CRT 2–3 seconds

Warm extremities

Good jugular refill

Good pulse quality

Moderate dehydration and hypovolemia Quiet but alert and responsive

Heart rate 62–76 beats/minute

Mucous membranes variable color, tacky to dry, CRT �3 seconds

Cooler extremities

Slow jugular refill

Pulse quality variable

Severe dehydration and hypovolemia (shock) Dull mentation or moribund

Heart rate 80–120 beats/minute

Dry, injected/toxic (endotoxemia), or pale (hemorrhage) mucous

membranes with a CRT �3 seconds

Cool extremities

Poor jugular refill

Peripheral pulses difficult to palpate

CRT, capillary refill time.
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or without a toxic line are usually associated with
endotoxemia. Severely injected red to purple mu-
cous membranes are generally associated with gas-
trointestinal tract rupture, colitis, or an extensive
and prolonged strangulating obstruction. Abnor-
mal mucous membranes have been used in models
to estimate colic severity score.41 Tachycardia with
pale mucous membranes may be an indication of
hemorrhage. Mucous membranes should be moist.
Tacky mucous membranes are an indication of mild-
to-moderate dehydration (i.e., loss of total body wa-
ter with loss of water from the interstitial tissue)
and may be corrected with either enteral or intrave-
nous fluids. Dry mucous membranes are associ-
ated with moderate to severe dehydration. Dry
mucous membranes may be observed in horses with
a prolonged duration of colic or causes of colic in
which a large volume fluid is lost into the gastroin-
testinal tract. Severe dehydration should be treated
with intravenous fluids. Prolonged CRT is observed
in horses with hypovolemia and poor tissue perfu-
sion and is an indication for intravenous fluid
therapy.

Jugular refill time is measured by holding off the
jugular vein in the lower neck and observing the
time taken to fill the vein. Jugular refill time
should be �2 seconds in a well-hydrated horse.
Poor jugular refill (�3 seconds) is generally associ-
ated with more serious causes of colic and indicates
hypovolemia and the need for intravenous fluids.

Extremities (distal limbs, ears, nose) should be
warm to the touch. Cool extremities generally rep-
resent poor tissue perfusion as a result of peripheral
vasoconstriction to maintain circulation of vital or-
gans. Ambient temperature should be taken into
consideration when evaluating extremity temperature.

The pulse can be palpated in the facial artery and
should be easily palpated, regular, and strong.
With signs of hypovolemia and poor cardiac output
the pulse quality will deteriorate to become barely
palpable. During the hyperdynamic phase of shock
bounding pulses may be palpated.

11. Evaluation of the Gastrointestinal Tract

The gastrointestinal tract is evaluated initially by
ausculting the four abdominal quadrants for borbo-
rygmi. Normal borborygmi have a constant low-
grade rumbling associated with gas and fluid
moving through the gastrointestinal tract. Horses
that have been inappetent or had feed withheld usu-
ally have hypomotile borborygmi. An absent of bor-
borygmi is generally associated with the need for
abdominal surgery41 and typically noted in horses
with strangulating intestinal obstructions. Hyper-
motile intestinal borborygmi can occur with mild-to-
moderate colitis. Disparity in intestinal borborygmi
between the left and right side of the abdomen may
be used to identify the lesion site (e.g., intestinal
borborygmi may be decreased on the left side in a
horse with a nephrosplenic entrapment and the
right side in a horse with a cecal impaction). Sand

accumulation can be auscultated in some horses on
the ventral abdomen caudal to the xiphoid process
and is similar to the sound produced if a paper bag
were partially filled with sand and slowly ro-
tated.42,43 The gastrointestinal function is also
assessed based on historical information and obser-
vation. The horse’s appetite, fecal output and con-
sistency, and degree of abdominal distention are
used with auscultation of borborygmi to complete
the initial assessment of gastrointestinal function.

12. Rectal Temperature

Rectal temperature should be performed prior to
abdominal palpation per rectum to obtain an accu-
rate measurement. Rectal temperature should be
within normal limits for horses (99–101°F [37.2–
38.3°C]) and foals (100–102°F [37.8–38.9°C]) with
colic. Reasons for a high rectal temperature are
hyperthermia (an elevated body temperature due to
failed thermoregulation) or fever (elevation of temper-
ature above the normal range due to an increase in the
body temperature regulatory set-point). Fever is re-
sponsive to treatment with anti-inflammatory drugs
and is typically more common in horses with colic.
Colitis, enteritis, peritonitis, or a respiratory tract
infection should be suspected in horses with pyrexia
particularly if the rectal temperature is �102°F
(38.9°C). Horses do not typically develop pyrexia
associated with stress or pain. Endotoxemia, how-
ever, does produce a fever and, therefore, a mild
fever may be observed in horses with colic, particularly
those with strangulating obstructions.

13. Respiratory Rate and Evaluation of the Respiratory

System

Normal respiratory rate should be 8–12 breaths/
minute. Normal respiration in the adult horse is
barely visible by observing the nares or thorax/ab-
domen. Horses with pain, fever, shock, or respira-
tory tract disease will have a high respiratory rate.
The most common reason for a high respiratory rate
in a horse with colic is pain. Nostril flare will be
observed and is a subtle yet important indication of
pain particularly in stoic patients (e.g., geriatric
horses). Respiratory rate has been associated with
prognosis for short-term survival in a few retrospec-
tive studies35,36,38,41 but is more likely an indication
of pain necessitating intensive medical or surgical
treatment.

Horses with shock are usually severely tachy-
pneic. Marked abdominal distention can cause in-
adequate ventilation and tachypnea in an effort to
exchange adequate air with a decrease in diaphragm
compliance. Trocharization may be indicated in
such cases.

Fever can lead to a high respiratory rate. Tachy-
pnea with respiratory rates �40 breaths/minute and
even �100 breaths/minute has been observed in fe-
brile horses administered an alpha-2 adrenergic ag-
onist (i.e., xylazine or detomidine).44 Tachypnea
was observed for at least 1–5 minutes following drug
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administration and was also associated with a likely
unrelated antipyretic effect.44 While the response
of febrile horses to sedation with xylazine or deto-
midine can be dramatic, it does not appear to nega-
tively impact the health of the patient.

Occasionally, a horse or foal showing signs of colic
will have underlying respiratory tract disease.
A thorough examination of the respiratory system
should be performed in these horses. Complete
evaluation of the respiratory system involves exam-
ination of the nares for discharge and odor; history
of a cough; ability to elicit a cough with tracheal
palpation; percussion; and thoracic and tracheal
auscultation without and then with a rebreathing
bag to identify wheezes/crackles and areas with poor
air movement. The response to the rebreathing ex-
amination should be assessed with most horses not
becoming distressed during the examination and
having a normal respiratory rate within 1–3 breaths
following removal of the bag. Distress, coughing,
and prolonged recovery should be considered abnor-
mal and warrants further diagnostic tests. Thoracic
ultrasonographic and radiographic examination and
transtracheal wash to obtain a sample for cytology and
bacterial culture and sensitivity testing can be per-
formed if signs are localized to the thorax.

14. Digital Pulses

Laminitis is uncommon in horses with colic and is a
relatively rare postoperative complication, the excep-
tion being horses with colitis, enteritis, or peritonitis,
and those developing a high fever. However, horses
with a previous history of laminitis do anecdotally
appear to be predisposed. Digital pulses should be
palpated on the initial examination and the hoof
temperature and any signs of lameness noted to
establish a baseline to which future assessments can
be compared.

Obtaining a detailed history and performing a
thorough physical examination, not the least of
which are some careful observations of the patient,
should help with the decision to continue with med-
ical management, pursue additional diagnostic tests
in the field, or refer for further evaluation and
treatment.
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1. Introduction

A critically important component of the examination
of a horse with acute abdominal pain is abdominal
palpation per rectum. Although only 25–35% of the
equine abdomen is palpable per rectum, rectal ex-
amination findings play an important role in the
diagnosis of the underlying cause of colic signs and
often contribute to a decision for the need for surgi-
cal exploration when combined with other clinical
findings. Abdominal palpation per rectum should
be performed in all horses presenting to a veterinar-
ian for assessment of acute abdominal pain, unless
circumstances such as size or temperament place
the horse or veterinarian at unnecessary risk of
injury. In addition to the acute abdominal patient,
horses with a history of persistent or recurrent colic,
chronic diarrhea, chronic weight loss, or fever of
unknown origin are good candidates for a thorough
abdominal examination per rectum.1

Certain conditions may be definitively diagnosed
via palpation per rectum, such as feed impaction at
the pelvic flexure, herniation of small intestine
through the inguinal canal in a stallion, and uterine
torsion. There are many others conditions whose
diagnosis can be facilitated by palpation per rectum,
including, but not limited to, gas distention of the
large colon or cecum, left dorsal colonic displace-

ment (nephrosplenic entrapment), right dorsal co-
lonic displacement, cecal impaction, small intestinal
distension, ileal impaction, perirectal masses, and
intra-abdominal masses. Although most experi-
enced clinicians feel confident in their diagnosis
based on palpation per rectum, numerous studies
have identified a marginal degree of accuracy be-
tween preoperative or antemortem diagnosis and
the definitive diagnosis. For example, a study eval-
uating cases of inguinal hernia reported that 13 of
27 cases were missed during the initial evaluation,2

and in a study of 59 cases of surgically treated ne-
phrosplenic entrapment, 34 had lesions other than
or in addition to nephrosplenic entrapment.3 Sim-
ilarly, cecal impaction is a frequently missed diag-
nosis, with only 14 of 48 horses correctly diagnosed
on initial examination.4

The key points in this review of abdominal palpa-
tion per rectum in the horse with colic include rec-
ommendations for preparation and technique for
optimizing diagnostic capabilities and safety, de-
scription of normal anatomic structures, and abnor-
mal palpation findings for specific conditions.

2. Preparation and Technique

The most critical component of transrectal palpation
is proper restraint to ensure a safe procedure for the
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patient, the examiner, and the handler. Conse-
quences of inappropriate or inadequate restraint
could include a catastrophic iatrogenic rectal tear for
the patient and bodily harm to the examiner. It is
important to have an experienced handler, standing
on the same side as the examiner, and ideally, the
horse is restrained within stocks. Horses exhibiting
unrelenting pain or those resistant to palpation should
be properly sedated for the examination with an �-2
agonist, such as xylazine HCla (0.3–0.6 mg/kg intra-
venous [IV]) or detomidine HClb (10–15 �g/kg IV) in
combination with butorphanolc (0.01–0.02 mg/kg
IV). The addition of butorphanol is optimal for the
safety of the examiner to lessen the potential to be
kicked. The use of a nose twitch may also be ap-
plied by an experienced handler if further restraint
is needed. If palpation feels restricted despite se-
dation due to peristaltic activity, excessive gas dis-
tension, or generalized tension within the rectum, a
low or therapeutic dose of N-butylscopolammonium
bromided (0.15–0.3 mg/kg IV) can be administered
to promote relaxation of the smooth muscle of the
gastrointestinal tract, temporarily abolishing peri-
stalsis and rectal pressure. Even at the low dose,
the effect is profound, occurring within 1 minute of
administration, and potentially lessens the risk
of iatrogenic injury to the rectum in addition to
improving the diagnostic capability of the examina-
tion by allowing a greater exploration of the abdom-
inal cavity with reduced resistance from straining.
Some veterinarians prefer to use a 50- to 60-ml dose
of topical 2% lidocaine HCle in the rectum; however,
this has been shown to be inferior to N-butylscopol-
ammonium bromide for rectal relaxation.5 The au-
thor occasionally uses a 60-ml volume of lidocaine
infused directly into the terminal rectum of horses
that exhibit muscular stenosis of the anal sphincter
during examination by using a catheter-tipped sy-
ringe but prefers N-butylscopolammonium bromide
to improve diagnostic capabilities. Ideally, an at-
tempt at palpation prior to administering N-bu-
tylscopolammonium bromide will have occurred to
both assess whether a dose is indicated (e.g., strain-
ing is present) and to get a more accurate represen-
tation of the degree of colon distension present, as in
the author’s experience, N-butylscopolammonium
bromide markedly “softens” the feel of a distended
viscus. Also recall that it will increase heart rate
and blood pressure and the impact on heart rate will
persist for up to an hour.6

To begin the examination, apply a rectal sleeve
that is liberally lubricated with carboxymethylcellu-
lose. The hand and arm should be gently advanced
into the rectum and distal descending (small) colon
as far as possible while complying with any peristal-
tic contractions, sometimes requiring backing out in
part to avoid excessive pressure on the rectal wall.
Be particularly wary of any explosive movements,
such as those associated with a cough or an agitated
horse resistant to palpation. As much fecal mate-
rial as possible, if present, should be evacuated prior

to beginning the palpation, and fecal characteristics
should be noted as they may assist in diagnosis.
Deep extension of the arm into the abdomen will
allow for a more thorough exploration.

A strategic and consistent approach to palpation
will reap the greatest benefits for identification of
gastrointestinal lesions, keeping in mind that many
horses will present limitations based on the degree
of distension or lack of relaxation. First, begin with
identification of the left kidney and associated ne-
phrosplenic ligament and proximal border of the
spleen normally present against the left body wall.
Next, examine the right dorsal quadrant, paying
particular attention to the vertically oriented ven-
tral band of the cecum and its location in relation to
the large colon. Then, examine the right ventral
and left ventral abdomen for the presence of nor-
mal and abnormal visceral distention and position.
Last, palpate the more caudal structures within the
pelvic canal as the arm is extracted. A thorough
examination will, in most instances, provide infor-
mation about the segment of intestine involved and
the severity of the condition, with a definitive diag-
nosis possible in several instances, when evaluated
in context with other clinical findings.

3. Normal Anatomy

Structures that are expected to be palpable in the
normal horse include the caudal pole of the left
kidney, lying in the left dorsal abdomen, with its
associated nephrosplenic ligament, extending from
the ventrolateral aspect of the left kidney toward the
hilus of the spleen on its axial, visceral surface.
The dorsocaudal border of the spleen is palpable as
well and should feel smooth with sharp borders.
The descending colon with its distinctive fecal balls
and mobility will often be the most prominent fea-
ture in the normal horse within the left dorsocaudal
abdominal quadrant. Centrally along the dorsum,
the descending aorta may be palpable, and its
quadrification into the left and right internal and
external iliac arteries should be identified. The
ventral band of the cecum is a key landmark in the
right dorsal to central abdomen, recognizable by its
vertical orientation in the abdomen and extending
from the right caudodorsal body wall cranioven-
trally toward midline, with the cecum primarily fill-
ing the right dorsal and ventral quadrants. Full
extension of the arm into the abdomen is often nec-
essary to identify this landmark. A small amount
of gas is normally palpable within the cecum, but
there should be no tension on the ventral band and
content should be very soft or fluidy. The duode-
num courses caudal to the cecal base and is not often
palpable in the absence of pathology or distension,
as with the rest of the small intestine. The pelvic
flexure, or at least components of the left ascending
colon, should be palpable within the left ventral
quadrant, containing soft digesta in some instances.
The pelvic flexure is recognized by its diameter,
presence of soft digesta, and smooth surface charac-
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Table 1. Common Conditions and Expected Findings on Transrectal Palpation in Horses with Acute Abdominal Disease

Abnormal Condition Expected Findings

SI obstruction Nonspecific small intestinal distention is an indication of either a functional or mechanical

obstruction. One or more loops of fluid- or gas-distended SI will be evident as slippery

and smooth tubular structures generally between 4–8 cm in diameter. A distended or

thickened duodenum may be palpable as a horizontally positioned loop in the dorsal and

central to right abdomen as it courses around the base of the cecum.

Ileal impaction Generalized SI distention is palpable in 96% of cases with 25% having a palpable

impaction.7 This may be evident as a firm, tubular structure in the center of the

abdomen just medial to the cecum.

Herniation of SI through an

inguinal ring

Generalized SI distention may be present. A taut band of mesentery and associated SI will

be palpable coursing into an inguinal ring, just cranial to the brim of the pelvis. Pain

may often be elicited with traction on the mesentery or ileocecal band/cecum. Palpation

of the scrotum should be performed on every stallion with acute, severe colic.

Intussusception Jejunojejunal intussusception results in generalized SI distention with rare ability to

palpate the intussusception as a markedly thickened, edematous tubular structure in

the caudal abdomen. Ileocecal intussusception is difficult to palpate but, in rare

circumstances, may be identified as a turgid, tubular mass in the RD abdomen within

the cecum.1

Duodenitis/proximal jejunitis Proximal enteritis will most commonly have evidence of generalized SI distention, unless

early in the disease process. The duodenum may more likely be palpable in these cases

and occasionally may have a slightly thickened feel. Degree of distention of SI typically

is not as severe as with strangulating SI obstructions.

LC impaction secondary to SI

obstruction

With any form of SI obstruction, the LC ingesta will often become dehydrated secondary

to loss of fluid input from the SI. In this case, the colon will feel firm but often has a

distinctive feel with prominent taenia and haustra and a more uneven firm surface

reminiscent of a “shrink-wrapped” feel of desiccated ingesta. This is commonly

misinterpreted as a primary LC impaction, resulting in delays in appropriate treatment

for SI disease.

LC primary impaction of the pelvic

flexure

With impaction of the pelvic flexure, the colon will feel enlarged with doughy to firm

contents within the smooth, pelvic flexure, usually extending into the adjacent dorsal or

ventral left colons. The colon will be stretched and smooth, unlike the feel of desiccated

content secondary to SI obstruction.

LC primary impaction of the RD

colon

RD colon impaction likely represents the most common area of LC obstruction, but its

diagnosis is presumptive in most cases. As the RD colon is beyond reach during rectal

palpation in all but the smallest horses with the largest impactions, the diagnosis is

based on clinical findings, history, and absence of fecal output. Expected findings are a

lack of abnormalities.

LCV LCV is most commonly characterized by extreme large colon distension, sometimes to the

point of not being able to extend the arm into the abdomen beyond the wrist. Colonic

wall thickening may be appreciated and associated with venous congestion and edema.

Taenia may course horizontally as the colon expands to fit within a limited space.

However, early LCV may not have distention present with limited distinguishing

features on palpation. It is often unnecessary and unsafe to palpate the LCV patient due

to unrelenting pain dictating a clear need for surgery or euthanasia. Ultrasonographic

examination can facilitate a rapid diagnosis by the detection of colonic wall edema in the

ventral abdomen.

LDD—nephrosplenic entrapment The primary characteristic of a LDD is palpation of most of the colon on the left side of

the abdomen, combined with the ability to follow the taenia of the colon cranially and

dorsally on the left, coursing lateral to the left kidney. The proximal border of the spleen

will remain against the left body wall but will be displaced ventrally. When severe colon

distention is present, diagnosis may be more difficult and palpation of the left kidney

and spleen may be obscured by the colon.

RDD RDD may occur in a few configurations but, by definition, requires movement of the left

ventral and dorsal colon to a location on the right, lateral to the cecum. In many

instances, the left colon will exhibit a 180-degree volvulus and the prominent taenia and

haustra of the left ventral colon will be evident dorsally and traveling cranially on the

right side of the abdomen. If colon distention does not obscure identification of the

ventral band of the cecum, a more definitive diagnosis can be made when the ventral

band is identified medial to the large colon. It is common to palpate distended colon

with taenia horizontally positioned and traveling cranially to the right, or on occasion,

the pelvic flexure will be immediately identifiable within the pelvic inlet. Following the

colon from the pelvic flexure will reveal its track to the right body wall, lateral to the

ventral band of the cecum.
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terized by the absence of distinct taenia and haus-
tra, which is an anatomical feature of the ventral
colon. It is not abnormal to be unable to identify
the pelvic flexure, as it will undergo some natural
movement in the abdomen and may be indistinct if
lacking digesta. Colonic tenia in the left abdominal
region should course cranially and remain on the left
side of the abdomen, to the left of the ventral cecal
band. Other palpable structures include uterus
and ovaries in the mare, inguinal rings in the stal-

lion, and the bladder, particularly when distended
with urine. The mesenteric root may sometimes be
palpable but only when under some degree of ten-
sion under abnormal conditions.

4. Abnormal Anatomy

Table 1 describes characteristic findings identified
upon palpation per rectum that are associated with
a variety of conditions causing colic. Illustrations
and animated clips of many of these conditions can

Table 1. (continued)

Abnormal Condition Expected Findings

Enterolithiasis—LC Obstructive enterolithiasis of the LC is often characterized by a lack of any abnormalities

on transrectal palpation. History and clinical signs are critical in these cases to consider

this diagnosis in the absence of abnormalities on palpation. When complete obstruction

occurs within the transverse colon, large colon and cecal distention will be evident.

Enterolithiasis—SC Obstructive enterolithiasis involving the descending or SC is most commonly characterized

by progressive abdominal distention with gas due to both cecal and large colon gas

accumulation. A baseball-sized enterolith may be palpable within the SC in rare

circumstances.

SC fecalith SC fecaliths can occasionally be identified upon rectal palpation as very firm, fecal

impactions within the SC accompanied commonly by extensive SC, LC, and cecal gas

distention. The SC can be distinguished by its small diameter and presence of

characteristic mesenteric and antimesenteric taenia.

SC impaction A true SC impaction does not consist of firm, stacked fecal balls but, rather, is a

pathologic impaction secondary to SC inflammation. It is nearly always preceded by an

episode of diarrhea that subsequently becomes desiccated, resulting in a firm, tubular

segment of variable length. Careful palpation will identify the antimesenteric taenia

that distinguishes SC from the pelvic flexure or SI. The other distinctive finding in

many of these cases is edema of the rectal wall with a fragile feel to the wall.

Cecal distension The cecum may become distended with fluid and/or gas as either a primary (impaction/

dysfunction) or secondary process. A fluid-filled cecum will be characterized by a tight

ventral band, often pulled ventral and slightly toward the left. When severe, gas-

distended cecum may be difficult to differentiate from LC distention, but they often

occur concurrently.

Cecal cupula impaction True cecal impactions with dried digesta frequently affect the cecal cupula (cranial aspect

of the cecal base) and are palpable as a large diameter, digesta-filled, indentable viscus

in the RD to central abdomen. They can sometimes be distinguished from LC impactions

by their diameter and identification of the vertically oriented ventral cecal band over the

caudal surface. As the cecum is attached to the dorsal body wall, palpation may help

distinguish a cecal impaction from a LC impaction as the hand cannot pass dorsally

along the surface of the distended cecum.4

Cecal dysfunction Cecal dysfunction most commonly follows elective procedures, often including NSAID use.

Early signs may consist of increased tension in the ventral cecal band.

Perirectal mass Perirectal masses commonly present for colic secondary to a rectal impaction and

subsequent tenesmus. A thorough, circumferential palpation of the perirectal region will

facilitate diagnosis, as it is easy to bypass the region during palpation and fail to

recognize the mass.

Ruptured viscus The findings on rectal palpation for horses with a ruptured GI tract will depend, in part,

on the location of the rupture along with the duration and degree of gas present in the

peritoneal cavity. If a moderate quantity of gas is present, this will eliminate the normal

negative pressure within the peritoneal cavity, providing unusually free movement of

the arm during palpation. Other common findings are emphysema or a gritty texture on

serosal surfaces. These findings will be accompanied by signs of septic shock in all

instances.

Intra-abdominal abscess A large, extraluminal mass may be palpable in the central abdomen, sometimes arising

from mesenteric lymph nodes. Alternatively, they may be secondary to small

perforations of bowel and be located in variable locations. Diagnosis may be facilitated

by transrectal ultrasound along with history and other diagnostic findings.

Abbreviations: SI, small intestine; LC, large colon; RD, right dorsal; RDD, right dorsal displacement; LDD, left dorsal displacement;
LCV, large colon volvulus; SC, small colon; NSAID, nonsteroidal anti-inflammatory drug; GI, gastrointestinal.
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enhance palpation skills through visualization of
anatomy and can be viewed in The Glass Horse:
Equine Colic,e developed at the University of Geor-
gia (https://www.sciencein3d.com/products.html).

There are several conditions that may be incor-
rectly diagnosed based on transrectal palpation.
These are worth mentioning, as an incorrect diag-
nosis can often result in delays in definitive treat-
ment, ultimately affecting prognosis. The first of
these is a diagnosis of large colon impaction when
there is a small intestinal obstruction (often stran-
gulating obstruction). Small intestinal obstruction
results in sequestration of fluid in the stomach and
small intestine with desiccation of colonic contents,
which is exacerbated by dehydration and hypovole-
mia. The result is a “shrink-wrap” feel, with undu-
lations on the surface of the colon, rather than a
stretched taut viscus typical of large colon impac-
tions. Another commonly missed diagnosis is cecal
impaction, as it is sometimes mistaken for a large
colon obstruction but can have much more serious
consequences (e.g., rupture) and require consider-
ably more extensive therapy for resolution. Due to
the dorsal mesenteric attachment, it is not possible
to pass your hand over a distended cecum. You
can, however, pass your hand over the top and to the
lateral side of a displaced colon. The third condi-
tion that is commonly misdiagnosed is masses of the
perirectal region. All horses exhibiting tenesmus
or presenting with a rectal impaction should have a
thorough examination of the rectum and perirectal
region for the presence of masses, such as perirectal
abscessation or neoplasia. Studies have also indi-
cated marginal accuracy of palpation per rectum
upon initial presentation for both inguinal hernia
and nephrosplenic entrapment.

5. Summary

Transrectal palpation is a critical component of the
diagnostic examination in the acute colic patient.
The procedure can be performed safely when using
the tools available, from facilities and skilled han-
dlers to pharmacologic assistance. In combination
with history and other clinical findings, it can some-

times provide a definitive diagnosis but commonly
will assist in determining the severity of the disease
process and contribute to information regarding the
need for surgical intervention. A thorough knowl-
edge of normal and expected abnormal anatomy is
critical for the successful use of transrectal palpa-
tion as a valuable diagnostic tool in the colic patient.
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1. Introduction

Doctor of medicine surgeons and criticalists, and
later small animal criticalists, were the first to in-
troduce the idea of localized sonograms, which was
formally added to the literature in the 1990s. The
goal was to perform fast sonograms in trauma situ-
ations that would decrease the time from presenta-
tion to an emergency room to the decision to take the
patient to surgery or to perform computerized to-
mography. A protocol was designed that could be
performed by clinicians without advanced imaging
training. The sonograms could be performed si-
multaneously with other emergency procedures
and were rapid, inexpensive, noninvasive, and non-
radiating. This technique is called Focused Assess-
ment with Sonography in Trauma (FAST). A
4-window protocol was designed and successfully
tested prospectively. Currently, many variations
of the procedure exist, titrated to different clinical
situations, and a considerable effort has been placed
in defining the diagnostic accuracy and structure
of these protocols. In 2011, a group of equine clini-
cians from the University of Liege in Belgium1

published the use of Fast Localized Abdominal
Sonography of Horses (FLASH). In this study, 7
windows were described and reported an acceptable
diagnostic ability of this protocol for detecting small

intestinal obstructions and the need for exploratory
laparotomy. Detection of small intestinal strangu-
lations is perhaps one of the highlights of this pro-
tocol (Fig. 1).

It is important to remember that sonographic eval-
uation is only a small part of the assessment of a horse
with acute colic. It is a useful tool, but not all horses
with acute colic need an abdominal sonogram, and
there are many other parts of the evaluation of the
horse with acute colic that need to be considered.
Signalment, history, and physical examination
give the clinician the most important information,
and diagnostic aids complete the assessment.
These data are filtered through the clinician’s
brain to establish a diagnosis, or differential diag-
nosis list, a prognosis, and a therapeutic plan.
This cycle can be repeated as many times as
needed depending on the progression of the horse.

The ideal instrument used to perform a sonogram
in a horse with colic is a large convex probe. Por-
table or ultraportable machines are able to obtain
diagnostic images for these scans. Many current
ultraportable machines have built-in software that
allows remote assistance (telemedicine/teleconsult-
ing), and this is likely to become a commonly used
tool in the near future as this technology becomes
easier to use in all types of equipment. Spraying
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alcohol or using warm water is sufficient to obtain
an adequate image for a FLASH in most horses.
The goal is to perform the scan in less than 10
minutes.

The seven windows of the original FLASH are
ventral window, gastric window, left middle third
window, splenorenal window, right middle third
window, duodenal window, and thoracic window.
The concept of having a fixed tested protocol with
known specificity and sensitivity is ideal. A slight
modification of this protocol has been developed to
fit the sonogram within a typical colic work-up and
makes it faster and potentially more specific. The
protocol and goals of each window are in the follow-
ing sections.

Nephrosplenic Window

The probe is placed between the dorsal and middle
thirds of the abdomen at the level of the 17th
intercostal space or paralumbar fossa. In normal
horses, the left kidney is seen medial to the spleen
(Fig. 2A). Visualization of the left kidney in this
window virtually rules out nephrosplenic entrap-
ment. In the images in this manuscript, dorsal or
cranial is to the right.

The diagnosis of a nephrosplenic entrapment is
the main goal of the nephrosplenic window. A non-
visible kidney is not pathognomonic for nephro-
splenic entrapment. Horses with left dorsal dis-
placements without entrapment (e.g., left colon is
gas filled and positioned dorsal and sometimes lat-
eral to the spleen but not in the nephrosplenic
space). Some horses appear to have a colon dorsal
to the spleen without colic signs. In horses with a
nephrosplenic entrapment, the left kidney is not
visible and the colon is seen dorsal to the spleen in
the paralumbar fossa; and in the caudal intercostal
spaces, the dorsal edge of the spleen is not visible,
the spleen and stomach are displaced ventrally, and,
in many cases, a mesenteric vessel is visible adja-
cent to the medial border of the spleen (Fig. 2B and
C). The latter sonographic sign is the consequence

of most entrapments presenting a 180-degree rota-
tion of the colon that makes the medial colonic ves-
sels visible.2

Fig. 1. Distended thickened nonmotile small intestine imaged in

the inguinal region of a horse with a strangulating small intesti-

nal lesion.

Fig. 2. A, Normal nephrosplenic window. Spleen is imaged su-

perficially, and the left kidney is seen along the medial border of the

spleen. B and C, Nephrosplenic window of a horse with a nephro-

splenic entrapment. The colon is dorsal and obscuring the dorsal

border of the spleen. Also note that no kidney is visualized. In

image C, mesenteric vessels can be seen along the medial border of

the spleen supporting a colon displacement.
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Gastric Window

For this window, the probe is placed in the 10th
intercostal space in the mid abdomen and moved
cranially and caudally. At this point, a stomach
tube has likely been or is simultaneously being
passed. The sonogram helps decide the degree of
gastric distension. In some cases in which reflux is
not obtained, a sonogram shows distension with in-
gesta or that the tube is not in the stomach. In
these cases, this visual helps the clinician realize
that further lavage or repositioning of the tube is
necessary. Fig. 3 provides an example of a normal
gastric window. The splenic vein and the “double
contour sign” (parallel hyperechoic interfaces be-
tween hypoechoic layers) gastric wall help deter-
mine that the gastrointestinal viscus observed is the
stomach. The echogenicity helps determine the
gastric contents. Echoic contents casting a com-
plete shadow are consistent with ingesta, as shown
in Fig. 3A. Fig. 3B shows a fluid-filled stomach.

Also note that a stomach tube is visible in this image
as a double hyperechoic echo casting an acoustic
shadow. Hyperechoic contents casting a dirty acous-
tic shadow or showing a mirror image artefact are
consistent with gas. The number of intercostal
spaces and the shape of the stomach can assist in
determining the degree of gastric distension. The
stomach can be followed cranially by scanning
across intercostal spaces. A normal stomach can
occupy 3–7 intercostal spaces depending on when
and what the horse has eaten. A stomach wall
should appear rounded (Fig. 3A and B). A stomach
that becomes flattened is consistent with gastric
distension. An enlarged stomach filled with in-
gesta and flattened against the abdominal wall
raises concerns about a gastric impaction. Ultra-
sound does not allow a characterization of the con-
sistency of ingesta, and the remaining examination
findings and, particularly, results of gastric lavage
are necessary to make a diagnosis. There can be
intermittently collapsed, motile loops of small intes-
tine with normal wall thickness between the spleen
and the stomach in normal horses. If there is dis-
tended thickened small intestine between the spleen
and stomach, a gastrosplenic entrapment may be
suspected. The appearance of a thickened stomach
wall can also be suggestive of gastritis or gastric
edema.

Ventral Window

This view is split into two different windows.

Cranioventral Abdomen

The probe is placed in the most ventral aspect of the
abdomen (cranioventral) and then moved caudally.
In a normal horse, sacculated large intestine is typ-
ically observed. This window is useful to see in-
creased free peritoneal fluid, distended or thickened
small intestine, and thickened large intestine. The
cranioventral window is often used to determine if
and where abdominocentesis will be performed and
with which length/gauge needle or cannula. The
abdominal muscles can be seen meeting at the linea
alba. The thickness of the abdominal wall can be
measured to determine the length of needle/can-
nula. For example, if the wall thickness measures
1 cm, then the needle/cannula will need to be 0.5 cm
longer than this measurement, as the tissues are
compressed by the ultrasound probe and the perito-
neal lining will be deformed by the tip of the needle
or cannula before penetration.

Inguinal Area

The probe is placed in the right and left inguinal
areas and as far caudal as possible. Some horses
may kick when the probe is placed in this area.
It is particularly useful to assess the presence of
distended or thickened small intestine. In normal
horses, small intestine can be intermittently dilated
or collapsed. A wall thickness of 3 mm is consid-
ered normal, although when transiently dilated, the

Fig. 3 A, This image shows a normal gastric window. The

stomach can be seen adjacent to the spleen and there is ingesta

within the gastric lumen. B, This image shows a fluid-filled

stomach with a nasogastric tube in place.
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thickness is expected to decrease. The motility of a
normal small intestine is continuous.

The most relevant findings in a ventral window
are as follows:

● Distended thickened nonmotile small intestine
(Fig. 1). This sonographic finding is second
only to “pain nonresponsive to analgesia” as an
indication for exploratory laparotomy (and
close to serosanguinous peritoneal fluid with
increased lactate concentration). The normal
small intestine is usually collapsed. Mildly
distended small intestine can be seen with
fasting or hypomotility. Sedation may de-
crease motility and typically does not cause
significant distension. Functional obstruc-
tion (ileus) or mechanical obstruction like an
ileal impaction (Fig. 4) causes moderate or
marked distention, and sedimentation of di-
gesta occurs over time. Thickened nonmotile
distended small intestine is typically caused
by a strangulating obstruction necessitating
surgical correction. Enteritis could cause this
appearance, but the thickening tends to be
mild and diffuse in cases of enteritis. The
remaining clinical presentation can help in
differentiation.

● Thickened large intestine. The presence of
thickened large intestine needs to be placed
into the clinical context and several differential
diagnoses considered. Large colon volvulus
and colitis are the most common differential
diagnoses for a horse with thickened large in-
testine. Inflammatory bowel disease (IBD)/
lymphoma, a displacement with obstruction of
venous return, and rare large intestinal infil-
trative diseases are other differentials.3 The
literature can be somewhat misleading for the
diagnosis of large colon volvulus. In a horse

with acute colic and severely thickened colon
in the ventral abdomen, a colon volvulus is the
most likely diagnosis, but this finding is not
pathognomonic.4,5 Fig. 5 compares the sono-
graphic appearance of a horse with a large
colon volvulus and another horse with severe
colitis (salmonellosis). The absence of saccu-
lations in the ventral window has been sug-
gested as a sign of volvulus. Because the
ventral colon is sacculated and the dorsal colon
is not, seeing nonsacculated colon ventrally
has been suggested to be a sign of a 180-degree
rotation. Colonic distension associated with a
displacement or impaction or in horses with a
colon fuller than average can cause the ventral
colon to become nonsacculated, and this find-
ing cannot be relied upon for the diagnosis of
large colon volvulus. Paying attention to the
layering pattern may help rank the differen-
tial diagnoses, but this type of detailed sono-
gram is difficult to perform in emergency
situations, and their discussion is beyond the
description of FLASH.

● Increased fluid. Peritoneal fluid echogenicity
can vary between peritonitis, hemoabdomen,

Fig. 4. Moderately distended compressible nonthickened small

intestine in a horse with an ileal impaction.

Fig. 5. A, Thickened large colon in a horse with a large colon

volvulus. B, Thickened large colon in a horse with salmonellosis.
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transudate, and ruptured viscus. Fluid with
spontaneous contrast (smoke) is characteristic
of hemoperitoneum, whereas hypoechoic
fluid can be consistent with transudate or
modified transudate. Fig. 6 shows a sono-
gram of a horse with large particles sugges-
tive of intestinal rupture. In such cases,
pneumoperitoneum can often be seen accom-
panying the echoic fluid in horses with intes-
tinal rupture.

● Hyperechoic contents casting a complete shadow
are suggestive of sand. This may take some
attention and experience to recognize. The
colon may become flattened against the ven-
tral abdomen if the volume is large enough to
make the ventral colon lose its normal haus-
trations. In Fig. 7, the sonographic image
and radiograph show a mare that presented
with chronic diarrhea diagnosed with sand en-
teropathy that responded to a course of psyl-
lium and magnesium sulfate. In cases of
sand impaction, the colon will be flattened and
distended, and in cases of enteropathy, the
wall can be thickened, hypervascular, or have
an altered layering pattern. The sensitivity
of ultrasound to detect sand is high, but its
ability to assess the amount of sand is
poor. Radiographs are better than ultra-
sound at determining the amount of sand
and the clinical relevance of the sonographi-
cally visible sand.6

Left Middle Third Window

The FLASH protocol says “freely move the probe in
the left mid abdomen.” Freely moving the probe is
not recommended in a protocol that should be
specific and fast. The probe should be moved from
the diaphragm to the costochondral junction in 3

intercostal spaces in the mid abdomen (usually
15–13 intercostal space [ICS]). Spleen and stom-
ach or spleen and colon are often seen in this
window. This window is key for diagnosing ne-
phrosplenic entrapments. The colon remains dor-
sal to the spleen, the dorsal edge of the spleen is not
visible, and, in many cases, a colonic vessel is seen
adjacent to the medial aspect of the spleen, which is
indicative of a 180° rotation of the entrapped colon,
as shown in Fig. 2.

Duodenal Window

The duodenum can be imaged ventral to the right
kidney and medial to the right liver lobe. Fig. 8A
shows the normal appearance of the duodenum me-
dial to the right lobe of the liver, and Fig. 8B shows
the appearance ventral to the right kidney. The
duodenum can be distended in cases of mechanical
or functional obstruction of the small intestine.
The duodenum can be thickened in cases of duo-
denitis or IBDs. Sedation will affect motility,
and the presence of a nasogastric tube can intro-
duce air. The appearance of the duodenum is
rarely specific for the cause of acute colic.

Fig. 6. Free fluid with hyperechoic particles in the ventral ab-

domen in a horse with ruptured stomach.

Fig. 7. A, Sonogram of the ventral abdomen showing hyper-

echoic contents. B, Corresponding abdominal radiograph of a

horse with a sand impaction.
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Right Middle Third Window

The FLASH protocol says “freely move the probe in
the right mid abdomen.” Freely moving the probe is
not recommended in a protocol that should be spe-
cific and fast. The probe is moved from the dia-
phragm to the costochondral junction in 3 inter-
costal spaces in the mid abdomen (usually 14–12
ICS). It is useful to image displaced mesenteric
vessels. Fig. 8 demonstrates that the diaphragm,
the right lobe of the liver, and, medial to it, the right
dorsal and ventral colon and duodenum can all be
identified. When the probe is moved in a ventral
direction, you can identify the remaining right ven-
tral colon and cecum.

With the exception of the vessels in the lateral
cecal band, there should be no vessels adjacent to
the abdominal wall. If vessels in the right middle
third window are observed, this can be indicative of
a right dorsal colonic displacement or a large colon
volvulus. In cases of large colon volvulus, the colon
will likely be thickened. In Fig. 9, mesenteric ves-
sels are seen and the colon wall thickness is normal;
this horse had a right dorsal displacement.7 If
there is distended thickened small intestine be-

tween the right lobe of the liver and the colon, an
epiploic foramen entrapment should be suspected.
The lateral cecal band is added in this window to
differentiate it from a colonic vessel. The lateral
cecal band has a small vein, an artery, and lymphoid
tissue. Lymph nodes are small and even hard to
see in normal horses. The cecal band is normally
located more caudal and ventral than displaced co-
lonic mesenteric vessels. Lymphoid tissue larger
than the vein is consistent with mesenteric lymph-

Fig. 8. Sonogram of the duodenal window. A, The duodenum

can be imaged between the right lobe of the liver and the right

dorsal colon in the right side of the screen. The transition be-

tween right dorsal colon (right) and right ventral colon (left) can

also be observed. B, The duodenum is ventral (to the left) and

adjacent to the right kidney.

Fig. 9. A, Displaced and distended mesenteric vessels in a horse

with right dorsal displacement of the large colon. B, Normal

lateral cecal band. C, Lateral cecal band of a horse with perito-

nitis and mesenteric lymphadenopathy.
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adenopathy, which may be reactive (e.g., inflam-
matory) or neoplastic peritonitis, colitis, and/or
lymphoma, which are the most common causes for
mesenteric lymphadenopathy in the adult horse.
A normal cecal band and the appearance of a
cecal band in a horse with severe lymphadenopa-
thy caused by peritonitis are shown in Fig. 9B
and C.

Thoracic Window

The probe is in the level of the ventral thorax in the
6th intercostal space. Normal horse lung and dia-
phragm can be imaged moving while the horse
breathes. In many horses, pericardial fat can be
seen in this location. If a cause of acute colic is not
identified on the abdominal FLASH windows, it is
important to rule out pleurodynia secondary to pleu-
ropneumonia with this thoracic window. In horses
with pleuropneumonia, variable amounts of pleural
fluid and a hypoechoic wedge-shaped lung consis-
tent with consolidation are often seen. Diaphrag-
matic hernias with fluid, small intestine, or the liver
in the chest are also readily identifiable. Hernia-
tion of the large intestine is more difficult to iden-
tify, as gas-filled large intestine can display similar
hyperechoic echoes to the lung.

In summary, abnormalities that are likely to
be identified in a FLASH are as follows: nephro-
splenic entrapment/left dorsal displacements; fluid
distension of the stomach; abnormal peritoneal fluid
suggestive of ruptured viscus; hemorrhage or peri-
tonitis; thickened ventral colon, more commonly
suggestive of large colon volvulus or colitis; abnor-
mal duodenum suggestive of obstruction, ileus,
duodenitis, or IBD; displaced mesenteric vessels
suggesting right dorsal displacement or volvulus;
mesenteric lymphadenopathy; or thoracic disease
(pleural effusion or hernia). Pathologies that are
unlikely to be identified are the ones that will have
abnormalities outside the seven FLASH windows
and the ones for which advanced training and
more thorough and extensive characterization are
needed to recognize. Examples of such etiologies
include intussusceptions, disease of the urinary
tract or liver, masses outside the windows, or
some impactions.

FLASH is not a quick abdominal ultrasound. It
is a specific protocol developed for specific patient

population: the adult horse with acute colic. The
major potential limitation of the FLASH protocol is
lower sensitivity than complete sonogram performed
by a specialist, but this limitation is typically ac-
cepted in favor of an easy-to-learn, shorter, stall-side
examination that targets high-yield windows. As
for all sonograms, FLASH should be interpreted in
light of signalment, history, physical examination,
and other diagnostic aids. More about the diagnos-
tic accuracy of this protocol will be learned, but
currently, only the ability to detect small intestinal
obstructions and the need for exploratory laparot-
omy have been tested. FLASH is a very useful
technique for evaluating the horse with acute colic
but cannot replace a full abdominal ultrasono-
graphic evaluation for horses with a clinical presen-
tation different than acute colic.
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1. Introduction

Use of abdominocentesis and point-of-care moni-
tors that measure blood lactate and blood glucose
can be invaluable aids in field assessment of
the acute or chronic colic patient. In those pa-
tients with a clear need for referral for surgical
intervention, these diagnostics may provide help-
ful prognostic information for the owner, but a
balance between time required to perform an ab-
dominocentesis and the need for rapid surgical
intervention must also be considered. In those
patients for which referral is not a viable finan-
cial option, or in cases of longer-standing dis-
ease processes of undetermined etiology, these
diagnostics can be particularly helpful to guide
therapy or decide on euthanasia to end patient
suffering.

The key points in this review are indications for
abdominocentesis and point-of-care laboratory data
(lactate and glucose concentrations) for primary care
of the colic patient. A technique summary for ab-
dominocentesis will be provided. Clinical scenarios
for field colic cases benefiting most from these diag-
nostics will be discussed.

2. Abdominocentesis

Technique

Restraint

Before beginning abdominocentesis, proper re-
straint of the patient is essential to limit the poten-
tial for injury to the examiner. Horses should be
properly sedated for the procedure with an �-2 ago-
nist such as xylazine HCla (0.3–0.6 mg/kg IV) or
detomidine HClb (10–15 �g/kg IV) in combination
with butorphanolc (0.01–0.02 mg/kg IV). The use
of a nose twitch may also be applied by an experi-
enced handler if further restraint is needed. The
veterinarian performing abdominocentesis should
always stand forward toward the horse’s right front
leg and reach caudally to limit the potential to be
kicked from a hind limb during the procedure.
The handler should stand on the same side as the
examiner.

Choosing a Location and Aseptic Preparation

Aseptic technique is essential for abdominocentesis
due to entry into a body cavity. Ideally, a brief
ultrasonographic examination of the proposed re-
gion for abdominocentesis should be performed to
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optimize a location and limit the potential for en-
terocentesis or inadvertent puncture of the spleen.
A good starting point for application of the ultra-
sound probe is in the most cranioventral abdomen,
just to the right of midline, behind the xiphoid pro-
cess and just caudal and axial to the deep pectoral
muscles. A measurement of the depth of the body
wall at the proposed site of abdominocentesis can
also be readily performed with any ultrasound
probe to assist with determination of which supplies
are needed for successful entry into the peritoneal
cavity. Once the location for abdominocentesis has
been optimized via ultrasound, clipping of hair fol-
lowed by a sterile prep of the area should be per-
formed. Local anesthesia using a 25-gauge, 5/8”
needle with 2.5–3 mL of 2% lidocaine solution can
then be applied to the subcutaneous tissue, follow-
ing a track vertically to the depth of the needle,
through the external rectus fascia (Fig. 1). This
step may not be necessary depending on the sup-
plies used for abdominocentesis.

Ultrasonographic findings favorable for abdomi-
nocentesis are free peritoneal fluid at the site, al-
though fluid acquisition may be successful in the
absence of sonographically evident peritoneal fluid
accumulation. Other ultrasonographic features to
look for when free fluid is limited, is the presence
of visibly mobile viscera. The presence of large
colon haustra (sacculations) indicates the absence of
heavy colonic content (e.g., sand or gravel) making
the risk of enterocentesis lower. Lastly, avoid the
spleen to limit the potential for blood contamination.

Choosing Supplies

There are generally 4 options to obtain a sample of
peritoneal fluid. These include an 18-gauge, 1.5”
needle, an 18-gauge, 3.5” spinal needle, a teat can-
nula, and a bitch catheter. If abdominal ultra-
sound was used to determine the depth from the
skin surface to the peritoneal cavity and that dis-
tance was equal to or less than 2.5 cm, the 18-gauge,

1.5” needle may be sufficient. Body walls thicker
than 2.5 cm require one of the alternative options.
The risk for penetrating a viscus is believed to be
lower with the more blunt-ended teat cannula and
bitch catheter, and the proper use of these blunt
instruments results in a higher likelihood of obtain-
ing a diagnostic sample. Abdominocentesis using a
teat cannula or bitch catheter is also slightly more
difficult and time consuming. Use of needles is con-
traindicated when taut, fluid-filled loops of small
intestine are immediately adjacent to the body wall
or palpated per rectum as inadvertent puncture or
laceration of small intestine is likely to result in
septic peritonitis.

Technique with Needles

Following site selection and aseptic preparation, the
18-gauge needle is inserted through the skin, sub-
cutaneous tissues, and external rectus fascia using
sterile gloves to handle the needle. The needle
should then be advanced a few millimeters at a time,
with a spin of the needle to encourage fluid move-
ment. The 1.5” needle will often need to be inserted
to its full length prior to entering the peritoneal
cavity. Occasionally, a vacuum effect due to the
negative pressure within the abdomen will prevent
fluid from exiting via the needle, and insertion of a
second needle immediately adjacent to the first
may allow flow of peritoneal fluid. Alternatively, a
small volume 2–3 mL of air may be injected through
the needle using a sterile 3-mL syringe. It may be
difficult to discern whether the tip of the needle has
reached the peritoneal cavity. Gentle movement of
the needle hub is common when within the perito-
neal cavity due to movement of intestinal viscera
against the tip of the needle. Fluid should be col-
lected into an ethylenediaminetetraacetic acid
(EDTA) blood collection tube unless a septic process
is suspected where samples should be collected in
both EDTA and sterile red top tubes. Lactate con-
centration can be measured from EDTA or heparin-
ized tubes.

Technique with Teat Cannula or Bitch Catheter

The following supplies are required following aseptic
preparation and local anesthesia prior to initiating
abdominocentesis: sterile #15 scalpel blade, sterile
3 � 3 or 4 � 4 gauze, teat cannula or bitch catheter,
and collection tubes (EDTA � red top tube) (Fig. 2).
Following site selection, aseptic preparation and ap-
plication of local anesthetic, a stab incision is made
through the skin, subcutaneous tissue, and external
rectus fascia by the examiner wearing sterile gloves.
Avoid injury to small vessels in the skin. In over-
weight horses, this may require deep insertion of the
#15 blade beyond the primary cutting edge. The
external rectus fascia is palpable with the tip of
the blade and should be recognized and then pene-
trated to a depth of 0.5 cm before extracting the
blade (Fig. 3). The teat cannula or bitch catheter
should be pushed through the center of a sterile

Fig. 1. Local anesthesia with 2.5 mL 2% lidocaine prior to

abdominocentesis.
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gauze pad prior to insertion to protect the sample
from blood contamination arising from the skin and
subcutaneous tissues. A second sterile swab may
be used to blot the stab incision site and the instru-
ment is inserted through the skin. The tip of the
instrument can then be used to find the opening
created through the dense, external rectus fascia,
and the cannula is inserted through this layer and
through the rectus abdominus muscle. A palpable
“pop” may be recognized as the instrument is further
inserted through the internal rectus abdominus fas-
cia and a final “pop” may be associated with the
peritoneum. Pain is often elicited upon tenting and
puncture of the peritoneum. Fluid flow should be
anticipated at this point when present. It is critical
to guard the placement by gripping the instru-

ment with sterile gloves near the body wall to ensure
the instrument is not forced rapidly into the perito-
neal cavity, potentially risking viscus penetration.
Keep in mind that the peritoneum will tent away
from the blunt-ended instrument, so it may need to
be inserted several inches beyond the measured
thickness of the body wall before the peritoneum is
penetrated. Many standard stainless steel bovine
teat cannulas are only 8 cm (3.6”) in length, so if the
body wall is relatively thick, a longer bitch catheter
is more likely to yield a fluid sample. Failure to
penetrate the peritoneum is a common reason for
not obtaining a sample. Maintenance of the teat
cannula/bitch catheter perpendicular to the body
wall is important to limit the potential for dissection
retroperitoneally or through the rectus abdominus
muscle. If uncertain of the position of the cannula,
a sterile 6-mL syringe may be firmly attached to the
end of the cannula and 5 mL of air may be rapidly
injected and then aspirated. When in the perito-
neal cavity, most air will escape into the abdomen
and only a small amount will be retrieved (�2 mL).
Lastly, be wary of very firm surfaces with little give
to them such as sand or a very firm impaction.
If unsure of the safety of the procedure, consider
repeating ultrasound of the region to find an optimal
location.

Potential complications to abdominocentesis in-
clude enterocentesis, splenic puncture and hemor-
rhage, and omental herniation in foals.1 Prevalence
of enterocentesis is estimated to be between 2% and
5% with secondary complications in 0.5% of cases.2

In the instance of enterocentesis, the author will
initiate broad-spectrum antimicrobial therapy for 1–3
days.

Indications for Abdominocentesis

Abdominal paracentesis is a useful diagnostic aid to
assess for the presence of intestinal injury from dis-
tention or ischemia in the acute or chronic colic.
It has further indications in other processes such as
peritonitis or to search for intra-abdominal neopla-
sia. With reference to colic in the field setting, it is
appropriate for particular circumstances. As it is a
relatively invasive procedure, it is not appropriate
for an initial evaluation of a patient showing mild-
to-moderate colic signs that is likely to respond to
medical therapy. For horses sent to referral hospi-
tals where the need for surgical intervention is un-
clear, it is considered a routine part of the minimum
database. In horses with a surgical option, it
serves as a helpful guideline for nonstrangulating
obstructions to determine whether further attempts
at analgesia and medical therapy are indicated, or to
ensure minimal injury is present prior to therapeu-
tic procedures such as exercise or rolling. Other
indications are assessment for the presence of a
strangulating obstruction versus an inflammatory
condition such as enteritis or colitis. In the field
setting, the indications for abdominocentesis in the
acute colic are when gastrointestinal rupture is sus-

Fig. 2. Supplies required for abdominocentesis with a teat can-

nula or bitch catheter.

Fig. 3. Image demonstrating insertion of the #15 scalpel blade

through the locally anesthetized skin, subcutaneous tissue, and

the external rectus fascia.
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pected, and when a strangulating obstruction is sus-
pected but the horse is not eligible for referral and
surgery due to financial or personal decisions by the
owner. It is critical to obtain a definitive diagnosis
in these two scenarios to support the indication for
euthanasia and alleviate the suffering of the horse.
For horses with suspected gastrointestinal rupture,
an ultrasound examination is highly valuable prior
to abdominocentesis to ensure the presence of septic
peritonitis with increased free peritoneal fluid.
A third scenario where it could be helpful is when
the horse has a nonstrangulating obstruction that is
not responsive to initial medical therapy, and the
owners are unwilling to refer. Abdominocentesis
may be helpful in guiding progression of disease and
in determining how long attempts at medical ther-
apy should persist. Lastly, abdominocentesis may
be indicated in atypical or chronic cases to help
guide diagnosis or the need for referral.

Interpretation of Peritoneal Fluid Findings

The most practical method of peritoneal fluid anal-
ysis in the field colic consists of 3 simple assess-
ments. Color is one of the most reliable methods
for distinguishing nonstrangulating from strangu-
lating disorders, with a serosanguinous color asso-
ciated more commonly with strangulating disorders
(Fig. 4).3 The second practical method is assess-
ment of total protein using a refractometer along
with general assessment of opacity. Normal peri-
toneal protein concentration is 0.8–1.2 g/dL, and
higher concentrations (e.g., �2.0 g/dL) suggest in-
flammation or injury to the intestine or peritoneal
cavity.4 It is important to assess protein levels
with a minimum volume of 1–2 mL of fluid as EDTA
additives can falsely elevate refractive protein val-
ues.5 Lastly, a point-of-care lactate meter can be
helpful to distinguish nonstrangulating from stran-
gulating obstructions through assessment of the
peritoneal fluid lactate to blood lactate ratio. A
peritoneal fluid to blood lactate ratio of �2.0 is 64%
sensitive and 72% specific for the detection of small
intestinal strangulating obstructions. Serial lac-
tate assessments of peritoneal fluid increase both
sensitivity and specificity to detect strangulating
obstructions.6 Serosanguinous fluid color is 90%
sensitive and 61% specific for small intestinal stran-
gulating obstructions,7 so the combination may be of
particular value in decision making in the field colic.
Further assessments in a laboratory setting that
could be pursued include nucleated cell count, cyto-
logic evaluation, glucose, pH, D-dimers, and creatine
kinase. When a septic peritonitis or gastrointesti-
nal rupture is suspected, some of these additional
assessments can be valuable. Horses with gastro-
intestinal rupture may have peritoneal fluid with
a gross appearance of particulate material or a
green or brown hue to the fluid or supernatant
after centrifugation, but commonly will have a
serosanguinous appearance. Cytologic examina-
tion can be highly informative to identify the pres-

ence of mixed extracellular bacterial populations
with or without plant material.

3. Point-of-Care Lab Data: Lactate Meter

As the majority of data collected on point-of-care
laboratory data has derived from referral centers,
more studies are needed to determine their useful-
ness in the primary care setting. However, the
point-of-care lactate meter has become an affordable
and readily available option for field practitioners.
Blood lactate can give you an immediate idea of
severity of a disease process with regard to circula-
tory and intestinal compromise, but by itself, does
not distinguish between strangulating and non-
strangulating obstructions.7 It can serve as a use-
ful guideline for fluid therapy needs in any acutely
ill horse with hypovolemia,8,9 and can be a helpful
early prognostic indicator in horses with large colon
volvulus.10 In a study of horses with large colon
volvulus, blood lactate concentrations greater than 7
mmol/L were associated with a 30% survival rate.10

Normal blood lactate lies between 0.6 and 1.5 mmol/
L.9 As described above, use of a peritoneal fluid to
blood lactate ratio as well as serial peritoneal fluid
(PF) lactate assessment increase the sensitivity and

Fig. 4. Serosanguinous fluid from a horse with a strangulating

obstruction.

112 2020 � Vol. 66 � AAEP PROCEEDINGS

BACK TO BASICS: THE ACUTE ABDOMEN IN THE FIELD



specificity of lactate for the detection of strangulat-
ing obstructions and thus the acute need for surgery.
Always keep in mind that blood lactate values in
ponies presenting with a primary complaint of gastro-
intestinal disease have higher admission lactate con-
centrations (2.8 mmol/L vs 1.6 mmol/L) than adult
horses, to avoid overestimating the severity of disease
in that population.11

4. Point-of-Care Lab Data: Glucometer

Hyperglycemia is common in horses with colic and
can be easily and affordably measured using a hand-
held glucometer, providing additional evidence to-
ward severity of a disease process. Approximately
50% of horses with colic admitted to referral hospi-
tals have blood glucose concentrations �135 mg/dL,
and extreme hyperglycemia (�180 mg/dL) has been
associated with surgical colic, strangulating obstruc-
tions, and decreased short- and longer-term sur-
vival.12,13 Hyperglycemia may occur acutely as
part of the stress response to a severe gastrointesti-
nal obstruction, but also occurs secondary to glucose
dysregulation and insulin resistance that develops
with progressive disease.14 Glucose can be a valu-
able adjunct to peritoneal fluid analyses when a
septic peritonitis is suspected such as with presence
of cloudy peritoneal fluid. Peritoneal fluid glucose
concentrations less than 30 mg/dL have been shown
to be highly specific for septic peritonitis as well as a
peritoneal fluid glucose to blood glucose difference of
greater than 50 mg/dL.15 It also should be noted
that the correlation between hand held glucometers
to plasma chemistry analyzers can vary, and it is
important to ensure calibration for each new re-
agent lot is performed, and that test strips are prop-
erly stored with regard to temperature and
humidity recommendations.16

Although less widely utilized, point-of-care tri-
glyceride analyzers have also been validated for use
in horses, ponies, and donkeys,17 and may provide
valuable adjunctive data in horses with more
chronic or insidious conditions, as hypertriglyceride-
mia is a relatively common complication in anorectic
equids.

5. Summary

Abdominocentesis is valuable in horses managed in
the field with acute colic where a decision for eutha-
nasia must be made either when surgical interven-
tion is not a financially viable option for the owners,
or if gastrointestinal rupture is suspected and
should be confirmed. Other scenarios where ab-
dominocentesis may be helpful include recurrent
colic, suspected peritonitis, and for serial assess-
ment in horses with persistent nonstrangulating
obstructions not amenable to referral, particularly
if peritoneal fluid can be identified on ultrasono-
graphic examination. A brief ultrasonographic
examination at the site of abdominocentesis is
highly recommended to recognize presence of peri-
toneal fluid and to avoid injury to viscera or en-

terocentesis. Interpretation of peritoneal fluid
findings can be readily performed in the field by
visual inspection and use of a refractometer and
lactate meter.

Field assessment of horses with colic using a
portable lactate meter and glucometer can provide
valuable insight into severity of the disease pro-
cess to guide therapy or the need for referral or
euthanasia.
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How to Manage a Horse with Colic in the Field

Anthony Blikslager, DVM, PhD, DACVS

Medical management of colic in the field is initially centered on management of pain, which also

becomes of critical importance to the decision to refer and on estimating the prognosis. Other

components of medical management include decisions related to nasogastric intubation of laxatives

and reasonable recommendations for fluid therapy. Rehydration can be accomplished with nasogas-

tric administration of water (with or without electrolytes), or IV fluids, which can be given in the field,

but are more typically reserved for in-hospital use. This presentation is intended to provide

important points related to choices of analgesics and other medical therapies so that horses with

colic can be optimally treated, while avoiding any delays on a potential decision to refer for

advanced medical or surgical care. Author’s address: Department of Clinical Sciences, North

Carolina State University, 1060 William Moore Drive, Raleigh, NC 27607; e-mail:

Anthony_Blikslager@ncsu.edu. © 2020 AAEP.

1. Introduction

Veterinarians are called on a frequent basis to eval-
uate horses that have developed colic. In many
cases, the colic will have either resolved or require
simple medical treatment by the time the veteri-
narian arrives. One factor that complicates the
veterinary approach to colic is the frequent use of
analgesics by horse owners and trainers. Although
this is often under the direction of a veterinarian,
this is not always the case, and can complicate case
management. Subsequent to management of pain,
other treatments for colic that need to be considered
are use of nasogastric administered laxatives or flu-
ids, as well as consideration as to the practicality of
IV fluid therapy. The goal of this presentation is to
present the rationale for the use of differing treat-
ments available for management of colic.

2. Recognition of Colic

Owners have varying abilities to detect colic in their
horses. Some owners only notice when the horse

has severe colic, but many notice subtle changes in
behavior that are not necessarily clear-cut signs of
colic. These behavioral signs of colic are nonethe-
less important for the veterinarian to consider.
As the field of pain management in veterinary med-
icine has dramatically changed in recent years, so
has the veterinarians’ ability to detect pain (Table
1).1 When an owner calls to report that a horse has
abnormal behavior, such as showing a lack of inter-
est in feed, there is a reasonable likelihood that they
have detected behavioral signs of pain, and the most
likely cause of pain is colic. For example, horses
with early signs of colic tend to stand toward the
back of the stall, lose interest in observing other
horses and people at the barn, and often will not
finish a meal. At veterinary teaching hospitals, be-
havioral pain scores have been developed to detect
subtle behavioral signs of pain that would typically
be missed, and they have become a routine compo-
nent of the monitoring of horses.2 In addition, a
description of an equine “pain face” has provided an
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additional level of subtlety when it comes to pain
detection. This results from tensing of the muscu-
lature along the muzzle and above the eye.3

3. Initial Considerations

Ever since dipyrone was initially taken off the mar-
ket in 1977, most horse farms have flunixin meglu-
mine readily available and it has become com-
mon for trainers to administer non-steroidal anti-
inflammatory drugs for colic without consulting the
veterinarian. This is not necessarily in compliance
with state veterinary practice acts. One approach
is to ask the owner or trainer to at least call the
practice to let the veterinarian know before treating
a horse for colic so that treatment can be discussed.
Owners and veterinarians need to be aware that a
full dose of flunixin meglumine (1.1 mg/kg, IV) for
treatment of colic is a potent analgesic and has
duration of 8–12 hours. Use of flunixin meglumine
at the currently recommended maximum dosage
(1.1 mg/kg, q12h, IV) can make pain in horses that
are in true need of intensive care more difficult to
detect. This issue of “masking” of colic signs by
owner or trainer administration of analgesics con-
tinues to be problematic, particularly when it delays
further treatment. Dipyrone was successful be-
cause it was a mild analgesic and did not completely
ameliorate pain in horses requiring surgery. In-
terestingly, this medication has recently become
available on the market again, although it is labeled
for treatment of pyrexia.4

4. Initial Examination

To shorten the time needed to examine a horse with
colic, consider asking your receptionist to get the
signalment, treatments given, effect of treatment,
and duration of colic. Owners may be reluctant
to admit to administering treatments, necessitating
some skill in obtaining an accurate history. There-

fore, it is important for the receptionist or the vet-
erinarian to ask questions about administration of
medications in a way that makes the owner feel
comfortable about providing an accurate answer.
Additional history, such as diet, de-worming sched-
ule, and housing can be obtained after the horse has
been attended to with some exceptions. For exam-
ple, it is very helpful to know a horse’s forage diet in
the Southeastern United States because of the prev-
alence of ileal impaction associated with coastal Ber-
muda hay.

On physical examination, the veterinarian can
make a more accurate determination of the level of
colic (mild, moderate, or severe). This may require
having the horse in its normal environment such as
a stall or paddock so the behavior is not inhibited
by being handled. The next step is to assess the
cardiovascular status of the horse. This is done by
assessing the color of the gums, obtaining a capillary
refill time, and taking the heart rate. It is prefer-
able to take the pulse from the facial artery so that
an assessment of pulse quality (“thready” or strong)
can be made. However, the horse sometimes makes
this difficult because it is in pain; at which time
auscultatation of the chest is appropriate. If the
horse is severely painful, obtaining the heart rate is
important if possible because it has consistently
been shown to be the best prognostic indicator.5

5. Initial Treatment of Pain

If a horse is actively showing signs of colic, and once
the cardiovascular status has been obtained, this is
the time to treat for pain. The author’s choice
is xylazine (0.3 mg/kg; 150–200 mg) because it is
short-acting (approximately 40 minutes), highly ef-
fective as an analgesic, and sedates the horse to
facilitate the remainder of the examination.6 A
popular and effective addition to xylazine is butor-
phanol (5 mg, IV). If the veterinarian chooses to

Table 1. A Pain Scoring System Adapted to Detect Behavioral Signs of Pain That Can Be Used to Recognize Subtle Cases of Colic That May Initially

Appear Normal. Behavioral Pain Scoring System

Behavior Category Behavioral Score to be Assigned for Each Category

0 1 2 3

Gross pain None NA Occasional Continuous

Head position Above withers NA At withers Below withers

Ear position Forward, frequent movement NA Slightly back, little
movement

NA

Location At door watching
environment

Standing in middle,
facing front of stall

Standing in middle, facing
sides of stall

Standing in middle, facing
back of stall

Spontaneous locomotion Moves freely Occasional steps NA No movement

Response to another horse Ears forward, head up,
moves to door

Ears forward, head up, no
movement to door

Ear flick, no movement to
door

No response

Response to open door Moves to door Looks at door NA No response

Response to approach Moves to observer, ears
forward

Looks at observer, ears
forward

Moves away Does not move, ears back

Lifting feet Freely when asked After mild encouragement NA Unwilling

Scores are added to give a total subjective pain score.
NA, not applicable.
Modified from Pritchett LC, Ulibarri C, Roberts MC, et al. Identification of potential physiological and behavioral indicators of

post-operative pain in horses after exploratory celiotomy for colic. Appl Anim Behav Sci 2003;80:31–43, with permission from Elsevier.
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use flunixin meglumine (0.25–1.1 mg/kg, IV), it has
a long duration of action (up to 12 hours), which
makes it more difficult to determine if colic is recur-
rent while conducting a timely visit. Another med-
ication that has become available is hyoscine
butylbromidea (0.3 mg/kg, slowly IV). This is an
excellent anti-spasmodic agent, but the product
sold in the United States does not contain an anal-
gesic (this product sold in Europe, also contains
dipyrone [metamizole] and is the favored choice for
initial treatment for colic in other countries). How-
ever, hyoscine butylbromidea can be given with non-
steroidal anti-inflammatory drugs available in the
United States. Concerns on transient elevations in
heart rate with hyoscine butylbromidea (approxi-
mately 20 minutes) become of less concern if the
veterinarian has already checked the heart rate and
administered an analgesic. If an initial dose of xy-
lazine, particularly if administered with butorpha-
nol, has no effect, the treatment can be repeated.
However, it is important to realize that the necessity
for a second treatment with an analgesic raises the
index of suspicion that a horse needs referral. If
pain continues, more potent sedatives such as deto-
midine (0.01–0.02 mg/kg; 5–10 mg, IV) can be used
and can be repeated as needed if the horse remains
painful. If repeated doses of detomidine are inef-
fective, the horse needs to be referred if at all pos-
sible. For owners that do not wish to refer,
inability to control pain is an important factor in
making the decision to euthanize a horse. Alterna-
tively, for horses that respond well to an initial dose
of xylazine, following completion of the remainder of
the examination, flunixin meglumine (1.1 mg/kg, IV)
is helpful as an anti-inflammatory and longer dura-
tion analgesic if it has not already been given.
If colic does recur, the risk that surgery or intensive
care is needed is increased. Therefore, the owner
or trainer should be given explicit instructions to
keep the horse in a stall, hold the horse off feed, and
regularly monitor the horse for 24 hours for recur-
rence of pain. It is also helpful to ask the owner to
assess fecal output. Many horses that arrive at
referral hospitals after prolonged durations of colic
have been treated on multiple occasions for colic,
which can be improved upon if horses with the first
recurrence of pain after analgesia are considered for
referral. Nonetheless, considerations of expense,
owner preference, and shipping are widely under-
stood to complicate decision making.

6. Remainder of the Physical Examination

Once the horse is comfortable, the level of dehydra-
tion can be determined by tenting the skin on the
neck, and looking at the appearance of the eye in the
orbit. This can be deceiving in senior horses be-
cause of the loss of elasticity of the skin. Nonethe-
less, most horses can be practically defined as not
dehydrated (skin tent, 2–3 seconds), 6% dehydrated
(3–6-second skin tent), 8% dehydrated (6–8 second
skin tent, some evidence of the eye sinking back into

the orbit), or 10% dehydrated (prolonged skin tent,
obvious sinking of the eye). The next component of
the examination is auscultation of the chest to con-
firm heart rate (this may be affected by an
alpha-2 agonist such as xylazine) and to briefly
auscultate the lung fields. Auscultation of the ab-
domen at the paralumbar fossa as well as at a site on
the lower flank for approximately 1 minute on each
side is reasonable to classify gut sounds as absent,
normal, or increased. Gut sounds may be reduced
in response to alpha-2 agonists. The time required
for this part of the examination provides a good
opportunity to take the rectal temperature, and this
should always be done prior to rectal palpation.
A febrile horse with signs of colic is often associated
with the early phases of enteritis or colitis, and some
horses with colitis have severe abdominal pain.

Rectal palpation is a useful and practical means to
determine the intestinal segment causing the cause
of colic. Determining the position of the spleen
is important. If it feels larger than normal, and
pushed away from the body wall, the most frequent
reason is that the colon is between the spleen and
body wall. Phenylephrine (0.01 mg/kg over 20 min-
utes diluted in saline) and walking or jogging the
horse can be helpful to vasoconstrict the spleen to
help resolve possible colonic displacement on the left
side of the abdomen.7 Another critical component
of the colic examination is nasogastric intubation.
When horses have severe pain or tachycardia, the
stomach tube should be passed early during the
examination to relieve possible gastric distension.

Diagnostic ultrasound is becoming a common
diagnostic modality and can be adapted to use rap-
idly in the field using a fast localized abdominal
sonography for horses examination. This takes ap-
proximately 10 minutes to perform, and can be used
to detect such findings as abdominal fluid, distended
small intestine, and the appearance of the nephro-
splenic space. This is particularly useful in regions
of the abdomen beyond the reach of rectal palpation
and can be used in conjunction with rectal palpation
to provide as much information as possible in terms
of localizing the cause of colic.

7. Laxative Treatment

Laxatives should be administered via nasogastric
tube, and only when there is no evidence of gastric
reflux. Additionally, if the veterinarian suspects a
small intestinal obstruction, including ileal impac-
tion, nasogastric laxatives or fluids are not indicated
because of a lack of transit to the region of the
impaction. If a horse is suspected of having a gas-
tric impaction, multiple water lavages of the stom-
ach are warranted. Although mineral oil (2 to 4
L/500 kg PO) is commonly used as a laxative, it has
been shown that hydration of the colonic contents
can be better achieved by administration of magne-
sium sulfate (1 g/kg in 4 L of water PO).8 While
sodium sulphate has been shown to result in greater
colonic content hydration than magnesium sul-
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phate, it also results in thirst and hypocalcemia,
making magnesium sulphate preferable.8 Access
to feed should not be permitted but water should be
freely available. For impactions that persist, ag-
gressive enteral and/or intravenous fluid therapy
should be instituted. One study demonstrated the
increased efficacy of continuously administered en-
teral rehydration solution in softening colonic con-
tents as compared with intravenous fluids, which
are probably best suited to restoring the systemic
extracellular fluid compartment.9 In another study,
investigators determined that administration of
8–10 L of isotonic enteral fluids every 2 hours in
horses with either large colon impaction or large
colon displacement successfully resolved impactions
in 99% of cases and in excess of 80% of large colon
displacements within 24-hours. The enteral fluid
was practically simple to make, using 6 g NaCl and
3 g KCl/ L of tap water. made from water and
electrolytes. In some cases, a less aggressive ap-
proach (5 L q 2–4 hours) is helpful to reduce impac-
tions without causing colic or reflux associated with
over-filling the stomach. If the impaction remains
unresolved, the horse becomes uncontrollably pain-
ful, or extensive gas distention of the colon occurs,
surgery is indicated.

8. Considerations for Fluid Therapy

Intravenous fluid therapy is typically more practical
to reserve for referral hospitals because of the need
for frequent monitoring by a knowledgeable techni-
cal staff. It is certainly possible to administer flu-
ids in the field, but the time taken to place a catheter
and a therapeutic volume of fluids should be care-
fully considered. Occasionally, catheter placement
is also reasonable to enable horse owners to repeat
treatment during shipping, particularly for a recur-
rently painful horse that has a long shipping time.
For IV fluid therapy, once the degree of dehydration
has been estimated, the percentage is multiplied by
the horse’s body weight to give the fluid deficit (e.g.,
6% dehydration � 500 kg � 30 L). In the field, if
fluids are going to be administered, the veterinarian
should be prepared to give approximately 15–20 L,
which corresponds to half the fluid deficit for an
adult horse that is 6% to 8% dehydrated. This
avoids any misconception by the owner that a small
volume of fluids will make a difference.

9. Conclusions

Important considerations for optimal treatment of
colic in the field are optimal use of available analge-

sics based on their potency and duration of action, as
well as a knowledge of how well the horse can be
monitored by the owner. Other considerations are
the indicated usages of nasogastric laxatives, and
the place of rehydration therapy. Importantly,
field analgesia and fluid therapy are effective in the
large majority of horses with colic. However, for
those horses with breakthrough pain, particularly
after potent analgesics including alpha-2 agonists
(xylazine and detomidine) and opiates (butorphanol)
should be carefully considered for referral. Addi-
tionally, management of pain but a lack of success at
resolving conditions like large colon impactions over
1–2 days should be also be considered for referral.
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1. Introduction

Referral of the horse with colic on an emergency
basis is stressful for owners, caregivers and the vet-
erinarians trying to do the best medically and finan-
cially for the horse and owner. Encouraging clients
to have an emergency plan for their horse(s) and to
be prepared will contribute to a favorable outcome.
An emergency preparedness checklist for horse own-
ers and caregivers includes knowing the following:

● Contact information for owner, if caregiver
● Horses/foals for which referral is an option
● Horses/foals for which surgery is an option
● Financial outlay that can be made on a partic-

ular horse/foal
● Referral hospital information (address, tele-

phone number, directions)
● Insurance company information (company

name, telephone number, policy information)
● Pertinent medical history
● Breeding and foaling dates and other specific

information for broodmares

Referral can also occur on an elective basis. While
referral on an elective basis is generally less expen-
sive, it should be reserved for patients with chronic
intermittent or recurrent colic.

Veterinarians should be familiar with the referral
procedures at a particular hospital. Admission in-
formation including client name, address, telephone
number(s); horse name, age, breed, sex, and previ-
ous admission; and insurance information should be
provided.

Pertinent information to be provided directly to
the attending veterinarian at the referral hospital
includes the following:

● History
—Specific colic signs
—Duration of colic
—Previous colic history
—Fecal production and consistency
—Breeding status of mare
—Concurrent disease (co-morbidities)
—Current medication

● Physical examination
—Severity of pain
—Heart and respiratory rate
—Rectal temperature
—Oral mucous membrane color, moistness,
capillary refill time
—Borborygmi
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● Drugs administered
—Flunixin meglumine: Time(s)? Dose? Route?
—Sedation: Drug used? Time(s)? Dose? Route?
—Response to analgesia

● Client expectations and financial constraints

Preparation involves having a patient as stable as
possible upon arrival at the referral hospital and an
owner/caregiver with appropriate expectations such
that they can make decisions for their animal.

2. Patient

Patient preparation includes providing adequate an-
algesia for the trailer ride. If the horse is showing
mild to moderate pain, xylazine with or without
butorphanol is usually adequate. However, in the
severely painful horse (e.g., large colon volvulus)
detomidine may be necessary. Avoid using potent
long-lasting analgesic drugs (e.g., detomidine) in
horses that are only mild to moderately painful,
especially if the trailer ride is short, because this
makes evaluation upon admission to the referral
hospital difficult. Analgesic drugs can be provided
for the owner to administer to the horse during
transportation, if necessary and if safe. Informa-
tion pertaining to drug used, dose, route, and time of
administration immediately before or during trans-
portation should be provided to the attending veter-
inarian at the referral hospital.

If a horse has reflux following nasogastric intu-
bation, or distended loops of small intestine on
palpation per rectum or ultrasonographic evalua-
tion, re-checking for reflux immediately prior to
transportation is imperative. It is also recom-
mended to transport the horse with the nasogastric
tube secured in place. While gastric rupture can
occur even with a nasogastric tube in place, it allows
for decompression immediately upon arrival at the
referral hospital and if the end of the tube is left
unplugged then fluid under pressure can be ex-
pelled. Taping a gloved finger over the end of the
tube and cutting a hole in the tip provides a one-way
valve whereby reflux can be expelled if gastric pres-
sure builds up while avoiding aspiration of air into
the stomach. The tip of the nasogastric tube should
be nowhere near the patient’s eye because it can
cause mechanical trauma or chemical injury can
result from any expelled reflux. Rarely, horses
can aspirate with the nasogastric tube in place and
while there is nothing specific to prevent this,
awareness is important for early identification of
horses developing aspiration pneumonia.

Trocharization is generally not recommended
prior to referral. While the procedure is safe when
the appropriate technique is used, there is still the
risk of developing peritonitis or intestinal injury.
The only indication for trocharization prior to refer-
ral is when the severity of abdominal distention is
such that the horse is unable to adequately ventilate

and likely to go into respiratory arrest during
transportation.

Intravenous fluid therapy is generally not neces-
sary prior to referral. The exception to this would
be a horse with a suspected small intestinal stran-
gulating obstruction showing signs of shock and re-
quiring a long trailer ride to the referral hospital.
In most cases, the time taken to administer suffi-
cient fluids to stabilize the horse does not warrant
the delay in referral. It is not recommended to
administer fluids during transportation particularly
during winter when the fluid in the bags can freeze.

If it is anticipated that the horse may become
recumbent during transportation, the dividers should
be taken out of the trailer and the horse’s head
either not tied or tied loosely to facilitate getting the
horse off the trailer upon arrival. Horses with
large colon volvulus, gastrointestinal rupture, and
severe colitis typically become recumbent during
transportation. If possible, it can be useful to have
the owner/caregiver or transporter give the referral
hospital a call when they are 15–30 minutes from
arrival in instances where travel exceeds an hour.

3. Client Preparation

The owner should be given an overview of expecta-
tions upon arrival at a referral hospital. Proce-
dures and policies vary between hospitals and
practitioners should be at least somewhat familiar
with such information. Emergency clinicians have
preferences based on clinical experience and geo-
graphical region regarding procedures and diagnos-
tic tests. Many hospitals have referral packets that
can be obtained to have on hand for clients when
emergency referral of their horse is necessary.

In most hospitals, the client will need to register
at the reception desk. The personnel will vary be-
tween hospitals and may include interns/residents,
emergency clinician or surgeon, nursing or technical
staff, and veterinary students.

Typically, a history will be taken by a veterinar-
ian, student, or nurse. A physical examination
may be performed by multiple veterinarians (and
students). Blood may be drawn from the jugular
vein for laboratory data, a nasogastric tube passed,
a jugular vein catheter placed and the horse admin-
istered a bolus of intravenous fluids. Abdomino-
centesis may be performed using a needle or teat
cannula and it is important to recognize that in
some cases peritoneal fluid is not obtained. Ab-
dominal palpation per rectum and often transab-
dominal ultrasonographic evaluation are performed.
The client may or may not be able to be present
during these procedures. The findings will be dis-
cussed with the owner and a treatment plan, which
will involve the decision to manage the horse medi-
cally or surgically, with associated expenses and
prognosis explained. An estimated 40% to 50% of
horses referred for colic require surgery and it is
important to recognize that certain medical diseases
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(e.g., colitis, enteritis) require intensive manage-
ment with the associated expense.

Clients should be aware of the approximate ex-
pense associated with emergency (or elective) ad-
mission, medical treatment, surgical treatment as
well as required deposits and payment requirements
or options. There are considerable regional varia-
tions in expenses but some ranges of costs at US
hospitals in 2020 are below:

● Emergency admission including emergency fee,
assessment, intravenous catheterization and
fluid bolus, palpation per rectum, laboratory
work, and abdominocentesis/peritoneal fluid
analysis: US $1,500 to $2,000

● Medical management including emergency ad-
mission plus intravenous fluids and analgesia
with or without nasogastric intubation for
24–72 hours: US $2,000 to $4,000

● Surgical management including emergency
admission plus basic postoperative care: US
$6,000 to $10,000

● A deposit of 50% of the upper or lower end of
the estimate is generally required.

While it is important that clients have reasonable
expectations regarding the expense associated with
referral of horses with colic, they should not be de-
terred because often the components that make up
the “standard of care” can be modified. For exam-
ple, a horse with a pelvic flexure impaction that did
not respond to initial treatment in the field may not
necessarily require laboratory data or intravenous
catheterization. Enteral fluids are less expensive
and likely more beneficial for resolving a pelvic flex-
ure impaction than intravenous fluids.1,2 These
considerations can substantially lower the expense
associated with treatment. Client budgetary re-
strictions and expectations should be communicated
with the attending clinician at the referral hospital
so that every attempt can be made to provide the
best possible care for the patient within the client’s
financial means.

4. When to Refer the Horse with Colic

Colic requires emergency veterinary care and hors-
es/foals that do not respond to initial treatment on
the farm should be referred on an emergency basis.
Early referral and surgical intervention has proba-
bly been the single most important factor contri-
buting to the improvement in survival of horses
requiring colic surgery.3 When horses/foals requir-
ing surgery or intensive medical care are treated
early, there is improved survival and fewer compli-
cations such as shock, ischemia-reperfusion injury,
postoperative reflux, adhesion formation, and lami-
nitis. Fewer complications mean lower cost associ-
ated with treatment. Often, very early exploratory
surgery of a horse with a small intestinal strangu-
lating obstruction will mean that the lesion can be
corrected without resection and anastomosis being

necessary and the horse will have an excellent prog-
nosis.4 Survival rates for colic surgery in the late
1980s and early 1990s for small intestinal strangu-
lating lesions were as low as 30% to 50%5,6 whereas
current survival rates of horses recovered from gen-
eral anesthesia (i.e., not euthanized during surgery)
are reported to be 80% to 95%.7,8 Similarly, sur-
vival of horses with a large colon volvulus improved
from approximately 25% to 60% to 70% from the late
1980s to the late 1990s9 and was reported to be as
high as 85% at one hospital.3,10 While surgical
technique and simply recovering the horse from
surgery is likely to have played a role in some of
these reports,9 early referral has been shown to be
important.3,11

Early referral is particularly important for horses
with strangulating intestinal lesions. Complete
ischemia for a period beyond 3 to 4 hours can lead to
irreversible cell damage and tissue injury. Large
colon volvulus is often a peracute disease that can
result in irreversible colonic injury within a few
hours and death within several hours. While in
many cases of small intestinal strangulating ob-
struction, resection of injured tissue is possible;
there are some cases where resection is not possible
because of the location or extent of injury. More-
over, prolonged distention of the intestine proximal
to the strangulating obstruction causes serosal in-
jury and low-flow ischemia with reperfusion injury
predisposing the patient to postoperative complica-
tions such as ileus and adhesion formation.12,13

Early lesion correction also minimizes signs of
shock. Shock can be associated with endotoxemia
(systemic inflammatory response syndrome), hypo-
volemia, and pain. Signs of shock worsen with a
prolonged time between lesion occurrence and
correction. Clinical and laboratory indices of
shock including tachycardia, high packed cell vol-
ume (PCV), and hyperlactatemia are associated
with prognosis for survival.9,14 –17

Education of horse owners with regard to the im-
plication of delayed referral is necessary for success.
Owners need to understand the importance of hav-
ing their veterinarian examine a horse with colic.
Presentation of information to the owner with re-
gard to the referral process and associated expense
will influence their decision making. Information
should be presented enthusiastically and positively
yet realistic expectations provided.

While the vast majority of horses with colic can be
managed in the field, approximately 10% to 20% will
require referral to a hospital or surgical facility.16,18

Referral does not necessarily mean that surgery is
indicated but that closer monitoring, more thorough
diagnostic tests, and/or intensive treatment with in-
travenous fluids and analgesia is recommended.
There are several factors that go into the decision to
refer a horse with colic:

● Persistent, severe, or recurrent abdominal pain
● Shock
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● Tachycardia or increasing heart rate
● Nasogastric reflux, especially large volumes of

reflux
● Evidence of complete intestinal obstruction or

poor motility
● Palpation per rectum findings

Pain

The main indication for referral on an emergency
basis is severe or persistent signs of abdominal pain
despite treatment with analgesics. As a guideline,
if the horse is treated with a dose of flunixin meglu-
mine, then requires a dose of sedation (xylazine and
butorphanol), and is persistently painful through
this analgesic regimen, referral is indicated and
should be discussed with the owner. Causes of per-
sistent signs of pain despite medical management
include strangulating intestinal obstruction, other
causes of intestinal ischemia, gas distention associ-
ated with a complete mechanical obstruction, or
an inflammatory process. Often a horse is not par-
ticularly painful or is temporarily responsive to
analgesics, and other guidelines for referral are nec-
essary. Examples of causes of colic that may have
such a response include large colon and cecal impac-
tions and colonic displacements. Individual vari-
ability in pain tolerance between horses exists.
Geriatric horses and draft breeds tend to be less
demonstrative of colic pain compared to other horses
and this should always be considered. If referral
is not an option, euthanasia is indicated in horses
with severe pain that is unresponsive to analgesia
(e.g., flunixin meglumine and multiple doses of
detomidine).

Chronic or recurrent abdominal pain is also an
indication for referral, although often these horses
do not necessarily need to be referred on an emer-
gency basis. The purpose of referring these horses is
predominantly for further diagnostic evaluation in-
cluding radiographic and ultrasonographic evaluation,
abdominocentesis and peritoneal fluid analysis,
clinical laboratory data, gastroscopy, and explor-
atory celiotomy in some instances. Owners should
be aware, however, that often the evaluation of the
horse with chronic colic is unrewarding. Examples
of lesions that may cause such clinical signs include
enterolithiasis, intermittent nephrosplenic entrap-
ment of the large colon, gastric ulceration, inflamma-
tory bowel disease, sand enteropathy, neoplasia, and
adhesions.

Shock

Shock is defined as inadequate oxygen delivery to
the cells leading to insufficient adenosine triphos-
phate (ATP) production and ultimately cell death.
Hypovolemia, endotoxemia (systemic inflammatory
response syndrome), sepsis, and hemorrhage can
lead to shock in the horse showing signs of colic.
Signs of shock include tachycardia (heart rate �70
beats/minute), injected or toxic mucous membranes,
prolonged capillary refill time, poor jugular vein re-

fill time, cool extremities, and dull demeanor. Re-
ferral of horses with shock is recommended because
of the need of intravenous fluid therapy and the
likelihood that they have serious disease. Shock,
by definition, leads to anaerobic metabolism and
lactate production. Point-of-care lactate meters
may be useful for assessing and monitoring horses
in the field. Horses with gastrointestinal perfora-
tion rapidly develop signs of shock including profuse
sweating, muscle fasciculations, tachycardia, tachy-
pnea with nostril flare, and injected or toxic mucous
membranes. Horses with perforation often have a
grimace and are reluctant to walk and develop a
fever. Perforation can be confirmed with transab-
dominal ultrasonographic evaluation combined
with abdominocentesis and peritoneal fluid analy-
sis. Euthanasia is indicated in any horse with con-
firmed perforation.

Tachycardia or Increasing Heart Rate

When treated on the farm, horses should be moni-
tored closely for tachycardia or increasing heart
rate. A particularly high heart rate �60 beats/min-
ute or a heart rate that is increasing despite medical
management is an indication for referral because
it suggests worsening of a condition and failure to
respond to medical management. The main causes
of tachycardia include shock and pain. Any horse
with a heart rate �60 beats/minute is likely to have
some signs of either severe pain or shock indicative
of a referral.

Nasogastric Reflux

The horses with large volumes of nasogastric reflux
should be referred because this is often an indication
of either proximal enteritis or a small intestinal
strangulating obstruction requiring surgery. Even
if surgery is not necessary (i.e., proximal enteritis or
ileus) intravenous fluids are recommended.

Evidence of Complete Intestinal Obstruction or Poor

Motility

There are several clinical indications that the horse
likely has a complete intestinal obstruction or is
not responding to initial treatment with analgesia
and/or enteral fluids and mineral oil: marked or
increasing abdominal distention; absent, reduced or
deteriorating borborygmi; and absent fecal output
despite treatment. Of particular note is the associ-
ation between lack of intestinal borborygmi and the
need for colic surgery.19

Abdominal Palpation Per Rectum

While not necessarily an overriding clinical feature,
findings on palpation per rectum that are indica-
tions for referral include the following:

● Cecal impaction: Horses with cecal impaction
have a relatively high risk of cecal perforation
that can be insidious. Signs of pain in horses
with a cecal impaction often respond well al-
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beit temporarily to treatment with flunixin
meglumine.

● Small colon impaction: Impactions of the
small colon require aggressive medical man-
agement including intravenous and enteral
fluids because they can be challenging to re-
solve medically and often require a lot of anal-
gesia, trocharization, and/or surgery. Horses
with small colon impactions often develop
marked colonic distention.

● Colonic displacement (either right dorsal dis-
placement or nephrosplenic ligament entrap-
ment): Similar to small colon impaction, these
horses often require frequent analgesia, may
benefit from intravenous fluids, and often re-
quire surgery. Horses with nephrosplenic
entrapment may respond to intravenous
phenylephrine administration and/or rolling
under general anesthesia.20–22 Of note is
that horses with nephrosplenic ligament en-
trapment often have another lesion.20,21

● Severe colonic distention: Large colon volvu-
lus or a complete large or small colon obstruc-
tion leads to severe colonic distention. Large
colon volvulus requires immediate surgical
treatment. Horses with a complete obstruc-
tion (e.g., enterolithiasis or sand impaction)
also require surgery.

● Distended small intestine: Differentiating
a small intestinal strangulating from a non-
strangulating obstruction often can be chal-
lenging and, therefore, referral is recommended
for any horse with small intestinal distention.

● Abdominal mass(es) often require a thorough
workup including ultrasonographic evalua-
tion, peritoneal fluid analysis, biopsy, and lap-
aroscopy or laparotomy.

Mild colonic or cecal distention and pelvic flexure/
left ventral colon impaction alone are generally not
indications for referral unless the referral hospital is
several hours away and warrants careful patient
monitoring for resolution or deterioration. Find-
ings on palpation per rectum, however, were not
necessarily associated with the need for surgery.19
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1. Introduction

It is critical for the client to develop an understand-
ing of the short-term and long-term complications
that may affect a horse that has just been through
colic surgery in order to optimize management.
An understanding of the owner’s expectation for re-
turn to performance is also crucial. For example, if
the expectation is to save the horse’s life, this makes
some complications such as incisional hernias a less
pressing concern, and even low-level chronic lamin-
itis can be managed. However, these same compli-
cations are highly problematic and impede long-
term success in horses intended to return to athletic
performance. These factors can be discussed with
the owner in the immediate post-operative period.

2. Referral Time

The greatest opportunity for maximizing success
and reducing complications is at the time of referral,
meaning that horses referred early in the disease
process will likely have less intestinal injury, faster
and less intricate surgeries, and a more rapid recovery
in the post-operative period. The universal problem
most colic surgeons have to deal with is duration of
colic. Studies have shown that even the most fatal

forms of colic, such as large colon volvulus, can have a
remarkably positive long-term outcome if they are re-
ferred rapidly.1 The aforementioned study is from a
referral area that is unique in the Unites States (Lex-
ington, KY), in that the value of the horses, the quality
of the management, and the proximity to the referral
hospital appears to reduce referral time down to a
minimum. In other studies, the prognosis for large
colon volvulus is notably lower, largely because of re-
ferral time.2 Therefore, equine veterinarians have to
continue to work on early referral with their clients to
improve long-term results. Because the current state
of colic surgical management is rapid, technically pro-
ficient, and highly successful, the short-term survival
rate (discharge from the hospital) is progressively in-
creasing into the range of 75% or above, even with
severe conditions like small intestinal strangulating
obstruction.3 However, long-term survival continues
to be more problematic, particularly in horses recover-
ing from small intestinal surgery, because of compli-
cations such as adhesions.

3. Colic Surgery

To understand long-term management of horses fol-
lowing colic surgery, some understanding of what
transpires within surgery is important. Once a
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horse has been referred, time is again of the essence
to decide on whether or not a horse should go to
surgery in order to improve long-term outcome.
Once in surgery, the surgical team should be able to
move swiftly through an exploratory and any surgi-
cal manipulations required within 2–3 hours. This
should aim to maximally reduce time in the abdo-
men, which translates to trauma, systemic inflam-
mation, and a poorer long-term outcome. Of all
of the long-term complications hindering a good
long-term outcome, adhesions are among the most
problematic. These result both from the level of
intestinal injury induced by the obstructive disease
process and the level of manipulation at surgery.
Another aspect of colic surgery that is critical to
long-term outcome is closure of the incision. That
is because in one study, one of the factors that lim-
ited long-term outcome to the greatest extent was
abdominal hernias.4 These likely relate to closure
technique and whether or not the incision becomes
infected. Infection rates tend to be up to�20% at
most surgical hospitals,5 but should be monitored
closely to make sure the prevalence is not increas-
ing. An additional factor that likely has a role in
incisional complications is trauma to the incision
itself, which also relates to time and technical pro-
ficiency of the surgical team.

4. Post-Operative Complications

The initial objective following surgery is a satisfac-
tory recovery from anesthesia. Although cata-
strophic injuries during anesthetic recovery, parti-
cularly fractures, have become more uncommon
with advances in anesthetic techniques, nonethe-
less, colic patients that present with systemic com-
promise are at increased risk of complications,
particularly following a long surgery for procedures
such as a resection. Beyond anesthetic recovery,
there are three major life-threatening complications
of colic surgery that should be discussed with own-
ers. First, assuming the horse recovers well from
anesthesia, there is management of shock states
(hypovolemia and endotoxemia [sepsis or systemic
inflammatory response syndrome]). This includes
optimal fluid and electrolyte administration, judi-
cious use of non-steroidal anti-inflammatory drugs
(NSAIDs), use of pain medications to optimize recov-
ery,6 and use of colloids or plasma as needed to
maintain oncotic pressure. Medications to specifi-
cally target endotoxemia, such as polymyxin B
(5,000 u/Kg, IV),7 may be helpful, but remain largely
unproven by clinical trials.8 The next phase of
post-operative management tends to be post-opera-
tive ileus (POI). There is reasonably good evidence
that early return to feeding reduces POI.9 Aside
from this principal, for horses that do develop POI,
current treatment includes continued use of anti-
inflammatory drugs and intravenous (IV) lido-
caine.10 Studies have shown that COX-2 inhibitors
may be more beneficial than non-selective NSAIDs
because they are capable of managing pain without

inhibiting intestinal repair.11,12 Interestingly, con-
current use of IV lidocaine (1.3 mg/kg loading dose,
0.05 mg/mL controlled rate infusion [CRI]) also im-
proves intestinal repair.13 There has also been one
clinical trial showing that IV lidocaine reduced the
length of time of POI and amount of reflux,14 but
more rigorous clinical trials are needed to discern
the utility of IV lidocaine. The latter phase of post-
operative management in the hospital tends to re-
late to adhesion formation, particularly in patients
treated for small intestinal obstruction. Develop-
ment of adhesions are thought to be clinically evident
based on recurrent episodes of colic in at-risk pa-
tients.15 One intra-operative treatment that is be-
lieved to reduce onset of adhesions, based in a
reduction in incidence of post-operative colic in pa-
tients following small intestinal surgery, is car-
boxymethylcellulose,15 which can be used during
surgery and following lavage of the abdomen with
sterile saline in volumes of 500 mL to 1 L. In ad-
dition, post-operative peritoneal lavage and drain-
age has been found to mitigate adhesion formation
in an experimental setting,16 and can be used clini-
cally by infusing �10 L balanced polyionic fluids
into an abdominal drain, and retrieving these fluids
after allowing approximately 20 minutes of time
within the abdomen.

There are also other post-operative complications
that occur less frequently, including laminitis, which
can be devastating. A relatively recent advance in
treatment of laminitis has been the use of digital
cryotherapy (continuous icing of the feet) in any
horse at risk of laminitis,17 and this may improve
long-term results. Importantly, a great deal of at-
tention should also be paid to the midline incision.
Incisional infection remains a relatively common
post-operative complication, and in some cases is
associated with hernia formation. Incisional infec-
tions are resolved by early removal of skin staples or
sutures to allow for drainage, and lavage of the
incision. Horses may continue to have clinical evi-
dence of an incisional infection at the time of dis-
charge, which will need to be attended to by the
referring veterinarian. The incision will need to be
carefully probed to determine the extent of infection,
including whether or not the sutures within the
linea alba are prematurely breaking down. If there
is a concern that a hernia may develop, commercial
hernia belts are recommended to reduce tension on
the linea alba. Once a hernia has formed, it can be
monitored ultrasonographically and decisions can
be made as to whether to ultimately perform herni-
orrhaphy. Unfortunately, the best time to take
these horses back to surgery is after the incision has
healed to the greatest extent possible, forming a
sufficient thickness of fibrous tissue to optimize
the repair, at approximately 6 months following sur-
gery. This can be very difficult for owners to un-
derstand, and can require a lot of additional
communication between the veterinarian, surgeon,
and owner.
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5. What is the Expectation for Long-Term Outcome?

An understanding of the owner’s expectations can
make a big difference in how to define long-term
outcome. For example, if the expectation is solely
to save the horse’s life, then considerations over
incisional hernias or other long-term management
problems such as laminitis can be more readily rec-
onciled within the owner’s expectations. Long-
term analyses based on the type of lesion a horse has
had can also be discussed to make sure expectations
are realistic. For example, once a horse has been
discharged from the hospital, the long-term progno-
sis is lower for horses with small intestinal stran-
gulation obstruction as compared to other forms of
obstruction.18 The principal reason for this ap-
pears to be recurrent colic, most likely associated
with adhesions.19 When advising owners, it is
helpful for them to know that if a horse is going to
have problems with adhesions, it is typically within
3 months of surgery. Unfortunately, colic that re-
quires a second surgery because of adhesions carries
a fair-to-guarded prognosis.

If owners expect a return to athletic performance,
management of long-term complications becomes
that much more critical, and complications such as
incisional hernia may require an additional surgery
to enable athletic performance. Other surgical in-
terventions that can potentially be performed to re-
duce repeat colic that might require surgery are
ablation of the nephrosplenic space in horses with
repeat episodes of left dorsal displacement, and col-
opexy in horses with repeat episodes of large colon
volvulus. The latter tends to preclude athletic per-
formance because of colic associated with adhesion
of the colon to the ventral body wall, but is particu-
larly useful in broodmares that are at greatest risk
of large colon volvulus. Resection of the colon is an
alternative consideration to colopexy, allowing re-
turn to athletic performance. Larger studies to im-
prove understanding of long-term outcome are
needed, and beginning to be performed.

6. Helping Owners Return Their Horse to

Performance

Return to intended use and performance following
colic surgery is of major concern to horse owners.
The potential for return to performance in an equine
athlete is typically weighed against the cost of sur-
gery, intensive post-operative care, and prolonged
convalescence. In one published study on return to
performance following colic surgery, 76% of horses
discharged from the hospital had at least reached
their pre-operative level of performance within 1
year.4 Another study on Thoroughbred racehorses
showed that 69% of horses taken to surgery for colic
returned to racing within 6 months.20 This illus-
trates how long it can take to fully rehabilitate a
horse following colic surgery. Current recommen-
dations are to stall rest horses following discharge
from the hospital for colic surgery for 1 month, fol-
lowed by 1 month of small paddock turnout, and a

gradual return to exercise in the third month follow-
ing colic surgery. This time frame approximately
parallels the healing of the midline incision, which
will have reached original strength in 8 weeks in the
absence of any complications such as infection or
repeat laparotomy.21 From this perspective own-
ers can expect to be riding their horses at a reduced
but escalating level after 2 months, with most sport
horses attaining full athletic potential within 12
months, depending upon the discipline and extent
of surgery.4 However, more recent studies on re-
habilitation of horses with midline incisions suggest
that practitioners could be advising clients differ-
ently in order to return to performance more rapidly.
In particular, a recent study showed that having
clients work with their horses in a controlled fashion
in the post-operative period to reduce loss of mus-
cle strength reduced the time to return to full
performance, and resulted in more horses attain-
ing a higher level of performance following colic
surgery.22

7. Conclusions

Preparing a client for the post-operative period fol-
lowing colic surgery includes an understanding of
short- and long-term complications. Once a horse
has been discharged, the veterinarian should have
the client focus on any instances of recurrent colic
and the appearance of the incision. A good working
knowledge of post-operative complications that oc-
curred during hospitalization is important to be able
to guide the client following hospital discharge.
Finally, the post-operative exercise program should
be carefully controlled to allow time for the midline
incision to heal, but can be modified to reduce loss of
muscle tone in order to increase the chances of ear-
lier return to performance. Attention to feeding for
optimal retention and strengthening of muscle mass
is also an important component of post-operative
rehabilitation.
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1. Introduction

Transport of cooled stallion semen is commonly per-
formed with one extender based on native phospho-
caseinate (NP)a; although this is an excellent
extender, some stallions still do not cool well with
this extender. The objective of this study was to
compare the most widely used semen extender
based on NPa with a new extender based on sodium
caseinate (SC) associated with cholesterol-loaded cy-
clodextrinb and also three semen cooling containers
by assessing semen parameters and embryo recov-
ery rates of cooled stallion semen. The authors hy-
pothesized that the combination of cholesterol and
sodium casein results in superior parameters for
cooled stallion semen than NP.

2. Materials and Methods

In experiment 1, 45 ejaculates from 9 mature stal-
lions were collected, assessed, and equally split be-

tween both extenders and then extended to 50
million sperm/mL. Then, the extended semen was
stored in three passive cooling containersc,d,e for
48 h. In experiment 2, the same ejaculates ex-
tended in experiment 1 were centrifuged, the super-
natant was discarded, and the pellets were
resuspended at 100 million sperm/mL with their
respective extenders. Semen was then cooled and
stored as in experiment 1. In both experiments,
sperm motility parameters were assessed at 0, 24,
and 48 h post-cooling. Plasma membrane integrity
and high mitochondrial membrane potential were
assessed with spectral flow cytometryf using a fix-
able staining with Zombie Greeng and Mitotracker
Deep Red.h For experiment 3, 12 mares (n � 24
cycles) were randomly bred with 48-h cooled semen
from 1 stallion used in the previous experiments and
available to the investigators. Semen was pro-
cessed as described in experiment 1. Mares had
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embryo flushing performed by 8 days post-ovulation.
Data were analyzed with mixed models.

3. Results and Discussion

In experiment 1, SC displayed superior total and
progressive motility relative to NP (P �

0.05). There were no significant differences be-
tween the type of containers in any experiment.
In experiment 2, NP and SC extenders had similar
total and progressive motility, but SC had superior
sperm velocity parameters at all timepoints. Em-
bryo recovery was identical for both extenders
(50%). Finally, the results obtained herein suggest
that SC is a suitable alternative to be included in
semen cooling tests against NP in clinical practice.

Acknowledgments

This study was supported by the Department of
Veterinary Clinical Medicine, University of Illinois.

Declaration of Ethics

The Authors have adhered to the Principles of Vet-
erinary Medical Ethics of the AVMA.

Conflict of Interest

Botupharma USA donated one of the extenders
(Botusemen Gold) used in the experiment and one
of the semen cooling containers. INRA 96 was
purchased with a research discount from the
manufacturer.

Footnotes

aINRA96, IMV, Maple Grove, MN 55369.
bBotuSemen Gold, Botupharma USA, Phoenix, AZ 85027.
cEquitainer II; Hamilton Research, Inc., Ipswich, MA 01938.
dEquine Express II, Exodus Breeders Supply, York, PA 17406.
eBotuFlex, Botupharma USA, Phoenix, AZ, 85027.
fCytek Aurora, Cytek Bioscience, Freemont, CA 94538.
gZombie Green Fixable Viability Kit #423112, BioLegend, San

Diego, CA 92121.
hMitoTracker™ Deep Red #M22426, Invitrogen™-Thermo

Fisher Scientific Corporation, Waltham, MA 02451.

AAEP PROCEEDINGS � Vol. 66 � 2020 129

THERIOGENOLOGY



One-Hour Post-Breeding Lavage Does Not Affect

Pregnancy Rates in Mares Bred with Frozen

Semen

Juan C. Samper, DVM, MSc, PhD, DACT*; Sofia Kovácsy, MV;
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1. Introduction

Uterine lavage as early as 4 hours post-uterine
insemination removes inflammatory products. The
authors hypothesize that by using deep horn insem-
ination (DHAI), mares could be lavaged earlier than
previously thought without affecting the pregnancy
rates.

2. Materials and Methods

Mares were randomly allocated to two groups (group
1 lavaged 1 hour and group 2 lavaged 4 hours post-
DHAI) and bred over 14 cycles with frozen semen in
a cross-over design. A total of 1 mg deslorelin was
given intramuscularly, and mares were bred within
6 hours post-ovulation. A Student t-test deter-
mined differences between groups. In a commer-
cial setting, 192 normal or subfertile mares bred by
DHAI within 4 hours post-ovulation were not la-
vaged or were lavaged at 1 or 4 hours post-DHAI.

Chi-square was used to determine the significance of
the treatments on pregnancy rates.

3. Results

Overall, the pregnancy rate in experiment 1 was
42.8% with no difference (P � 0.28) in pregnancy
rates between groups. Subfertile mares in the com-
mercial setting that were lavaged at 1 hour or 4
hours had a higher pregnancy rate (48.4% vs.
42.86%) than those not lavaged (33.3%) (P � 0.05).

4. Discussion

The results from the timed uterine lavage especially
in problem mares indicate that early lavage can be
beneficial when mares are bred by DHAI, perhaps
by reducing the length of uterine-sperm contact and
therefore reducing the time in which the mare can
mount a full uterine inflammatory reaction.
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1. Introduction

Granulosa cell tumors/granulosa theca cell tumors
(GCTs/GTCTs) reportedly cause abnormalities in
mare cyclicity and reproductive behavior. The aim
of this study was to evaluate reproductive function
and performance following unilateral ovariectomy of
a confirmed GCT/GTCT.

2. Materials and Methods

Mares that had a unilateral ovariectomy performed
and histopathologic confirmation of a GCT/GTCT
were included in this study. Veterinary and Jockey
Club records from 71 mares (1987–2020) were re-
viewed. Statistical analysis was performed using
JMP 14 program. Post-hoc analysis was performed
using non-parametric comparisons with the Wilcox-
on/Kruskal-Wallis test; significance: P � .05.

3. Results

Mean age of mares was 9.03 (� 1.1) years. Mean days
to first detected ovulation was 174.5 (� 47.7) days;
time to first pregnancy diagnosis was 302 (� 64.3) days;
time to first foal was 739 (� 67.0) days. Age did not
affect the number of foals produced in the 5 years follow-
ing ovariectomy (P � .255): 2–9 years: 2.7 (� 0.4);
10–15 years: 2.2 (� 0.4); 16–27 years: 2.4 (� 0.5).

4. Discussion

Following removal of a GCT/GTCT, the mean time
to first ovulation occurs within 6 months. A limi-
tation of the study is that only Thoroughbred mares
were included and bred via live-cover.
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1. Introduction

Ascending placentitis is one of the leading causes of
abortion in the horse. Interleukin-6 (IL-6) is the gold
standard diagnostic for intra-amniotic infection (cho-
rioamnionitis) in humans, but minimal is understood
regarding this cytokine in equine placental disease.

2. Materials and Methods

Placentitis was induced via trans-cervical inocula-
tion of Streptococcus zooepidemicus and fetal fluids/
serum/tissues were collected 8 days later following
euthanasia. Cytokine concentrations were de-
tected using a multiplex immunoassay within fetal
fluids (amniotic and allantoic) and serum (maternal
and fetal) in inoculated (n � 6) and control (n � 6)
mares. Additionally, RNASeq was performed on
the placenta (endometrium and chorioallantois) to
assess transcripts relating to IL-6 pathways.

3. Results and Discussion

IL-6 appears to play a crucial role in the placental
response to induction of equine placentitis, and an
increase in this cytokine was noted in amniotic fluid,

allantoic fluid, and serum following inoculation.
An increase in maternal serum IL-6 following inoc-
ulation had a specificity of 75%, sensitivity of 97%, a
positive predictive value of 99%, and a negative pre-
dictive value of 42%. Additionally, by day 8 follow-
ing inoculation, IL-6 activates the classical signaling
pathway to act as anti-inflammatory, pro-survival,
and pro-proliferation via the JAK/STAT pathway.
Therefore, IL-6 may alter disease progression, im-
pede abortion signals, and assist with the produc-
tion of a viable neonate.
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1. Introduction

Assessment of pregnancy viability in the equine pa-
tient is currently based on gestational profiles of
limited prognostic value. In recent years, Doppler
technology has been applied to uterine and umbilical
arteries of pregnant mares to monitor fetal res-
ponsive hemodynamics, suggestive of compromise.
To date, uterine artery Doppler indices failed to
provide sufficient evidence of pregnancy viability
and the umbilical cord of the equine fetus is incon-
sistently visualized past 250 days gestation. The
objectives of this study were to 1) evaluate intracra-
nial blood flow impedance of the fetal carotid artery,
and 2) establish reference values for healthy, un-
complicated pregnancies.

2. Materials and Methods

For the purpose of this study, 12 pregnant mares
were examined at 2 to 3 weeks interval by B mode
and Doppler ultrasonography and a novel tech-
nique was developed for Doppler evaluation of the

carotid artery in the equine fetus. Additional bio-
physical and biochemical parameters were collected
to demonstrate appropriate pregnancy development.

3. Results and Discussion

In this study, Doppler waveform analysis of fetal
intracranial vasculature demonstrated an elevated
blood flow impedance, showing a significant nega-
tive correlation of carotid Doppler indices with ges-
tational age (resistive index: R � �499; P � .001;
pulsatility index: R � �306; P � .001). Results
were comparable to human fetal trends for the mid-
dle cerebral artery from mid gestation to term.
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1. Introduction

Endometritis is the most common cause of subfertil-
ity in mares. All mares display a physiological
post-breeding endometrial inflammation; however,
15% to 20% of mares have persistent breeding-
induced endometritis (PBIE). This study aimed to
compare plasma-rich (PRP) or -poor (PPP) in plate-
lets and lactated Ringer’s solution (LRS) infusions in
mares susceptible PBIE.

2. Materials and Methods

Mares (n � 12) susceptible to PBIE had 3 cycles ran-
domly assigned in a crossover design to receive intra-
uterine infusions with 40 mL of LRS (control), or
autologous PRP or (PPP) at 48 and 24 hours pre- and
6 and 24 hours post-breeding. Both PRP and PPP
were prepared with double centrifugation off a blood
transfusion baga. Platelet numbers were counted

with a hemocytometer. Platelet viability was as-
sessed with spectral flow cytometryb (mouse monoclo-
nal antibody anti-CD41/61, secondary antibody anti-
mouse IgG PE-conjugated)c. Mares were bred with
fresh semen from one stallion. Intrauterine fluid ac-
cumulation and endometrial polymorphonuclear cells
were assessed daily. Embryo flushing was performed
8 days post-ovulation, and the recovered uterine fluid
was aerobically cultured. Data were analyzed with
ANOVA-RM and post-hoc with Tukey’s, and multivar-
iate regression.

3. Results and Discussion

Platelet concentrations were 622.9 � 144�103/�L
(PRP) and 36.1 � 25�103/�L (PPP). There were
no differences in platelet viability between groups
(97 � 0.7% vs 97.2 � 0.6%). Both treatment groups
significantly reduced endometrial polymorphonu-
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clear cells and intrauterine fluid accumulation post-
breeding when compared to control cycles. Controls
had a significantly higher percentage of positive bac-
terial cultures (42%) in comparison to PRP-assigned
cycles (0%), whereas cycles treated with PPP were not
significantly different from the other groups (17%).
PRP cycles tended (P � .08) to have higher embryo
recovery rates (83%) than the control (33%), though
not significantly different than PPP (60%). In conclu-
sion, plasma infusion modulated the inflammatory re-
sponse in mares susceptible to PBIE, and PRP appears
to have additional benefits in comparison to PPP.
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Footnotes

aBlood collection bag, single, prefilled with 63 mL of CPDA-1,
450 mL #J0520, Jorgensen Labs, Loveland, CO 80538.
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1. Introduction

The mare is unique among domestic animals in hav-
ing a short interval from parturition to first ovula-
tion.1 The “foal heat” is defined as the estrus that
occurs within the first 20 days after foaling.2–4

Behavioral estrus usually begins 5 to 12 days after
foaling, while the average day of ovulation is 10 to
13 days postpartum, with a range of 7 to 20
days.1,3,5–9 It is estimated that 85% to 95% of
mares ovulate within the first 20 days after
foaling.3,6,10

The gestation length in the horse is approxi-
mately 340 days and the interval from foaling to
pregnancy for mares initially bred on their foal
heat is approximately 25 days.1,3,11 Conse-
quently, in order to maintain a 12-month foaling
interval and produce on average a foal per year,
mare owners need to consider foal-heat breeding
options. The seasonal pregnancy rate for mares
bred on the foal heat has been reported to be
comparable to that of mares bred on later heat
cycles, indicating that there is no disadvantage in
considering a foal-heat breeding.3 Breeding
mares on the foal heat was noted to increase the
odds of foaling mares conceiving by the end of the
season by a factor of 2.04 compared to mares not
bred at the foal heat.12

Routinely waiting until the second (30-day) heat
to begin breeding will inevitably result in a longer
foaling-to-conception interval and an annual grad-
ual drift toward a foaling date later in the season.
A retrospective study in Thoroughbreds revealed
that 69% of mares foaling on consecutive years
drifted an average of 13 � 23 days later in the
subsequent year.13 Owners that choose not to
breed mares on the foal heat must accept the fact
that mares will have to be left open for a season
every 3 to 6 years when the potential foaling date
becomes too late in the season to be acceptable.

2. Pregnancy and Pregnancy Loss Rates

Pregnancy rates for mares bred at the foal heat have
been noted to be lower and pregnancy loss rates
higher than for mares bred on a subsequent heat in
a majority of reports (Table 1 and Table 2).3,4,14–23

In contrast, some studies did not note any difference
in pregnancy between foal-heat breeding and subse-
quent cycles.24–28

Pregnancy rates have been reported to be higher
for mares bred on the foal heat if ovulation occurred
after day 10 than mares that ovulated on or before
day 10 in some studies,3,29 but not in oth-
ers.4 Blanchard and coworkers22 noted an in-
creased odds ratio for pregnancy loss in mares
bred before day 13 postpartum. Meyers and col-
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leagues30 reported that mares bred on the foal heat
were 1.9 times more likely to experience pregnancy
loss than mares bred on a later heat. Embryo loss
after a foal-heat breeding was reported to be de-
creased in mares with lower stress than in mares
exposed to higher levels of stress.31 The degree of
stress was modulated by either maintaining mare
social groups or frequently modifying social groups.

A current recommendation in clinical practice is to
not breed foal-heat mares before the tenth day post
foaling; if a mare does ovulate prior to day 10, it is
recommended to administer prostaglandins 5 to 6
days post ovulation to short cycle and breed on the
subsequent heat.32–34

Mare age also has a significant effect on fertility in
post-partum mares, with mares greater than 14 to
16 years of age having a lower foal-heat pregnancy
rate than younger mares.7,12,27

In most breeding programs, foaling mares consti-
tute more than 50% of the population.1 Manage-
ment plans for rebreeding the post-partum mare are
based on owner goals, presence or absence of foaling
or post-partum complications, ovarian function in
the post-partum period, stallion availability, and
other factors. The goal of this review is to discuss
physiologic events and management options for re-
breeding the post-partum mare.

3. Considerations for Foal-Heat Breeding

Dystocia

Dystocia occurs in approximately 4% to 11% of
equine births.11,35,36 The average duration of stage

II of labor is approximately 17 minutes with most
foals delivered within 20 to 30 minutes after rupture
of the chorioallantoic membrane.36,37 Prolonged la-
bor, severe bruising, lacerations or hematomas of
the reproductive tract during spontaneous delivery,
trauma secondary to dystocia or obstetrical manip-
ulation, and hemorrhagic episodes can all adversely
affect uterine involution, fertility or breeding deci-
sions in the early post-partum period.38–40 It is
important to perform a thorough reproductive exam-
ination on all foaling mares by 7 to 8 days post-
partum, including examination of the external
genitalia, vaginal speculum examination, manual
digital examination of the vagina and cervix, as well
as transrectal palpation and ultrasound.33

Retained Fetal Membranes

Expulsion of the fetal membranes (chorioallantois,
amnion, and umbilical cord) usually occurs within
30 minutes to 2 hours after foaling. In the mare, a
“placenta” is considered to be abnormally retained
beyond 3 hours postfoaling.38,41 Retention of the
fetal membranes is more common after dystocia,
abortion, prolonged gestation, induction of labor and
obstetrical procedures, and the overall incidence
rate is 2% to 10% in the general horse population.38

Retained placenta may predispose mares to sys-
temic diseases such as metritis and laminitis, as
well as adversely affect fertility in the early post-
partum period.42 Retention of the fetal membranes
longer than 3 hours may result in decreased preg-
nancy rates in mares bred at the foal heat. Ishii

Table 1. Reports of Pregnancy Rates for Mares Bred on the First Post-Partum Estrus (Foal Heat) Versus the Subsequent Estrous Cycle

Study

Foal Heat Subsequent Heat

(n) Pregnancy Rate (%) (n) Pregnancy Rate (%)

Loy3 252 50.0 219 58.9

Lieux16 304 39 490 55

Saltiel et al24 24 50.0 12 50.0

Lowis and Hyland31 96 47.9 58 55.2

Camillo et al26 253 71.9 26 84.6

Morris and Allen20 210 57.6 560 65.9

Malschitzky et al45 89 71.9 14 64.0

Blanchard et al27 399 72.2 158 75.9

Table 2. Reports of Pregnancy Loss Rates for Mares Bred on the First Post-Partum Estrus (Foal Heat) Versus the Subsequent Estrous Cycle

Study

Foal Heat Subsequent Heat

(n) Pregnancy Loss Rate (%) (n) Pregnancy Loss Rate (%)

Loy3 126 12.7 280 11.4

Lieux16 103 16.5 232 13.8

Chavalier-Clément24 670 7.5 629 4.4

Lowis and Hyland31 80 10.0 52 3.9

Morris and Allen20 210 9.5 560 7.1

Malschitzky et al45 89 10.9 14 11.1

Miyakoshi et al4 389 11.1 531 3.8

Lane et al23 n/a 15.0 n/a 14.3
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and colleagues42 reported foal-heat pregnancy rates
of 50% and �20% for Thoroughbred mares that
passed their placentas in less than 3 hours and
greater than 3 hours, respectively. Consequently,
it is recommended that early prompt treatment be
initiated to remove retained fetal membranes both
for the health of the mare and to optimize her repro-
ductive potential.43,44

Excessive Lochia

The term, lochia, refers to placental fluid, inflamma-
tory cells, and debris remaining in the uterus after
foaling. Mares normally pass a small amount of
turbid red-brown non-malodorous lochia fluid for
several days after foaling. A small amount of fluid
may be observed in the uterine lumen during ultra-
sound examination for the first 3 to 6 days after
foaling, after which the fluid volume should reduce
significantly.9,38 The presence of a small volume
uterine fluid during the first post-partum estrus was
not associated with a reduction in pregnancy rate in
two studies.45,46

There is no clinical need to treat a mare for the
presence of a normal amount of lochia discharge
early in the post-partum period. However, a pro-
longed duration of lochial discharge, an abnormal
odor or character to the discharge, or an increased
volume or echogenicity of lochia within the uterus
visible on ultrasound examination beyond 5 to 7
days after foaling are all abnormal and may de-
crease fertility or increase embryonic loss in the
early post-partum period.6,27,47–49 In these circum-
stances, a therapeutic uterine lavage along with ad-
ministration of oxytocin should be considered.46

Exercise may also be helpful for uterine involution
and evacuation of uterine fluid in post-partum
mares.33,50–52

Uterine Involution

The term, “involution”, has been used to describe the
restoration of the uterus to a pre-gravid state, and
includes expulsion of uterine fluid and debris, a re-
duction in uterine size, and regeneration of the en-
dometrial lining of the uterus.51,52 In a study
evaluating uterine involution, biopsy of the uterus
the day after foaling revealed distinct microcar-
uncles, distended endometrial glands and marked
edema.53 Re-evaluation 7 days after foaling
showed that microcaruncles were no longer present,
the luminal epithelium was intact, and the endome-
trial glands were no longer distended, indicating
that uterine involution was complete.

The previously gravid horn remains larger than
the contralateral horn for approximately 3 weeks
after foaling.9,47 Histologically, the endometrium
returns to normal by 14 days postfoaling.8,53 The
endometrium of the mare sustains only limited dam-
age as a consequence of pregnancy, foaling, and pas-
sage of the placenta. This has been attributed to
the non-invasive diffuse epitheliochorial placenta-
tion of the horse.54

Culture and Cytology

Culture of the uterus of post-partum mares com-
monly results in growth of Streptococcus equi subsp.
zooepidemicus and/or Escherichia coli.5,6,53,55–57

In some reports, a decrease in foal-heat pregnancy
rate was noted in mares with a positive uterine
culture,56,58 whereas other studies did not note a
difference in pregnancy rates based on the presence
or absence of bacterial growth.5,6 Mares with a
positive culture on their foal heat typically have a
negative culture on the subsequent heat.55,57 Ulti-
mately, there is no clear relationship between re-
sults of culture and pregnancy rates in mares bred
on the foal heat.

Post-partum mares also exhibit considerable vari-
ability in the amount of inflammation present in the
uterus as determined by the number of inflamma-
tory cells in cytologic samples.5,6,24,59 The number
of neutrophils in uterine cytology samples was re-
ported to increase from day 2 postpartum to day 5,
but pregnancy rates after foal-heat breeding were
not different between mares with neutrophils and
mares without neutrophils on uterine swabs.5 A
second study noted that the number of neutrophils
and amount of cellular necrosis decreased from par-
turition to the onset of the foal heat.24 A third
study revealed that 58% of post-partum mares had a
significant degree of inflammation present at day 7
and yet 73% of mares with significant inflammation
became pregnant after a foal-heat breeding.6 In
summary, there is not a clear relationship between
the presence or absence of inflammatory cells in a
sample collected during the foal heat and the poten-
tial for generating a pregnancy at a foal-heat
breeding.

The post-partum period is the only period in the
life of a mare in which the presence of bacteria (i.e.,
Streptococcus sp. and E. coli) on culture and white
blood cells on cytology may have limited clinical
relevance. If a stallion owner requires a “clean cul-
ture” prior to a live cover, it is anticipated that many
foal-heat mares will be disqualified. If present, the
bacteria and inflammation will usually be elimi-
nated during and/or after the foal heat and a subse-
quent culture should be negative and cytology clean
on the 30-day heat.

The author’s current recommendation is that de-
cisions regarding foal-heat breeding should not be
based solely on endometrial cytology or culture sam-
ples collected early in the post-partum period.

Cervical Function

Speculum examination of the vagina early in the
post-partum period may reveal a reddened or hyper-
emic cervix, and a cloudy discharge. The cervix of a
post-partum mare remains relaxed and open until
after the first ovulation, whether that is on the foal
heat or a subsequent heat.9 Closure of the cervix is
due to an elevation in serum progesterone levels
that occurs after the first post-partum ovulation.52

Lacerations or bruising of the vulva, vestibule,
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vagina, and/or cervix are relatively common in the
post-partum mare and may be a reason to pass on a
foal-heat breeding.33

Ovarian Function

Ovarian follicular development is usually present in
mares during late pregnancy and mares may have
small (10 to 15 mm) to medium-sized (20 to 25 mm)
follicles the day of foaling. Reproductive function
in the post-partum mare follows 1 of 3 general
scenarios:

● Development of a large follicle, with associated
behavioral estrus and uterine edema, and ovu-
lation in the foal-heat period followed by ovu-
lations at normal 21-day intervals;

● A foal-heat ovulation followed by a regression
into anestrus before eventual resumption of
follicular activity;

● Limited to no follicular development in the
post-partum period, with eventual initiation of
follicular activity and ovulation.

Post-partum anestrus is a term used to describe
mares in the latter 2 scenarios. Affected mares
may remain anestrus for weeks or months before
cyclic ovarian activity is initiated. A majority of
mares that experience post-partum anestrus will
resume cycling in the late spring (i.e., April or May
in the Northern Hemisphere). It has been reported
that up to 27% of foaling mares exhibit a delay in
reproductive function in the post-partum period, de-
pendent on the time of year.8 Fortunately, a ma-
jority of mares have a true foal-heat ovulation and
continue to cycle if they are not bred or do not
become pregnant at a foal-heat breeding. One ad-
vantage of breeding mares on their foal heat is that
mares that do become pregnant are not at risk of
post-partum anestrus.51

Potential causes for post-partum anestrus include
ambient photoperiod/season, lactation, and nutri-
tion/body condition. Ambient photoperiod is the
primary culprit responsible for post-partum anestrus
in mares.1 A majority of mares that exhibit post-
partum anestrus are mares that foal out early in the
year, prior to the vernal equinox.10 Post-partum
anestrus is much less common for mares that foal out
after the vernal equinox. Maintaining pregnant
mares due to foal in the winter under a stimulatory
artificial photoperiod for at least the last 2 months of
gestation will decrease the probability of post-partum
anestrus.60–62 The duration of artificial photoperiod
exposure prior to foaling was noted to be inversely
proportional to the percentage of mares that experi-
enced post-partum anestrus.62

Additional consequences of housing pregnant
mares under lights include a decreased duration of
pregnancy observed by some authors,62,63 but not by
others,61,62 a shorter foaling-to-ovulation inter-
val,60,61 and a lower average duration of open days
post foaling.61

Lactation and nursing have a suppressive effect
on reproductive function in some domestic animal
species, most notably cats, pigs, and beef cows.
Once the offspring are weaned in those species,
ovarian function resumes. Lactation is considered
to have a less dramatic effect on reproductive func-
tion in mares. However, anecdotal reports have
suggested that some mares that failed to develop
follicles in the post-partum period or become
anestrus following a foal-heat ovulation exhibit
rapid follicular development and come into estrus as
soon as the foal is weaned. Restrictive suckling
was reported to be associated with an earlier first
ovulation in the post-partum period than control
mares without restrictive suckling.64 However,
short-term foal removal for 24 hours on day 3 to 4
postpartum did not affect the interval from foaling
to first estrus or ovulation.65

Inadequate nutrition and poor body condition in
late gestation and the early post-partum period
may also contribute to poor reproductive perfor-
mance.10,62,66,67 The effects of inadequate nutri-
tion and poor body condition may be manifested in
delayed return to reproductive cyclicity postpartum,
reduced pregnancy rates, and increased embryo loss
rates.

In addition, failure to exhibit behavioral signs of
estrus (i.e., “silent heat”) is more common in the
foal-heat period than in mares that have not re-
cently given birth.10,68 Mares with a young foal at
side are very protective and may not show behav-
ioral estrus to a stallion. A combination of ultra-
sound examinations and “adjusted” teasing
techniques may be needed to monitor reproductive
function in breeding programs that utilize or require
live cover mating. A safe and effective teasing
technique for a mare with a young foal may need to
include manual restraint of both the foal and mare.

4. Maximizing Foal-Heat Breeding Success

Qualifications

In the author’s opinion, post-partum mares “qualify”
for consideration of a foal-heat breeding under the
following conditions:

● Normal foaling (i.e., no dystocia)
● No trauma to the reproductive tract
● No prolonged retained placenta
● No prolonged discharge of uterine fluid (lochia)
● No increased volume or echogenicity of fluid

visible within the uterine lumen on transrectal
ultrasound by day 7 to 10

● Ovulation does not occur prior to day 10 post
foaling

● Mare is not of an advanced age (i.e., not � 15
years old)

Potential Therapeutic Options

Several therapeutic strategies have been used in an
attempt to enhance fertility of mares in the early
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post-partum period. Administration of 150 to 300
mg of progesterone with or without addition of 10 to
20 mg of estradiol-17� to post-partum mares have
been used in an attempt to delay the first ovulation,
enhance uterine involution, synchronize estrus,
and/or enhance pregnancy rates.16,17,69–75 In one
study, administration of progesterone plus estradiol
therapy initiated within 12 hours after foaling and
continued for 6 days delayed the first ovulation of
the year (day 15.6 � 2.6 days vs 10.3 � 2.4 days) and
increased pregnancy rates (58.5% vs 53.0%) over
that of untreated mares.72 The combination of pro-
gesterone and estradiol initiated immediately after
foaling results in suppression of the normal peripar-
turient surge of follicle stimulating hormone and
luteinizing hormone, and subsequently delays the
development of the first follicular wave postpar-
tum.76 Administration of altrenogest (0.044 mg/
kg) orally once per day for 8 days beginning the day
after foaling was reported to delay the first post-
partum ovulation to 18.2 days and increased preg-
nancy rates over that of untreated mares.48

Ecbolic agents have been administered to post-
foaling mares to promote uterine contractions, elim-
inate fluid and debris, and/or decrease the size of the
uterus in an attempt to enhance foal-heat concep-
tion rates.25,77–80 Most studies report that admin-
istration of oxytocin or prostaglandins had no effect
on increasing the rate of uterine involution or in-
creasing pregnancy rate. One study noted an in-
crease in foal-heat pregnancy rate when a synthetic
prostaglandin analogue was administered twice
daily for approximately 10 days beginning on the
day of foaling.77

Lavage of the uterus of the post-partum mare has
also been used in an attempt to enhance the rate of
uterine involution, remove placental debris, re-
duce the degree of inflammation, reduce bacterial
numbers, and/or improve foal-heat pregnancy
rate.6,8,57,58,81,82 However, controlled clinical trials
determined that there is no advantage in performing
a routine uterine lavage on post-partum mares that
had a normal foaling, no retained placenta, or no
prolonged or abnormal lochial discharge.6,57,81,83

A therapeutic uterine lavage may be beneficial in
mares that experience a retained placenta, pro-
longed lochial discharge or presence of an abnormal
volume or adverse character of uterine fluid in the
post-partum period.51

Adherence to the principles of antibiotic steward-
ship dictate that use of antimicrobial agents should
be justified.84 The routine use of antibiotics in the
post-partum mare is controversial and most often
not indicated. As noted previously, many post-
partum mares have a positive growth on microbial
culture and white blood cells are present on uterine
cytology, are not treated with antibiotics, and have
normal fertility. Systemic antibiotics may be indi-
cated in mares with retained placenta, metritis-sep-
ticemia, and/or severe trauma to the reproductive
tract.34 Intrauterine infusion of antibiotics, if used

at all, should follow a uterine lavage to eliminate
inflammatory debris which may otherwise bind and
inactivate the antibiotics. However, there have
been clinical studies that report an increase in post-
partum pregnancy rate following intrauterine infu-
sion of antibiotics along with either infusion of
autologous plasma85 or systemic administration of
oxytocin.86

Management Strategy

One management plan to optimize post-partum con-
ception rates in mares with an uncomplicated foal-
ing is to perform an initial reproductive examination
on the mare 6 to 8 days after foaling. The goal of
this examination is to evaluate the reproductive
tract for trauma associated with foaling, deter-
mine the degree of follicular development, note the
amount of uterine edema and identify the pres-
ence or absence of fluid in the uterine lumen.
A subsequent ultrasound examination is per-
formed on day 9 or 10. Mares that ovulate before
day 10 are not bred, but are administered a dose of
prostaglandins 5 to 6 days after ovulation to lyse
the corpus luteum and bring them back into heat
early. Mares that still have a large follicle 10
days post foaling are bred using standard tech-
niques (live cover or artificial insemination). The
use of an ovulation-inducing agent such as human
chorionic gonadotropin or a gonadotropin-releasing
hormone agonist is discouraged until at least day 9
or 10, since ovulations early in the post-partum pe-
riod are associated with a lower pregnancy rate and
higher embryonic loss rate.

Alternative Breeding Options

If an owner does not want to breed a mare on the foal
heat, but also does not want to wait until the 30-day
heat, an alternative strategy is to administer a dose
of prostaglandins 5 to 6 days after the foal-heat
ovulation to short cycle the mare.22,32,33 This strat-
egy results in higher per cycle and per season con-
ception rates, a lower pregnancy loss rate and
ultimately a higher foaling rate than mares first
bred on the foal heat. However, it does result in a
slightly longer foaling-to-conception interval (34.9
days vs 25.6 days).32

In lieu of multiple ultrasound examinations to
determine the day of the foal-heat ovulation, an
alternative plan would be to administer a dose of
prostaglandins 17 to 20 days after foaling in an
attempt to short cycle the mare, assuming that most
mares will have ovulated by 12 days post foaling.
The obvious risk is not knowing if or when a mare
actually ovulated in the early post-partum period.

5. Summary

Factors that lead to consideration of foal-heat breed-
ing include the long equine gestation length, photo-
period-dependent physiologic breeding season,
limited-duration imposed breeding season, designa-
tion of January 1 as the official birth date of foals
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(North America), and the possibility of a prolonged
post-partum anestrus period. However, not every
mare is a suitable candidate for foal-heat breeding
and each foaling mare should be considered as an
individual. Evaluation of foaling ease and passage
of the placenta, a thorough physical and reproduc-
tive examination performed approximately 6 to 8
days postpartum and monitoring the development
of the dominant follicle prior to and after day 10
will provide critical information for a foal-heat
breeding decision. Adherence to sound reproduc-
tive management guidelines can yield an accept-
able pregnancy rate while minimizing pregnancy
loss. Mares that do not qualify for a foal-heat
breeding may be short cycled by administration of
prostaglandins approximately 5 to 6 days after the
foal-heat ovulation.
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1. Introduction

The objective of this study was to evaluate recum-
bency at hospital admission as a risk factor for the
survival of mares and foals following dystocia
management.

2. Materials and Methods

Retrospective data were obtained from medical re-
cords of mares with dystocia between 1995–2018.
Mare signalment, ambulation status, and survival
data were collected. The proportions of mare and
foal survival were analyzed using the chi-squared
and Fisher’s exact tests, respectively. Odds ratios
were calculated using univariate logistic regression
(Statistix10 Analytical Software).

3. Results

The overall proportion of mares that survived after
dystocia resolution was 90.6% (979/1,079) and of

foals was 37.2% (402/1,079). Ambulatory mares
had an 8-times greater odds of survival (odds ratio
[OR], 8.15; 95% confidence interval [CI]: 4.21–15.78;
P � 0.001) than recumbent mares. Foals delivered
from ambulatory mares had a 12 times greater odds
of survival (OR, 12.22; 95% CI: 2.97–50.34; P �

0.001) than foals delivered from recumbent mares.

4. Discussion

Based on these results, mare and foal survival were
significantly decreased when mares with dystocia
were recumbent at admission. Although specula-
tive, prolonged laboring and attempts to extract the
foal likely contributed to mare exhaustion and neu-
rologic and/or musculoskeletal trauma, resulting in
recumbency. Nonsurvivors rarely stood after deliv-
ery. A prompt resolution and/or early referral of
mares with dystocia may reduce the likelihood of
prolonged recumbency and may improve the sur-
vival of mares and foals.
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A table was generated, based on fetal ultrasonographic measurements in light-breed mares for each

day of gestation beginning with day 90 to provide the predicted value of 4 biometric parame-

ters: fetal aortic diameter, eye approximated volume, biparietal diameter, and femur length. Using

this table, days of gestation were predicted in 23 Quarter Horses within 2 weeks between 100 and 200

days and within 3 weeks thereafter. Authors’ addresses: 1206 Deodara Street, Davis, CA 95618

(Renaudin); 230 Mrak Hall, 1 Shields Avenue, Davis, CA 95616 (Kass); College of Veterinary Medicine,

Route de Gachet, 44307 Nantes, France (Bruyas); e-mail: cdrenaudin@gmail.com. *Corresponding

and presenting author. © 2020 AAEP.

1. Introduction

Fetal age/growth evaluation is routinely done in hu-
mans based on ultrasonographic measurements of
fetal parts that are compared to established tables.
In this study, a table was generated based on fetal
measurements in Quarter Horses (QHs) mainly.
Fetal age prediction accuracy was then assessed
using 23 QH pregnant mares.

2. Materials and Methods

Fetal ultrasonographic measurements (aortic diam-
eter, eye approximated volume [EyV], biparietal
diameter, and femur length) were taken in 10 preg-
nant mares with known breeding dates every 2
weeks starting at 100 days of gestation to establish
a table with each day of gestation and its predicted
value for the 4 biometric variables. Twenty-three
QH pregnant mares with known ovulation dates

unknown to the ultrasonographer were used to as-
sess age prediction accuracy for each variable.

3. Results

Fetal age was predicted within 2 weeks from 100 to
200 days’ gestation using femur length, biparietal
diameter, and EyV and within 3 weeks thereafter
using EyV.

4. Conclusion

The results suggest that fetal age/growth can be
assessed within 3 weeks in QH mares that are more
than 90 days pregnant using the generated table
from light breed horses.
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Multiple inflammatory cytokines are significantly increased in the low-volume uterine lavage fluid of
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1. Introduction

For the equine practitioner, endometritis is frustrat-
ing to diagnose. Endometrial biopsy, the gold stan-
dard, is invasive, not always a diagnostic option for
some owners, and turnaround can be lengthy. The
objective was to investigate equine inflammatory bio-
markers, which the authors hypothesized would be
increased for mares with evidence of endometritis, in
uterine low-volume lavage (LVL) fluid.

2. Materials and Methods

Twenty-nine mares had LVL followed by endome-
trial biopsy. Endometrial cytology was performed
from LVL pellets. Biopsies were graded by a Board-
certified veterinary pathologist. Mares were as-
signed to acute endometritis (n � 3) (cytology �1%

polymorphonuclear leukocytes (PMN)s, no fibrosis),
degenerative endometrial fibrosis (DEF) (n � 9)
(poor endometrial biopsy [IIB/III]), or healthy (n �

17). LVL fluid was utilized in a multiplex bead
assaya to quantify levels of the following biomark-
ers: IFN-�, IL-1�, IL-10, IL-17, sCD14, TNF-�,
chemokine (C-C motif) ligand 2 (CCL2), CCL3,
CCL5, and CCL11. A Kruskal–Wallis with post-
hoc Dunn’s test was performed to compare the levels
of markers between the groups.

3. Results

The following markers were significantly increased
in LVL from mares with acute endometritis and
DEF as compared to healthy mares: IFN-� (P �

.0262), CCL2 (P � .0482), and CCL3 (P � .0299).
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4. Discussion

These three biomarkers are all pro-inflammatory
cytokines, which orchestrate the response of leuko-
cytes to endometrial changes. This study demon-
strates that these pro-inflammatory markers may
serve as potential diagnostic markers for equine
endometritis.
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1. Introduction

Iodine deficiency has been reported in broodmares
and has been associated with congenital hypothy-
roidism dysmaturity syndrome in foals that pres-
ents as abortion, stillbirth, contracted tendons,
tendon rupture, hypothermia, bony dysgenesis,
and goiter.

2. Materials and Methods

Client mares and foals supplied only with mineral
blocks for trace mineral supplementation were stud-
ied. Serum (10 mL) and milk (30 mL) (n � 35) were
obtained from healthy post-foaling mares (n � 50)
ages (3–25 years) and foals (n � 31) ages birth to 35
days, in 2018 to 2019. Iodine was measured by
inductively coupled mass spectrometry and thyroid
hormones using immunoassays.a

3. Results and Discussion

Serum iodine level was low in 79% of mares and
correlated with age (n � 48) (R � �0.41, P � .003),
TT4 (n � 50) (R � 0.06, P � .001), TT3 (n � 50) (R �

0.45, P � .001) and milk iodine (n � 35) (R � 0.42,
P � .0124). Some mares had low basal TT4 12.0%

(6/50), and TT3 6.0% (3/50). Median milk (n � 35)
iodine was 28 �g/L � 2.3 (14.5, 70.5) and classified
as high, 34% (12/35); adequate, 51% (18/35); and
inadequate, 14% (5/35). Foal serum iodine was
higher than mare levels (P � .001), week was cor-
related with iodine (R � �0.37, P � .043), TT4 (R �

�0.69, P � .001), and TT3 (R � �0.69, P � .001).
Mineral supplementation with blocks provided in-
sufficient iodine.
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1. Introduction

October 16 is celebrated as “Ether Day” in recogni-
tion of the first public demonstration of painless
surgery by William Morton on October 16, 1846.
Morton, a dentist, utilized sulfuric ether vapor at
the Massachusetts General Hospital to provide an-
esthesia for the removal of a tumor. The develop-
ment was an international sensation, allowing
previously unbearable surgical procedures to be per-
formed.1 This event heralded a new era where
those performing surgery (generally pathologists)
went from being “barbarians” to “surgeons,” raising
their status in society. Interestingly, this advance
preceded the introduction of the concept of antisep-
tic surgery by Lister and then aseptic surgery by
Halstead, by more than 20 years. The following
year, the use of ether for anesthesia of a horse at the
Royal Veterinary College was reported in the news-
paper, The Times of London, but widespread use
was limited by its lack of potency.2 Chloroform,
another inhalant anesthetic administered using a
mask, was used widely for brief procedures in the
early 1900s but was never considered “safe.”2 At
the time, the practice of anesthesia consisted pri-
marily of local anesthesia, sedation and physical
restraint. As the science behind the practice of
anesthesia grew, attempts to define the goals of

anesthesia led Woodbridge in 1957 to establish
four specific components: sensory blockade, motor
blockade, sleep or mental blockade, and blockade of
undesirable reflex activity.3

The modern era of equine anesthesia and analge-
sia traces from the 1960s when nonsteroidal anti-
inflammatories, alpha2 adrenoceptor agonists, and
inhalant anesthetics became available and were
adopted into equine practice.4-6 In the 60 years
since, over 2400 citations concerning equine anes-
thesia have appeared at PubMed, attesting to the
considerable interest in defining and advancing
the science of equine anesthesia. This interest has
been largely driven by the development of complex
surgical procedures and advanced imaging modali-
ties, many of which require both anesthetic periods
of general anesthesia greater than 60 to 90 minutes
and positioning in recumbencies for which the anat-
omy of the horse was not designed or to which it has
not evolved. It is important to recognize that such
advances in equine surgery and imaging would not
have been possible without the ability of veterinar-
ians to provide an anesthetized state with sufficient
homeostasis to allow for a successful return to a
standing posture in a relatively short time. There
have been numerous notable successes in advancing
equine anesthesia, yet safely anesthetizing system-
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ically healthy horses remains the most challenging
of the common domestic species, with reported mor-
tality rates of approximately 0.1 to 1%.7–9

Horses are physiologically stressed by anesthesia
to a greater degree than other species.10 Typically,
a horse is anesthetized in an unaccustomed place
where it is administered drugs that cause it to lose
consciousness and fall to the ground or floor. Once
recumbent, its mouth may be pried open and a large
bore tube is inserted into the airway for a period of
minutes to hours. In hospital situations, the horse
is often lifted with hobbles by a hoist and positioned
on a table in an unnatural position. Then, the
horse is connected to a machine that delivers anes-
thetic and controls its breathing. Once an intended
procedure is completed, the horse is again lifted by
its limbs and placed in another room (recovery stall)
or space where it is expected to attain a standing
position in a relatively short period of time (less
than 90 minutes) while recovering from the effects of
the drugs that caused it to fall down in the first
place!

2. The Developing Science of Equine Anesthesia

The current practices of equine anesthesia have
evolved by necessity and because of the work of a
large number of dedicated individuals and groups
who have provided veterinary colleagues with infor-
mation. The author has chosen to highlight publi-
cations that have had significant impact on the
development of the practice of equine anesthesia to
its current state. The publications are grouped in
six subject areas and within groups are presented
chronologically in an attempt to provide context.
The publications were selected based on the author’s
experience and his perusal of the veterinary litera-
ture including works on the history of equine anes-
thesia.2,11–13 Scientific articles published after the
highlighted publications are discussed as a method
to transition to today.

Veterinary medicine gained initial prominence in
society in large part because of the importance of the
horse in transportation and for work in agriculture.
Prior to the development of the profession, much of
medical care for horses was left to untrained indi-
viduals. Books such as The Illustrated Horse Doc-
tor,14 published in 1880 by Mayhew were written to
“instruct the novice in such a manner as would
afford a reasonable prospect of success.” Such texts
covered all of the known maladies of the day includ-
ing simple ophthalmia (iridocyclitis?), staggers
(mycotoxin-induced incoordination?), gutta serena
(blindness of unknown origin?), nasal gleet (thick
nasal discharge?), and scald mouth (slobbering or
frothing?). Surgeries were performed with physi-
cal restraint of the horse usually in the absence of
adjuvant drugs. Directions for casting the horse
included: “Let it be hobbled and never, during the
operation, hear any sound but soothing accents.
Animals do not understand words, creatures may
not be able to literally interpret; but they compre-

hend all that the manner conveys.”14 Veterinary
care improved as colleges of veterinary medicine
were established and their influence spread.

3. Early Anesthesia Texts

Sir Frederick Hobday (of the Hobday procedure on
the equine throat), published an important text, An-
aesthesia and Narcosis of Animals and Birds in
1915.15 Hobday was a voice for humane care of
animals and promoted augmenting physical re-
straint with chemical restraint, believing that sur-
gical procedures should be performed as painlessly
as possible. Available “narcotics” included chloral
hydrate given orally or rectally. Intravenous ad-
ministration was discouraged because of “violent ir-
ritation if the fluid finds its way under the skin” and
the potential for air embolus. The use of morphine
was discouraged because it produced excitement.
Practical inhalant anesthesia was limited to chloro-
form by inhaler with surgical durations limited to 15
minutes. Unmedicated horses were hobbled and
cast to the ground prior to application of the inhaler
with the proviso that the hobbles should not be
removed until the animal could rise properly.

Professor John G. Wright of the University of Liv-
erpool published an early book, Veterinary Anaesthe-
sia, in 1941, a text that has been revised and
expanded through 11 editions, the last of which was
presented in 2014.16 The first edition of this book
facilitated the transition from physical restraint to
chemical restraint. The authors noted that ade-
quate restraint was necessary even for quite simple
procedures and stated that casting prior to the ap-
plication of anesthetics may be necessary to ensure
safety. The use of succinylcholine for painful sur-
gery was discouraged but the authors noted that its
use in casting may be no more distressing than
hobbles and might be less risky. Chlorpromazine,
promazine, meperidine, and chloral hydrate were
available for use as premedicants and basal narcot-
ics. Early editions of the book addressed endo-
tracheal intubation and inhalant anesthesia with
chloroform, cyclopropane, and halothane using both
open and closed (circle) systems. Intravenous an-
esthetic techniques included the use of chloral hy-
drate, chloral hydrate with magnesium sulfate,
chloral hydrate with magnesium sulfate and pento-
barbital (Equithesin or “Army Anesthesia”), and
thiopental. Recoveries from anesthesia were ex-
pected to be from 90 minutes to 2 hours in duration.

4. Sedatives and Analgesics

Xylazine was introduced as a new sedative for
horses and cattle by Clarke and Hall in 1969.4

Heart rate and cardiac output decreased and arte-
rial blood pressure increased transiently after drug
administration. The authors noted that xylazine
was a “safe, reliable, short acting sedative” that was
“better than any other compound in current use.”
Interestingly it was stated that “heavier doses
seemed to produce no more profound sedation, but
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the effects became apparent after a shorter time
interval and persisted longer.” Detomidine and
romifidine followed in the 1980’s and 1990’s, respec-
tively.17,18 Equipotent IV doses for the drugs are
reported to be xylazine 1 mg/kg; detomidine 10 mi-
crog/kg; and romifidine 80 microg/kg.18 Romifidine
produces less lowering of the head and less ataxia
than xylazine or detomidine at clinically recom-
mended doses, which may make the degree of seda-
tion produced more difficult to judge.18

Butorphanol was approved for use in the horse in
the 1980s and remains the only opioid agonist with
such a designation.19 Approved as an analgesic
drug for the treatment of abdominal pain, butorpha-
nol’s primary current use is in combination with
alpha2 agonists as an adjunct for standing chemical
restraint. Robertson documented the cardiopulmo-
nary, sedative, and analgesic effects of butorphanol
given 5 minutes after xylazine by making a skin
incision 5 minutes later.19 The combination pro-
duced 15 to 30 minutes of analgesia with minimal
and transient hemodynamic effects and insignifi-
cant respiratory depression. The authors stated,
“The analgesic effects of each drug are additive and
provided good chemical restraint.” Butorphanol
was not a controlled substance when first mar-
keted for use in the horse. That fact, and papers
like this documenting its efficacy led to its wide-
spread adoption.

The analgesic and other effects of butorphanol,
flunixin, levorphanol, morphine, and xylazine were
examined in ponies by Kalpravidh in 1984.20 This
paper used the pony’s response to repeatable stimuli
to examine and quantify the analgesic effects of
drugs. A heat lamp model was used to produce
acute superficial pain and a cecal balloon model was
used to assess acute visceral pain. Analgesia was
assessed by measuring how long it took for the pony
to react to the stimulus. Xylazine produced the
highest pain threshold for 60 minutes with signifi-
cant effects lasting 180 minutes and 240 minutes for
superficial pain and visceral pain, respectively.
Morphine was the next best drug for superficial pain
but produced only slight effects for visceral pain.
Butorphanol was the best drug after xylazine for
visceral pain. Interestingly, flunixin was not shown
to be effective for acute pain in this model, but it is
widely used as an initial treatment in many in-
stances. Modifications of this methodology con-
tinue to be used widely to assess analgesic effects of
drugs. A number of drugs and drug combinations
have been reported including alpha2 adrenergic ago-

nists combined with acepromazine,21 morphine,22,23

ketamine,24 buprenorphine,25 lidocaine,26 meperi-
dine,27 and methadone.27

5. Intravenous Anesthetics and Adjuncts

The skeletal muscle relaxant guaifenesin (then known
as glyceryl guaiacolate ether) was introduced into
equine anesthesia in 1968 by Gertsen and Tillot-
son.28 Guaifenesin was administered rapidly in 5%

solutions alone or in combination with thiamylal or
pentobarbital after sedation with acepromazine and
meperidine. Apnea did not occur at induction and
at least three times the calculated dose was required
to produce death. The authors reported that
guaifenesin produced “excellent results when used
as the sole anesthetic agent in short procedures” and
the technique had a “wide margin of safety and
consistently excellent results.” Although guaifene-
sin remains a component of many intravenous an-
esthetic combinations, its use as a sole agent is
discouraged because of its minimal analgesic effects.

Likely among the most significant reports in the
history of equine anesthesia was published in 1977
by Muir describing the use of xylazine and ketamine
for short-term anesthesia.29 This study investi-
gated the anesthetic and cardiopulmonary effects of
xylazine and ketamine with xylazine given intrave-
nously 5 minutes prior to intravenous ketamine.
Recumbency occurred within 30 to 60 seconds of
ketamine administration and anesthesia lasted ap-
proximately 16 minutes with a mean time to stand-
ing of 26 minutes. The quality of recovery was
excellent with most horses standing on their first
attempt. Hemodynamic variables including car-
diac output and ventilation were well maintained
while arterial oxygenation was decreased. Analge-
sia and muscle relaxation were described as good.
The authors stated, “Xylazine and ketamine appears
to be a safe and practicable anesthetic regimen in the
horse.” This paper provided a safe, humane alterna-
tive to just physical restraint or the administration of
succinylcholine for short-term “recumbent restraint”
for procedures like castration. There have been a
number of modifications of this technique since its
introduction but xylazine or another alpha2 agonist
and ketamine still form the basis of the majority of
equine anesthetic protocols whether the procedures
are conducted in the hospital setting or in the field.
Substitution of detomidine for xylazine produces
similar quality induction of anesthesia but is asso-
ciated with poorer recoveries with ataxia.30,31 Re-
placing xylazine with romifidine is not recommend-
ed unless muscle relaxants, such as guaifenesin or
midazolam, are co-administered.32 The addition of
butorphanol to xylazine does not increase the dura-
tion of anesthesia but the quality of anesthesia is
improved.31

Equine veterinarians needed a method to extend
xylazine and ketamine anesthesia when the surgical
task could not be completed in a 15- to 20-minute
period. The question of how to safely extend the
anesthetic period was answered with the publication
of a paper by Greene in 1986 describing the use of
guaifenesin in combination with ketamine and xyla-
zine (Triple Drip or G-K-X) for total intravenous
anesthesia (TIVA) of 2 hours’ duration.33 Anes-
thetic conditions were good and the ponies stood
without help in 15 to 30 minutes after the infusion
was stopped. This paper provided important infor-
mation about an anesthetic technique that contin-
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ues to be widely used, particularly in out-of-hospital
settings. The addition of a muscle relaxant like
guaifenesin to xylazine-ketamine anesthesia ex-
tended the anesthetic period and provided improved
anesthetic conditions. While guaifenesin is useful
in this setting, its use is cumbersome because dilute
solutions (5% to 10%) are required to avoid hemoly-
sis and vasculitis after IV administration, resulting
in the need to administer a volume of 0.5 to 1 L of
solution to have a significant effect. An alternative
method of providing muscle relaxation was ad-
dressed in a 1990 report from Brock that compared
diazepam to guaifenesin as the anesthetic adjunct.34

This paper described the use of diazepam as a re-
placement for guaifenesin as part of an induction
technique prior to maintenance with halothane.
It followed an earlier paper suggesting that the ad-
dition of diazepam improved xylazine/ketamine an-
esthesia in the field.35 The authors found that a 0.1
mg/kg dose of diazepam was useful and “produces a
quality of anesthetic induction, transition, and re-
covery comparable to guaifenesin.”34 The required
volume of diazepam was smaller (approximately 10
mL or less) but was a controlled substance, requiring
strict documentation of use. Subsequent papers have
investigated the use of midazolam, another benzodiaz-
epine, and have found it to be similarly convenient and
useful.36,37

The proprietary combination of tiletamine and
zolazepam administered after alpha2 adrenergic
agonists produces qualitatively similar anesthesia
to xylazine-diazepam-ketamine and is of longer du-
ration but the quality of recovery is reduced.38

Propofol, a widely used drug in other species, is not
widely used in horses. Initial reports suggested
that propofol, after xylazine, was a satisfactory tech-
nique but subsequent investigations raised concerns
with excitement on induction, significant respira-
tory depression, and hypoxemia.39–41 More re-
cently, the combination of propofol and ketamine
after xylazine sedation has been investigated and
may have some applicability, particularly in-
hospital settings where ventilation can be easily
assisted.42

6. Inhalant Anesthetics and the Pathophysiology of

Anesthesia and Recumbency

Important information concerning the cardiac and
respiratory effects of recumbency in anesthetized
horses were addressed by Gillespie and co-workers
in 1969.43 This paper was accompanied by a paper
by the same authors in the British literature and
documented that anesthetized horses have large dif-
ferences between their alveolar and arterial oxygen
tensions.44 Cardiac output was consistently re-
duced and calculated pulmonary shunt averaged
14% of pulmonary blood flow. Potential causes of
the dysfunction were postulated to be maldistribu-
tion of perfusion due to gravity; hypoventilation of
the down lung; development of atelectasis; and de-
creases in cardiac output. The dysfunction oc-

curred relatively rapidly with the assumption of
recumbency and was not corrected by the delivery of
large tidal volumes. These papers revealed that
recumbency associated with anesthesia produced
significant depression of both cardiovascular and
respiratory function that needed to be counteracted.
These papers introduced a subject and line of inves-
tigation that have dominated the equine anesthesia
literature since their publication.

The recognition that anesthesia, particularly in-
halant anesthesia, causes ventilatory compromise
led to the development of equipment to provide as-
sisted or controlled ventilation. No commercial
company produced equipment capable of delivering
an adequate tidal volume in an appropriate time
frame so investigators developed equipment from
available parts used in human medicine. An early
paper (1975) by Thurmon utilized a Bird Mark IX
respirator powered by an air compressor to compress
a multivolume bellows in order to ventilate anesthe-
tized horses.45 A rebreathing bag was hermetically
sealed in a 12-gallon steel drum (bag in a barrel).
The opening of the rebreathing bag was connected to
a large animal circle anesthesia machine. This pa-
per provided a blueprint for veterinarians to con-
struct ventilators of sufficient capacity to ventilate
an adult horse. The advent of mechanized assisted
ventilation allowed for increased complexity and du-
ration of surgery because manual compression of a
large animal rebreathing bag to assist ventilation
for more than a few minutes is exhausting and thus
impractical.

The equipment required to anesthetize large ani-
mals had to be developed de novo because the tidal
volumes and respiratory velocities inherent in the
respiration of the horse could not be accommodated
by the available equipment.

The dynamics of establishing sufficient percent-
ages of the anesthetic gases to provide anesthesia
were considerably different than those seen in hu-
man patients or small animals. Steffey addressed
these differences with his paper of 1977 titled, “Rate
of Change of Halothane Concentration in a Large
Animal Circle Anesthetic System.”46 This paper
demonstrated how to rapidly develop sufficient con-
centrations of inhalant anesthetics to maintain
anesthesia. Specifically, large-animal anesthetic sys-
tems at maintenance flow rates (3 L/min) require 30
minutes to reach concentrations sufficient to main-
tain anesthesia. Most intravenous induction tech-
niques provide only 20 minutes of anesthesia thus
strategies to more rapidly increase the concentra-
tion of inhalant are required. A suggested strategy
was “to initiate anesthesia with high delivered fresh
gas flow rates (i.e., 8 to 12 l/min) then after 10 to 15
minutes reduce them to low maintenance flows
(about 3 to 6 l/min).” This paper gave veterinarians
a way to safely and rapidly develop concentrations of
inhalant anesthetics that produce anesthetic states.
Largely because of this paper, flowmeters on large-
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animal anesthetic machines have 10 L/min flow
capacity.

The development of specialized anesthetic ma-
chines and ventilators and the increased clinical
availability of arterial blood gas analysis to adjust
ventilatory variables facilitated the completion of
longer, more complex surgical procedures. Al-
though, it was suspected from laboratory studies,
the increased use of arterial blood gas analysis con-
firmed that a small, but significant number of anes-
thetized horses breathing oxygen concentrations in
excess of 90%, particularly those placed in dorsal
recumbency, did not maintain expected levels of ar-
terial oxygenation even when they were ventilated
to produce arterial partial pressure of carbon dioxide
(PaCO2) levels in the normal range. Ideally, horses
breathing oxygen concentrations in excess of 90%
should have arterial partial pressures of oxygen
(PaO2) in excess of 400 mm Hg, but this is infre-
quent. The PaO2 in some cases falls below those
levels seen in standing healthy horses breathing
room air (approximately 90 to 100 mmHg). This
“relative hypoxemia” has been the subject of over 90
scientific publications since the advent of convenient
arterial blood gas analysis in the 1970s. Current
thought is that the majority of the impairment of
oxygenation occurs because of physiologic shunts or
blood flow through the lung that does not pass by
alveoli that are being appropriately ventilated.47

The alveoli that are not being appropriately venti-
lated appear shrunken or atelectic, due to a combi-
nation of compression and absorption of the gases
contained in the alveolar space. One of the early,
more interesting papers on the subject appeared in
1987. Nyman placed small-bore, extended-length
endotracheal tubes into the bronchi leading to the
diaphragmatic lung lobes of adult horses.48 This al-
lowed for selective ventilation of the diaphragmatic
lobes with the application of positive end expiratory
pressure (PEEP). Arterial partial pressures of ox-
ygen increased 3 to 3.5 times with the application
of selective mechanical ventilation with PEEP to
the diaphragmatic lobes alone. These results sug-
gested that the diaphragmatic lung lobes had
collapsed or were occluded prior to selective ventila-
tion. While the technique is impractical for clinical
use, it established that reduced ventilation of the
diaphragmatic lung lobes is a major contributor to
differences between alveolar and arterial oxygen
tension differences.

7. Monitoring and Complications of Anesthesia

Post-operative myopathy, rhabdomyolysis, or tying-
up syndrome is a significant complication of equine
anesthesia but its incidence has been greatly re-
duced based on the evidence found and the recom-
mendations made in a series of papers. The topic
was the subject of a session at the 1978 annual
meeting of the American Association of Equine Prac-
titioners. As part of the session, Klein49 presented
a review of 50 cases of post-operative myopathy in

the horse and discussed intrinsic and management
factors affecting risk. Between 3% and 4% of
horses anesthetized over a 2-year period in the
study had neurologic or muscular deficits (localized
and generalized) following anesthesia. No direct
causes were established although 46% of myopathic
horses had mean arterial blood pressures below 55
mm Hg for 30 minutes or longer and duration of
anesthesia (2.9 hours) was longer than in a compar-
ison group. Cited potential contributors to myop-
athy included difficulties in maintaining anesthesia
including movement, pronounced cardiopulmonary
depression, and increases in body temperature.
This paper supported the growing recognition of
post-anesthetic complications and suggested that
hypotension was a potential contributor.

The significance of arterial hypotension as a factor
in postoperative myopathy was established by a pa-
per from Grandy et al in 1987.50 Six horses were
anesthetized for 3 hours on 2 occasions, once with
mean arterial blood pressures maintained in the
range of 85 to 95 mm Hg (normotensive) and once
with mean arterial blood pressures maintained in
the range of 55 to 65 mm Hg (hypotensive). There
were no significant complications after the normoten-
sive anesthesia but every horse in the hypotensive
group had muscle dysfunction with increases in serum
enzymes indicative of muscle damage. Three of six
animals were euthanized due to their condition. This
study provided dramatic evidence of the association
between arterial hypotension and post-anesthetic my-
opathy. Its conclusions have been confirmed by a
number of subsequent retrospective studies and led to
a number of additional investigations looking at meth-
ods of monitoring and manipulating arterial blood
pressure under anesthesia.

Monitoring arterial blood pressure in anesthe-
tized horses and striving to maintain the mean ar-
terial blood pressure in excess of 60 to 70 mm Hg are
arguably the most important components of safe
anesthetic practice, particularly when inhalant an-
esthetics are employed. A number of methods have
been and are being employed in support of blood
pressure including the administration of large
volumes of isotonic fluids, calcium solutions,
inhalant-sparing anesthetic adjuncts, vasopressors
and drugs used to increase myocardial contractility.
The most consistently useful drug for increasing
arterial blood pressure in the anesthetized horse is
dobutamine. Dobutamine was compared to a sim-
ilar agent, dopamine, in a paper by Swanson et al in
1985.51 Horses were anesthetized in two experi-
mental groups and received dopamine (3, 5, 10 ug/
kg/min, IV) on one occasion and dobutamine (3, 5, 10
ug/kg/min,IV) on another. Both drugs produced
positive inotropic effects at doses that increased con-
tractility without causing tachycardia. This study
demonstrated that dobutamine was more predict-
able than dopamine for support of arterial blood
pressure in horses anesthetized with halothane.
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8. The Recovery Period

A recent publication suggests that the portion of
morbidity and mortality once associated with the
maintenance of anesthesia has been shifted to the
recovery phase, presumably due to better anesthetic
agents and improved monitoring.9 Recovery re-
mains the most problematic part of the anesthetic
period, primarily driven by the horse’s apparent de-
sire to stand soon after regaining consciousness.
A number of strategies have been devised to facili-
tate the safe return to a standing posture, but none
is without complication. The most comprehensive
study of recovery was published by Whitehair et al
in 1993.52 The paper reported an extensive labora-
tory study of horses recovering from inhalant
anesthesia without other drugs. Horses were anes-
thetized on 3 occasions: twice with halothane (1-
and 3-hour duration) and once with isoflurane (3-
hour duration). Horses were placed in a recovery
stall and allowed to recover undisturbed other than
for sample collection. Rate of elimination of the
inhalants was measured and the time to recovery
events (eyelid, ear, head, and limb movement, and
others) were recorded. The importance of this pa-
per is that it provided a context for evaluating the
events that occur during the transitions between the
anesthetized and awake states. Useful signs for
gauging the progress of the recovery included in-
creasing eyelid and eyeball movement, ear move-
ment, swallowing, lifting of the head, and limb
movement. This information allows personnel as-
sisting recovery from anesthesia to better determine
when a horse is ready to stand. Further, the study
provided basic information for the development of
subsequent research on methods to modify the re-
covery period.53

9. Morbidity and Mortality

Equine anesthesia is more perilous than anesthesia
of the other domestic species as previously noted.
A landmark series of papers on morbidity and mor-
tality was published by Johnston, beginning in 1995
with a preliminary report.54 This paper estab-
lished mortality rates for anesthesia in the horse.
The authors collected and analyzed data on 41,824
anesthetic episodes from 129 surgical centers. The
overall death rate within 7 days of anesthesia was
1.9%. Death rate of non-colic patients was 0.9%.
Cardiovascular arrest or collapse during anesthesia
and fractures or myopathies in recovery accounted
for 33% and 32% of deaths, respectively, with the
remainder due to various causes. Horses anesthe-
tized for fracture repair, horses anesthetized outside
of normal working hours, and foals less than 1
month of age were at increased risk. Risk in-
creased with age with horses older than 14 years.
Lack of any preanesthetic sedation increased risk
and acepromazine administered as a single drug
(not in combination) reduced risk. Inhalant anes-
thesia without premedication was at higher risk and
TIVA of shorter duration was at less risk. By com-

parison, the mortality rate in humans was cited as 1
in 10,000. Others have examined the issue and
reported rates between 0.08 and 1.8% depending on
the design of the study.7,9 As previously noted, a
recent paper from 2015, reported on mortality rates,
suggesting that the incidence has not changed in 20
years.7,9

10. The Stress of Anesthesia

Stress is a significant component of equine anesthe-
sia. The most comprehensive examination of this
phenomena was conducted by Taylor10 and pub-
lished in a series of articles highlighted by the 1989
publication, “The Equine Stress Response to Anaes-
thesia.” In a series of accompanying papers, 6 po-
nies were anesthetized at least 12 times using a
variety of anesthetic drugs, techniques, and inter-
ventions (ventilation, cardiovascular support). In-
dices of stress (serum cortisol, catecholamines,
insulin, glucose) were measured prior to and for 24
hours after each anesthetic episode. Ponies anes-
thetized with sodium thiopental alone and with
TIVA showed little to no evidence of stress. All
other anesthetic techniques were stressful. Nor-
malization of ventilation and arterial blood pres-
sures did not reduce stress. This series of papers
established that anesthesia (without surgery) is a
stress for equines. Subsequent papers have largely
confirmed these findings with the suggestion that
TIVA is less stressful than inhalant anesthesia or
suppresses the stress response.55 The validity of
this suggestion is unproven, largely because most
procedures completed using TIVA are of shorter du-
ration, making parallel comparisons difficult.

11. The Things We Know We Know: The Current

Practice of Equine Anesthesia

The advances that have been made in the period of
“modern” anesthesia have dramatically improved
the ability of veterinarians to provide care to equine
patients. Many of these advances are the result
of the development of molecular biology and molec-
ular pharmacology which fostered the discovery of
the mechanism of action of many anesthetic
drugs and paved the way for the formulation of new
drugs. The use of drugs in the horse has generally
followed their use in humans and other animals but
occasionally developed simultaneously (ketamine)
or predated use in humans (alpha2 agonists).11

For example, when xylazine was first marketed for
sedation of the horse, the fact that the majority of
the drug’s effects were produced via stimulation of
alpha2 receptors was not known because the exis-
tence of alpha2 receptors was unknown until Langer
discovered them in 1974. This knowledge facili-
tated the development of detomidine, romifidine,
and dexmedetomidine, and the antagonist, atipam-
ezole. In addition, the development and commer-
cialization of anesthetic equipment specifically
designed for large animals, cost-effective catheters
for IV and intra-arterial use, and clinically useful
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monitoring equipment including electrocardiograms
and blood gas analyzers have brought dramatic im-
provements to current practices.

The current practice of equine anesthesia is fur-
ther shaped by a number of factors including the
collective experiences of equine veterinarians, the
scientific literature addressing issues pertinent to
anesthesia of the horse, legal considerations, the
availability or lack thereof of some anesthetic med-
ications, and the economics of equine practice and
the horse industry. Most equine veterinarians uti-
lize standing chemical restraint daily with alpha2

adrenergic agonists, alone or in combination, being
the predominant first choice.56 Most equine veter-
inarians performing short- or long-term anesthesia
administer an alpha2 adrenergic agonist, utilize
ketamine alone or in combination with a muscle
relaxant for induction of anesthesia and maintain
anesthesia with a guaifenesin recipe (52%) or an
inhalant (47%).56 Despite these apparent common-
alities with regard to the methods used, anesthesia
of the horse remains perilous. So what do we do?
Do we accept that somewhere between 1 in 100 and
1 in 1000 normal horses will die when anesthetized?
Do we avoid anesthetizing horses in favor of stand-
ing procedures? Or, do we provide support for in-
vestigators to employ focused research to examine
and improve our current “best” practices or perhaps,
discover other pathways to make equine anesthesia
safer?

We know we know these things about anesthesia
for elective procedures in healthy horses:

1. Anesthesia is stressful for horses.
2. Horses will attempt to rise to a standing

procedure as soon as they are conscious.
3. Horses that cannot stand 2 hours after anes-

thesia are unlikely to survive.
4. Shorter anesthetics (� 60 minutes) are safer,

longer anesthetics (� 3 hours) have greater
risk.

5. The very young and the old (sedentary) are at
greater risk.

6. Horses should be sedated before they are
anesthetized.

7. Mean arterial blood pressures less than 60
mm Hg for significant durations in anesthe-
tized horses are associated with increased
complications, primarily rhabdomyolysis and
neuropraxia.

8. Some level of cardiovascular function, venti-
lation, and oxygenation is necessary.

9. Standing chemical restraint is safer than
general anesthesia.

10. Lateral recumbency is “more physiologic”
than dorsal recumbency.

Based on these “knowns” and other factors, groups
including the American College of Veterinary Anes-
thesia and Analgesia formulated guidelines to pro-
vide direction on appropriate techniques.57,58 The

guidelines recommend a thorough preoperative as-
sessment, limiting TIVA to 60 minutes, and moni-
toring arterial blood pressure if inhalants are used.
Injectable adjuncts such as opioids or ketamine and
local anesthetics may be indicated to improve the
quality of anesthesia. Recommendations for recov-
ery include continuous observation and the use of
sedatives to aid in the transition to standing. It is
not known how widely the American College of Vet-
erinary Anesthesia and Analgesia guidelines are
used, or if it would make a difference if they were
universally employed.59

12. Standing Chemical Restraint in the 21st Century

Some 30 years ago, the author penned an editorial
titled, “The Search for the Ultimate Equine Seda-
tive: Are We ‘Waiting for Godot.”60 We are still
waiting. In the place of the ultimate equine
sedative, veterinarians prefer to use drugs in com-
bination. Satisfactory standing chemical restraint
can be produced in most adult horses for extended
periods of time with alpha2 agonists in combination
with opioids or opioid-like drugs being the primary
method used.61 Longer duration standing chemical
restraint in combination with appropriate local and
regional anesthesia allows more extensive proce-
dures to be performed. Local and regional anes-
thetic techniques with longer acting local anesthetic
drugs will allow more complex procedures such as
dental extractions, sinus exploratory procedures, la-
ryngeal tie-backs, and fracture fixation to be per-
formed in the standing horse, if desired. Additional
progress will include the development of additional
alpha2 adrenergic antagonists to the currently avail-
able tolazoline, yohimbine, and atipamezole. The
current drugs enjoy some popularity but have sig-
nificant side effects and durations of action that may
be shorter than the sedatives themselves.62,63 The
new agents should have a longer duration of action
and fewer deleterious side effects.64

13. TIVA in the 21st Century

The combination of guaifenesin, ketamine, and xy-
lazine remains a mainstay of TIVA in the horse.33

This popularity continues despite the lack of a
commercial pharmaceutical source for guaifenesin
solution, the volume of solution required, and the
difficulties keeping guaifenesin in solution.65 The
combination is used in field conditions because it
produces minimal cardiovascular depression and
moderate hypoventilation but in the absence of a
frank overdose, rarely apnea.33,66 Perhaps, a phar-
maceutical firm will decide to market guaifenesin.
More likely, guaifenesin will be replaced by one of
the benzodiazepines (likely midazolam). Midazo-
lam has been investigated as a replacement for
guaifenesin and appears to be a useful alterna-
tive.37,67,68 Other reported techniques include re-
peated boluses of a variety of induction drugs and
propofol-ketamine combinations.69,70,71 Recom-
mendations for TIVA with any drug combination
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include limiting duration of anesthesia to 1 hour
unless oxygen can be supplemented and ventilation
can be provided, if necessary. If propofol is more
widely adopted, a method for the support of ventila-
tion will be required, particularly in out-of-hospital
environments.

14. Inhalant Anesthesia in the 21st Century

Significant changes have occurred in the 50 years
since the introduction of halothane and closed inhal-
ant anesthetic systems.6,11–13 Halothane has been
replaced by the halogenated ethers isoflurane, sevo-
flurane, and desflurane.72,73,74 The development of
more sophisticated surgical procedures requiring
longer durations of anesthesia have resulted in the
consistent use of mechanical ventilation, an in-
creased level of monitoring, a variety of strategies to
support cardiovascular function, and modifications
in the methods used in recovery.

Mechanical ventilation is used to restore normo-
capnea and provide consistent delivery of the inhal-
ants but standard mechanical ventilation strategies
may not restore “normal” arterial oxygen tensions in
horses with suboptimal tensions.43,44,47 This has
led to the development of a number of strategies for
increasing arterial oxygen tensions that are not con-
sistently effective or only effective for short time
periods.47 A continuing question is, what should
the target level of PaO2 be?47 The question is posed
because most techniques of mechanical ventilation
used to increase PaO2 do so at the expense of blood
flow and arterial blood pressure. Further, studies
assessing the effects of less than ideal PaO2 tensions
in anesthetized horses have not shown increased
morbidity/mortality.75 A recent paper by Hopster
et al76 suggests that intestinal oxygenation and per-
fusion may not be significantly compromised until
arterial oxygen saturations fall below 80% and mean
arterial blood pressures fall below 51 mm Hg, re-
spectively. If a PaO2 greater than 60 mm Hg is
associated with 80% saturation of hemoglobin, how
hard should we work to increase PaO2 above 60
mmHg? The author would argue that the mainte-
nance of sufficient arterial blood pressure and car-
diac output to deliver oxygen to the tissues is of
greater importance than employing methods to in-
crease PaO2 greater than 70 mm Hg.

Monitoring recommendations include the use of
direct monitoring of arterial blood pressures in all
horses anesthetized with inhalants.58 Strategies to
counteract hypotension include the use of inotropes
such as dobutamine and the co-administration of
anesthetic adjuncts (partial intravenous anesthesia)
to allow a reduction in inhalant concentrations.77–79

The currently used halogenated ethers are less
soluble in blood than halothane so recovery from
anesthesia occurs more rapidly.52,72–74 This has
led to the development of equipment, methods,
and protocols designed to produce safe recovery
from anesthesia.

15. Recovery from Anesthesia in the 21st Century

Reports on morbidity and mortality rates indicate
considerable variation with some reports suggesting
that mortality rates remain at 1% and others point-
ing to lower rates.7–9 A recent publication reported
no intraoperative deaths (approximately 30% of
deaths in previous reports) and a shift to fractures in
recovery as the primary source of mortality.9 A
number of recovery strategies have been developed
including the use of head and tail ropes, inflatable
pads, swimming pools, slings and drugs, both seda-
tives and anesthetics.80–85 Clearly improvements
are still required. Potential solutions are compli-
cated by the difficulty in determining which horses
will have problems in recovery. Many of the inves-
tigated strategies are labor, time, and equipment/
facility intensive and none eliminate the potential
for complications. To which cases can they or
should they be applied? The author’s best guess is
that some combination of sedation followed by phar-
macologic reversal and physical assistance will pro-
vide the most practical method of enhancing safety
until some, yet-unknown method or technique, is
manifest.

16. Anesthesia of the Neonate and the Young Horse in

the 21st Century

Horses are more mature at birth than are most of
the domestic species and come in varying sizes and
temperaments. Approaches to handling foals are
frequently influenced by the husbandry practices of
the caretakers, the breed, degree of prior human
interaction, and other learned behaviors.86–88 The
age, attitude, and behavior of the foal should be
assessed prior to the administration of any sedative
or analgesic medication with sick foals requiring
minimal sedation to accomplish tasks such as cath-
eter placement. Foals requiring sedation and/or
anesthesia because of temperament or the need
for more extensive procedures should receive a
complete physical examination prior to drug
administration.

The cardiovascular system of the neonatal horse
has less reserve than that of the adult, making the
foal more dependent on heart rate to maintain car-
diac output.89 Foals have a larger surface-to-body
weight ratio than adult horses and higher total
body water, higher extracellular fluid volume, lower
body fat, lower total protein, and a larger volume of
distribution for some drugs.90,91 Foals breathe at
higher rates than adult horses and have a higher
minute ventilatory volumes based on weight.92

In addition, foals are insensitive to changes in oxy-
gen and carbon dioxide tension, thus they hypoven-
tilate under anesthesia. Hepatic oxidative capacity
for drugs is lower in 4-day-old foals than in older
animals but it appears to increase rapidly, reaching
adult levels at 3 to 4 weeks of age. Protein binding
appears to be less in the foal than in the adult horse
which could mean that drugs that are highly protein
bound would be more active. Withholding of food in
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the foal is not necessary and may be detrimental due
to lower glycogen stores.

Neonates are generally easy to restrain. Typi-
cally, foals can be placed into lateral recumbency
using physical restraint or by using the “squeezing”
method.93 Young foals requiring sedation for pro-
cedures, such as catheter placement, respond well to
the administration of butorphanol in combination
with a benzodiazepine (diazepam or midazolam).94

The sedative response to benzodiazepines seems to
be significantly greater in foals compared to adult
horses and the combination produces less cardiopul-
monary depression than alpha2 agonists. If this is
not sufficient, small doses of xylazine or detomidine
are administered IM. Intramuscular administration
reduces the negative cardiopulmonary side effects
(bradycardia, respiratory depression) associated with
alpha2 administration and increases the duration of
action. Sedation combined with restraint and local
anesthesia (as necessary) is usually sufficient for
repair of simple lacerations or application of splints.

Short-term anesthesia in the field is performed
with the IV administration of ketamine in combina-
tion with diazepam or midazolam. The combina-
tion (given after sedation) provides approximately
15 to 20 minutes of anesthesia. Longer durations
can be accomplished with a combination of guaife-
nesin, ketamine, and xylazine. If more extensive
surgical procedures are planned, inhalation anes-
thesia should be employed. Foals less than 100 to
150 kg can be anesthetized with machines typically
used for small animals. Retrospective studies sug-
gest that the incidence of mortality is reduced in
foals when adjuvant drugs such as xylazine and
ketamine are used in combination with inhalants.8

Serum glucose concentrations should be monitored
and glucose containing fluids used in the very young
foal under general anesthesia. Thermoregulation
is impaired so it is important to monitor body tem-
perature and warm the foal, if necessary, postoper-
atively. The differences between foals and adult
horses that affect anesthesia are, for the most part,
resolved by 3 to 4 months of age.

17. Pain Management in the 21st Century

A recent review of pain control in horses begins with
the sentence, “Currently, approaches to pain control
in horses lack a robust evidence base” and notes that
pain control is both an art and a science.95 With
the increasing life expectancy of the horse, it is for-
tunate that nonsteroidal anti-inflammatory drugs pro-
vide relatively consistent, low-cost pain relief for
many arthritic conditions, allowing many aging
horses to live apparently comfortable lives. Where
efforts are inadequate is in the control of pain not
alleviated by nonsteroidal anti-inflammatory drug
administration that persists beyond a 24-to-48-hour
period. This inadequacy is particularly apparent
in horses with severe laminitis.96 A variety of
strategies are currently employed including the ad-
ministration of alpha2 adrenergic agonists, opioids,

lidocaine, and ketamine, alone or in combination.86

Two oral drugs, gabapentin and tramadol, show
some evidence of efficacy in largely anecdotal re-
ports.97–99 Soluble epoxide hydrolase inhibitors cur-
rently being investigated may provide a novel method
of anti-inflammatory activity through their inhibition
of cytochrome P450 pathways.100

Pain management in the horse as in other species
requires at least 3 components: recognition that
the pain exists; a desire to provide relief from the
pain; and the ability to provide relief. Deficiencies
or controversies exist in each area. The develop-
ment of pain scoring systems has provided methods
for systematic assessment of pain and has served to
raise consciousness, but their principles are not used
widely.101 The author knows of no veterinarian
who would not want to relieve a horse’s pain, but
recent surveys indicate that there is considerable
variability within the profession with regard to what
procedures or conditions are thought to produce a
level of pain that requires treatment or the level of
treatment that should be provided.102 Finally, new
methods and medications must be developed or
adapted to optimize comfort for our equine patients.

18. Managing Equine Stress in the 21st Century

The role that stress plays in the complications asso-
ciated with equine anesthesia deserves increased
attention as we try to improve outcomes. Anesthe-
sia stresses horses more than it does other domestic
animals and the consequences of stress go beyond
just behavioral issues extending to decreases in im-
mune function and other effects.103 Known poten-
tial stressors that may be associated with surgery
and anesthesia might include transportation to a
new facility, separation from a pasture mate, or
withholding of food. Stressors associated with
anesthesia itself might include restraint, hypercar-
bia, hypoxemia, hypotension, and pain. Transpor-
tation, fasting, and anesthesia all significantly
altered intestinal microflora in horses.104 With-
holding of food prior to anesthesia for periods of up to
24 hours was once widely recommended but the prac-
tice is seemingly less prevalent. Recent work sug-
gests that the incidence of post-operative colic may be
increased when food is withheld, potentially due to
better maintenance of gastrointestinal motility in fed
horses.105

Individual horses have variable responses to a
variety of stimuli. Current anesthetic practices
and techniques do not consistently reduce the stress
related to anesthesia. There is an interesting, rel-
atively new, body of work in the area of horse per-
sonalities including information about differences
due to breed, use, husbandry, genetic variation,
and receptor populations. Many equine veterinar-
ians have developed different dosing regimens for
different breeds or types of horses based on their
experiences and anecdotal reports. For example,
the author believes that draft horse breeds and
American Saddlebreds require smaller doses of
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alpha2 agonists (mg/kg basis) to produce useful se-
dation compared to mustangs, Arabian horses, and
Appaloosas. Minimal hard data are available to
directly support such beliefs. Lloyd et al106 looked
at the personalities of 8 different breeds in the
United Kingdom, finding that Thoroughbreds, Ara-
bian horses, cobs, and Welsh ponies were signifi-
cantly more anxious and excitable than the other
breeds assessed. More recently, Sackman and
Houpt107 assessed 16 behavioral traits in over 850
American horses via a survey of their own-
ers. They determined that Arabians, Thorough-
breds, and Walking Horses were the most nervous
and American Quarter Horses, Paints, Appaloosas,
and drafts were the least nervous breeds. Another
interesting paper from Sweden analyzing the ge-
nome of Swedish warmblood horses identified long
areas of homozygosity shared by 85% of the warm-
bloods, suggesting that such “signatures” could be
responsible for behavior, physical abilities, and fer-
tility.108 With regard to specific drug classes, Wet-
more found differences in locomotor responses to
fentanyl between horses with and without polymor-
phism of the mu opioid receptor, which may help
explain the previously reported differences in re-
sponse to similar drugs.109,110 Others have com-
pared the opioid and alpha2 receptor populations of
horse brains to other species and found differences
in the distribution of receptors, perhaps accounting
for the variability in efficacy and side effects of opi-
oids across the horse, dog, guinea pig, and rat.111,112

As work on the analysis of the horse genome con-
tinues, perhaps scientists will discover additional
information to help development of new receptor-
specific agents or specific techniques to modify be-
havior and reduce perianesthetic stress in equine
patients.

A better method of assessing the stress level of
patients prior to anesthesia with the goal of mini-
mizing stress throughout the perioperative period is
needed. Historically, physiologic measures such as
heart rate, heart rate variability, and blood or sali-
vary cortisol levels have been used to measure
stress.113,114 Other potential indices include
height of head carriage, orientation of the ears, fre-
quency of vocal behavior, and mouth movements.115

Each of these methods have limitations. Recently,
an interesting paper suggested that assessing eye
blink rates and eyelid twitches may be useful as a
noninvasive way to predict a horse’s response to
stress. The investigators utilized feed restriction,
separation from paddock mates, and a startle test to
induce stress while recording eye movements, not-
ing that eyelid blinks decreased and eyelid twitches
increased as stress levels increased.116 Perhaps
moving forward, there will be better methods to
assess stress and when possible, adjust anesthetic
times and methods to minimize its effects on
outcomes.

19. Moving Forward: Aspirational Goals for Equine

Anesthesia

The author has attempted to describe and provide
evidence for the “known knowns” of equine anesthe-
sia.117 As previously stated, the current practices
of equine anesthesia have evolved by necessity and
because of the work of a large number of dedicated
individuals and groups who have provided veteri-
nary colleagues with information. Many, but not
all of these individuals are included in the refer-
ences cited in this report. Much gratitude for the
information that has fostered clinical progress is
owed to them. What are left are the “known un-
knowns” and “unknown unknowns” (things we don’t
know we don’t know).117 Today, if we effectively
manage the list of “known knowns” of equine anes-
thesia, we position a horse in a recovery stall with
sufficient faculties to regain consciousness and at-
tain a standing position in a reasonable amount of
time. Currently, that results in a mortality rate of
somewhere between 0.1% and 1% for “physiologi-
cally normal” horses. We need to do better.

“Known unknowns” include lack of knowledge on
how best to facilitate the patients’ smooth, uncom-
plicated return to a conscious standing posture in a
repeatable, practical, and widely applicable manner.
As referenced above, a number of methodologies
have been proposed and reported but few are uni-
versally and practically applicable. Most of the ev-
idence currently available is from clinical studies,
both retrospective and prospective, that compare
currently available methods to determine which
method should be “preferred.” The problem is that
“preferred” is not good enough. What is needed is
an organized, focused, scientific approach to exam-
ining equine behavior in the recovery stall with the
goal of modifying the transition from the induced
recumbent “sleep” of anesthesia to an awake, stand-
ing horse. Such an approach will require a core
group of individuals from a variety of disciplines
(anesthesiologists, surgeons, behaviorists, etc.) with
the interest, resources, and time not only to inves-
tigate the “known unknowns” but also to discover
and solve the “unknown unknowns.” Success in
this regard requires financial support to both facili-
tate the work of creating new knowledge in equine
anesthesia and to inspire both present and succeed-
ing generations of veterinarians to take on the pres-
ent challenges. Both actions, in turn, will
meaningfully improve health care delivery to equine
patients.
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Loan Repayment—Programs and Strategies for

Equine Vets

Martha Mallicote, DVM, MBA, DACVIM

The impact of the current DVM student loan burden on the veterinary profession, and most particularly
the equine veterinary profession, cannot be overstated. An important part of the solution to this
challenge is a clear understanding of loan repayment strategies that are realistic solutions for recent
graduates. This presentation will review the programs and strategies for student loans to assist grad-
uates in planning their approach to this financial challenge. Author’s address: College of Veterinary
Medicine, University of Florida, Gainesville, FL 32610; e-mail: mfmallicote@gmail.com. © 2020
AAEP.

1. Terminology

Principal—The total sum of money borrowed plus
any interest that has been capitalized.

Interest—A loan expense charged for the use of
borrowed money. Interest is paid by a borrower to
a lender. The expense is calculated as a percentage
of the unpaid principal amount of the loan.

Interest rate—The numerical percentage at which
interest is calculated on a loan(s).

Unsubsidized loan—Interest on unsubsidized
loans accrues from the date of disbursement and
continues throughout the life of the loan. These
loans are available to graduate students with no
financial need required and the school determines
the amount available to borrow based on cost of
attendance (subsidized loans are only for under-
grads—the Department of Education pays interest
on direct subsidized loans while in school).

Capitalization—The addition of unpaid interest to
the principal balance of a loan. This increases the
outstanding principal amount due on the loan.
Interest is then charged on that higher principal

balance, increasing the overall cost of the loan and
the monthly payment amount.

2. Introduction—The Basics of Getting Organized

In order to identify the best plan for student loan
repayment, one must first assess the details of what
they will be managing—from both a debt and income
perspective.

First, get the details about the loans: what type
of loans were issued and how much money is owed?
Who is the loan servicer? Will there be a grace
period following graduation?

For federal loans, this information can be found
through nslds.ed.gov. For any private loans (these
are much less common), check the borrower’s credit
report to confirm all private loans and identify the
lender. Grace periods of 6 months (9 months on
Perkins loans and 12 months on Health Professions
loans) will be in effect after graduation—ensure
that the borrower is still eligible on all loans and did
not use up this grace period after the completion
of undergraduate training. A grace period is only
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available ONCE to any given borrower, even for new
loans that are issued in a graduate program.

Then, regarding income: what kind of payment
will be affordable after graduation? What is the
Adjusted Gross Income for the first 6 months of
repayment and then likely Adjusted Gross Income
for the next year? Can automatic electronic debit
be set up?

Finally, regarding repayment strategy: Is con-
solidation or refinancing right? What repayment
strategy will combine realistic amounts and least
total amount paid out for the loan?

Use a repayment calculator to assess WHICH
plan will be best for each individual situation!
Data used in the Free Application for Federal Stu-
dent Aid required of all borrowers can be plugged
right into the calculators. Start this analysis right
after graduation and ensure alternate payment plan
applications are filed no later than 2 months before
the end of the grace period to allow time for accep-
tance. It is incredibly important to consider each
individual scenario in determining the ideal repay-
ment strategy—factors such as individual and
spouse income, children, career goals (pursuit of spe-
cialty training versus entering practice), household
expenses and personal feelings about carrying debt
all influence the selection of debt repayment
strategy.

After getting the repayment plan in place, set up
automatic direct debit for payments in advance and
get an interest rate discount of 0.25%. Be ready to
start paying the loan back on time—a quarter to a
third of borrowers are LATE on the very first
payment.

3. Solution—Details and Repayment Strategies

DVM Student Loans

Federal student loans that are currently being is-
sued are Direct Loans—the US Department of Edu-
cation is the lender. Loans issued prior to July 1,
2010 are likely Federal Family Education (FFEL)
Loans, which were either federally issued/held or
commercially held loans with federal guarantees.

Primary vet student loan types are listed below:

● Unsubsidized Stafford Loan (currently at
6.08% interest prior to July 2020 reset).

● Plus Loan (unsubsidized, currently at 7.08%
interest prior to July 2020 reset).

● Health Professions Loan—subsidized, 5%
interest.

● Perkins Loan—subsidized, 5% interest.

Loan Consolidation

It may be necessary to consolidate for eligibility for
some repayment programs. For example, FFEL
loans (prior type of loans) aren’t eligible for the Pay
as You Earn (PAYE) program, but a consolidation
loan IS eligible. Borrowers are eligible to consoli-
date at graduation, departure from school, or below

half-time enrollment. It is important to discuss the
advantages/disadvantages of consolidation with the
loan servicer—some benefits may be lost with con-
solidation. There is no interest rate benefit, but the
borrower may be able to secure lower cost payments
with an income-driven repayment scheme by consol-
idating and waiving the grace period to immediately
enter repayment. Consolidation will also likely
give the borrower less to keep up with in terms of
loans and paperwork.

Loans MUST be in repayment or grace period to
start the consolidation process. There is no appli-
cation fee for consolidation, so avoid and beware of
private companies that offer to do that at a cost to
the borrower.

Most federal student loans, including the follow-
ing, are eligible for consolidation: Direct Subsi-
dized Loans, Direct Unsubsidized Loans, Subsidized
Federal Stafford Loans, Unsubsidized Federal Staf-
ford Loans, Direct PLUS Loans, PLUS loans from
the FFEL Program, Supplemental Loans for Stu-
dents, Federal Perkins Loans, Federal Nursing
Loans, Health Education Assistance Loans and
some existing consolidation loans. Private educa-
tion loans are not eligible for consolidation. If in
default, certain requirements must be met before
consolidating loans.

Loan Refinancing

Refinancing is different from consolidation of loans—
some private lenders will offer refinancing at interest
rates that seem appealing (lower than rates paid for
student loans). Be aware that the rules protecting
student loan borrowers (allowing changes in payments
tied to borrower income and access to repayment
schemes based on type of employment) will not apply
to these private loans. This is best used if the bor-
rower intends to pay off the loan before it is due and is
comfortable with the maximum potential monthly
payment (more commonly with smaller loans and ag-
gressive repayment plans).

Repayment Plans

The most common repayment plans are as follows:

Standard/Fixed Plans

Standard Repayment. Under this plan the bor-
rower pays a fixed monthly amount for a loan term
of up to 10 years. Depending on the amount of the
loan, the loan term may be shorter than 10 years.

Extended Repayment. This plan is like stan-
dard repayment, but allows a loan term of 12 to 30
years, depending on the total amount borrowed.
Stretching out the payments over a longer term
reduces the size of each payment, but increases the
total amount repaid over the lifetime of the loan.

Graduated Repayment. Unlike the standard
and extended repayment plans, this plan starts off
with lower payments, which gradually increase ev-
ery 2 years. The loan term is 12 to 30 years, de-
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pending on the total amount borrowed. The
monthly payment can be no less than 50% and no
more than 150% of the monthly payment under the
standard repayment plan. The monthly payment
must be at least the interest that accrues.

Income-Driven Repayment Plans

PAYE. Payments under the PAYE plan are based
on the borrower’s income and the total amount of
debt. Monthly payments are adjusted each year as
the borrower’s income changes and monthly pay-
ments will be 10% of discretionary income, but never
more than would be paid under the 10-year Stan-
dard Repayment Plan. PAYE is for a loan term of
20 years. Initial loans can be issued no earlier than
2007 and disbursements must have been received
after October 2011.

Revised Pay as You Earn (REPAYE) is similar to
PAYE. If married, both the borrower and their
spouse’s income or loan debt will be considered when
calculating the payment amount, whether taxes
are filed jointly or separately (with limited
exceptions)—in PAYE this does not occur. Re-
payment will likely continue into 25 years, due to
graduate loans being included.

Income-Based Repayment is similar to PAYE and
REPAYE, but caps the monthly payments at 10% to
15% of discretionary income. Repayment is over a
term of 20 to 25 years, depending on the types of
loans held.

Income-Contingent Repayment is also similar to
those above but monthly payment will be the lesser
of 20% of discretionary income, or the amount one
would pay on a repayment plan with a fixed pay-
ment over 12 years. The loan term is up to 25
years. Income-Contingent Repayment is available
only for Direct-Loan borrowers.

**It is important to note that income tax is
due on any amount that is forgiven for the
standard income-driven repayment schemes.
This tax is based on the fact that the forgiven
amount is reported as income in the year it is for-
given—the entire tax bill will be due THAT year.

An excellent chart comparing these options and
their terms can be found at https://studentaid.ed.
gov/sa/repay-loans/understand/plans. Ultimately,
the choice of which repayment strategy to take de-
pends on factors including individual and household
income, children, career trajectory, and household
expenses. Personal feelings about carrying debt
also cannot be ignored—for some individuals, the
concept of carrying a large loan that will not be paid
off by the borrower (as with income-based repay-
ment schemes) is not acceptable. The use of repay-
ment calculators can help determine which is the
best overall financial approach, while also taking
into account the individual factors above.

For standard borrowers who are recent or current
DVM graduates, PAYE is typically the best income-
driven repayment choice—but everyone’s variables
are different and individual assessment is impor-

tant. For borrowers who determine that they will
repay their entire loan (NOT use income-driven re-
payment with loan forgiveness), aggressive repay-
ment to minimize interest charges will decrease the
total financial burden. For borrowers who utilize
income-driven repayment and forgiveness, paying
the least amount of money into the loan will maxi-
mize the financial benefit.

Loan Forgiveness

Public Service Loan Forgiveness (PSLF) Program
forgives the remaining balance on Direct Loans after
120 qualifying monthly payments under a qualify-
ing repayment plan while working full time for a
qualifying employer. Private loans are not eligible
for forgiveness with this program. Qualifying em-
ployers include government organizations at any
level (federal, state, local, or tribal), Not-for-Profit
organizations that are tax-exempt [501(c)(3)], and
other types of not-for-profit organizations that pro-
vide certain types of qualifying public services.
The PSLF has gotten substantial bad press over the
last 2 years as some borrowers have reached their
point of loan forgiveness. Unfortunately, many of
the first borrowers to enter PSLF were misinformed
about qualifying loans and payments—many 2007
loans did not qualify as is and needed to be consol-
idated to qualify under the program terms.

Veterinary Medicine Loan Repayment Program
will pay up to $25,000 each year toward qualified
educational loans of eligible veterinarians who agree
to serve in a National Institute of Food and Agricul-
ture (NIFA)-designated veterinarian shortage situ-
ations for a period of 3 years. Program details and
a map of eligible areas can be found here: www.
nifa.usda.gov/program/veterinary-medicine-loan-
repayment-program. For mixed large-animal vet-
erinarians, this may be a useful adjunct to loan
repayment when working in relatively underserved
areas.

Armed Forces F. Edward Hébert Armed Forces
Health Professions Scholarship Program—students
receive full tuition at any accredited veterinary,
medical, dental, psychology, or optometry program,
plus a generous monthly stipend of more than
$2,000. There is an active-duty service obligation
to the US Army is 1 year of service for every year of
scholarship received. Army Active Duty Health
Professions Loan Repayment Program pays up to
$120,000 over 3 years to repay veterinary school
loans for active duty; participants receive $40,000
per year for 3 years. For reserve duty, veterinari-
ans are eligible for loan repayment of up to $50,000
over 3 years through the Healthcare Professionals
Loan Repayment Program; participants receive
$20,000 per year for the first 2 years and $10,000 the
third year.

State-Funded Loan Repayment Programs—some
states have passed legislation establishing their own
loan repayment or loan forgiveness programs for
veterinarians.
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Advanced Training/Graduate Students

The common “old sage” advice for DVMs in graduate
or specialty training programs was to enter loan
deferment during the training program due to low
income. Deferment allows the borrower to com-
pletely avoid making payments and borrowers can
indeed qualify under the economic hardship clause
to do so, but there are consequences to this choice.
Unsubsidized and private loans will continue to ac-
cumulate interest in the deferment period and this
accrued interest will be capitalized when the bor-
rower reenters repayment. With the availability of
income-driven repayment schemes, the lower-in-
come trainee DVM can continue making very mini-
mal payments tied to their income status. This
allows the borrower to accumulate time paying on
the loan but with very small payments. If the bor-
rower is utilizing an income-driven scheme with
loan forgiveness over the long term, this is finan-
cially advantageous—particularly for those in the

PSLF program with its shorter timeline. With
careful investigation and planning, time spent in
advanced training programs may even be counted
against the years of nonprofit work required for for-
giveness under the PSLF.

4. Additional Resources

www.vinfoundation.org/loansim
www.studentaid.gov
www.avma.org/resources-tools/personal-finance
www.studentloanplanner.com
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Why Veterinarians Are Leaving Equine Practice

Amy L. Grice, VMD, MBA

Data show that over the last 20 years, fewer new graduates are entering equine practice and
nearly half have left the equine field by the fifth year after graduation. With a significant
number of AAEP members over the age of 50 years, there may be a shortfall in veterinarians to
care for our nation’s horses in the near future. Author’s address: PO Box 192, Virginia City,
MT 59755; e-mail: amyvmdmba@gmail.com. © 2020 AAEP.

1. Introduction

American Association of Equine Practitioners
(AAEP) membership records show that more than
50% of recent graduates have failed to renew their
membership within 5 years following their gradua-
tion, a figure that has been trending upward (Fig.
1).1 For example, of those AAEP members gradu-
ating in 2014, by 5 years later in 2019, 52% were no
longer members. In addition, the number of new
graduates that chose careers in equine practice
dropped from 5.7% in 2003 to 1.1 in 2017, and then
increased slightly to 1.5% in 2018, according to
American Veterinary Medical Association (AVMA)
data (Fig. 2).1

Over 200 job opportunities have been consistently
available on the AAEP Job Board over the past
several years, and many practices report receiving
few to no applications. In veterinary medicine as a
whole, the unemployment rate was 0.8% in 2019,
and according to the AVMA Career Center, appli-
cant to job ratios varied between states, with the
majority having a ratio from 0.0 to 0.5.2 Currently,
about two thirds of AAEP members are less than 50
years of age, with 17.4% aged 51 to 60 years, and
26.6% over the age of 60 years.a Over the next
decade, it is likely that many of these practitioners,

which represent 44% of the AAEP membership, will
retire. If the attrition of new equine practitioners
continues and the retirements of aging equine vet-
erinarians occur as expected, horse owners could
experience difficulty finding equine-focused doctors
to care for their mounts, especially in some more
rural regions.

Against this backdrop, an effort was made to de-
termine possible reasons for the trend of decreasing
attraction and retention of veterinarians in equine
practice.

2. Methods and Materials

An eight-question survey link utilizing Survey Mon-
key was distributed on several Facebook sites in
May 2019. The sites utilized were the closed
groups Women in Equine Practice, Equine Vet-2-
Vet, Moms with a DVM, and AAEP Member Vet
Talk. The survey was open for about 10 days, and
647 veterinarians responded.

The survey instructions asked the doctors to an-
swer based on the equine practice where they were
currently working or where they had previously
worked before leaving the career. Survey ques-
tions to assess the profiles of the respondents in-
cluded the percentage of equine work done by the
practitioner, the year of graduation from veterinary
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school, whether the respondent was an associate or
an owner, and the size of the practice. The most
important questions in the survey were those that
focused on leaving the profession. All of the ques-
tions allowed the veterinarians to write comments.

3. Results

When asked, “How much of your practice is or was
equine?”, the majority of the respondents (63.8%)
reported that they were currently or had formerly
been at a 100% equine practice, followed by 24.6%
that reported their practice was 75% to 99% equine.
Few respondents reported less than 75% equine
work (Fig. 3).

Because the noted trend of attrition of equine
graduates from AAEP membership showed an in-
crease from 2000 onward, the survey broke the re-
spondent cohort into fairly small groups in order to
see if there were differences among different sets of
graduation years. Those graduating 10 years or
more ago were grouped together, while the most
recent decade was grouped in 3-year increments.
As might be expected, the majority (50.8%) of re-
spondents graduated in 2009 or prior. The most
recent decade was well represented in each of the
three segments of graduation years (Fig. 4).

Another survey question asked, “Are or were you
an associate or owner in equine practice?” Most
likely due to about half of respondents graduating in
the last decade, associates (64.6%) outnumbered
owners (35.4%) overall. When looking at just those
who graduated in the last decade, 80.6% identified
themselves as associates and 19.4% identified as
owners. This is in contrast to those graduating in
2009 or before, of whom 49% reported they were
associates and 51% reported they were practice
owners.

Respondents were fairly equally distributed
among different sized practices, providing a view of
equine veterinarians across a variety of work set-
tings. The equine veterinary industry is largely
made up of small practices. While only 20.9% re-
ported being solo practitioners, well below the
approximately 35% of AAEP members that consis-
tently report being solo, over 58% reported working
in practices of 1 to 3 veterinarians. This is consis-
tent with the findings of the 2016 AVMA AAEP
Economic Survey, which found that 52.5% of equine
practices have 2 or fewer full-time equivalent (FTE)
veterinarians.1 Almost 20% of respondents re-
ported working at large practices with more than 6
doctors. Again, this result showed consistency with

Fig. 1. Percentage attrition in AAEP membership in 5 years since graduation.

Fig. 2. Percentage of new graduates entering equine private practice.
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Fig. 3. Survey question: “How much of your practice is or was equine?”

Fig. 4. Survey question: “When did you graduate?”
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the 2016 AVMA AAEP Economic Survey, which
found that 20.5% reported working at equine prac-
tices with 6 or more FTE veterinarians (Fig. 5).1

The next questions in the survey were those that
focused on leaving the profession. The first question
in the survey asked, “Which statement is true for you?”
and the answers included, “I have never considered
leaving equine practice,” “I considered leaving equine
practice but decided to stay,” “I am currently consid-
ering leaving equine practice but have not decided,”
and “I have left equine practice or have definitely de-
cided to leave equine practice” (Fig. 6).

Somewhat shockingly, only 181 (28%) of the 645
respondents have never considered leaving the profes-
sion of equine veterinary medicine, of whom 107 grad-
uated in 2009 or before. Of the 80 respondents who
graduated in 2016 to 2018, 22 (27.5%) had never con-

sidered leaving and 30 (37.5%) had considered leaving
and decided to stay. Similarly, 20.6% of the 126 re-
spondent graduates of 2013 to 2015 had never consid-
ered leaving and 35.7% had considered leaving and
decided to stay. Of those 110 respondents graduating
in 2010 to 2012, 22.7% had never considered leaving
equine practice and 37.3% had considered leaving and
decided to stay. Because the recession of 2009 to
2011 affected equine practice substantially, one might
have expected there to be higher attrition in those
graduation years, but the data do not support this.

Sadly, 127 (19.7%) of the total 645 respondents have
already left or have definitely decided to leave equine
practice, and another 113 (17.5%) are currently con-
sidering leaving the profession. When considered by
graduation year, 19.5% of those graduating in 2009 or
prior have left or have definitely decided to leave,

Fig. 5. Survey question: “What is or was the size of the practice where you did equine work?”

Fig. 6. Survey question: “Which statement is true for you?”
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compared with 18.2% of those who graduated in 2010
to 2012, 27.0% of those who graduated in 2013 to 2015,
and 11.3% of those who graduated in 2016 to 2018.
Currently considering leaving the equine veterinary
career path are 14.9% of 2009 or prior graduates,
21.8% of 2010 to 2012 graduates, 16.7% of 2013 to
2015 graduates, and 23.8% of 2016 to 2018 graduates.
The data suggest that the reality of life as an equine
practitioner may become untenable to some after sev-
eral years in the career (Fig. 7).

When this question was analyzed by size of practice,
interesting results emerged. Those respondents
working for themselves as solo practitioners were the
least likely to have considered leaving equine practice,
and the least likely to have left equine practice. They
were similar in percentage to respondents from large
practices with more than 6 veterinarians in consider-
ing leaving but deciding to stay. However, they were
more likely than those working at larger practices to
be currently considering leaving equine veterinary
medicine. Surprisingly, those in larger practices of 4
or more doctors were the most likely to have left or be
definitely leaving the career (Fig. 8). When considered

additively, those respondents in practices of 2 to 3
doctors (39.58%) and 4 to 6 doctors (40.29%) were
those most likely to be currently considering leaving
equine practice but not yet decided, or to have already
left equine practice or definitely decided to leave
equine practice (Fig. 9). However, those in practices
with more than 6 doctors were close behind with
37.30%. Solo practitioners were lower at 29.85%.

Understanding why talented equine veterinarians
are leaving the profession was the main objective of
this survey, and to that end, questions were asked to
identify both the contributing as well as the primary
reasons for the exodus. The top 5 contributing factors
when respondents could select all factors that influ-
enced their decisions were lifestyle and number of
work hours required (57.7%), emergency on-call duty
(53.0%), low salaries and compensation (51.8%), men-
tal health and stress (44.5%), and culture of equine
veterinary industry (36.6%). Mentioned less fre-
quently as contributors to leaving equine practice were
culture of my practice (28.4%), having children
(26.4%), physical injuries (24.4%), and high educa-
tional debt (22.8%). The least chosen factor was

Answer Choices 

Year of Graduation 

Before 

2009   

2010-

2012   

2013-

2015   

2016-

2018   

I have never considered 

leaving equine practice 32.62% 107 22.73% 25 20.63% 26 27.50% 22 

I considered leaving equine 

practice but decided to stay 32.93% 108 37.27% 41 35.71% 45 37.50% 30 

I am currently considering 

leaving equine practice but 

have not decided 14.94% 49 21.82% 24 16.67% 21 23.75% 19 

I have left equine practice or 

definitely decided to leave 

equine practice 19.51% 64 18.18% 20 26.98% 34 11.25% 9 

TOTAL 100.00% 328 100.00% 110 100.00% 126 100.00% 80 

Fig. 7. Survey question: “Which statement is true for you?” By Graduation Year.

Answer Choices 
Size of Practice 

 1 DVM 2-3 DVM 4-6 DVM > 6 DVM 

I have never considered 

leaving equine practice 38.81% 52 23.75% 57 24.46% 34 30.16% 38 

I considered leaving equine 

practice but decided to stay 31.34% 42 36.67% 88 35.25% 49 32.54% 41 

I am currently considering 

leaving equine practice but 

have not decided 19.40% 26 19.58% 47 15.83% 22 13.49% 17 

I have left equine practice or 

definitely decided to leave 

equine practice 10.45% 14 20.00% 48 24.46% 34 23.81% 30 

TOTAL 100.00% 134 100.00% 240 100.00% 139 100.00% 126 

Fig. 8. Survey question: “Which statement is true for you?” By size of practice.
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needs of elderly or ailing parents or family members
(2.9%) (Fig. 10).

Forty-one respondents chose “Other” as one of the
reasons for considering leaving equine practice.
Those respondents choosing “Other” were asked to
comment. A total of 81 comments were made on
this question. Included was the following: “I
think for me, the main reason I could not make
equine practice work was because of the culture and
demanding hours. It was a challenge before kids,
but afterwards it became impossible. Being on call
50% of the time with a newborn that didn’t sleep was
an enormous strain on our family, and if I’m being
completely honest it put my marriage in jeopardy.
Then taking time off to take my sick daughter to the
doctor was a strain on the practice. Planning to
leave early one day to pick up my kid on a day my
husband had a late meeting was a lot to ask my
employer. Trying and failing to make it home in
time for dinner was the norm. The list goes on.
I did look for other equine jobs, but never found one

in our area that seemed to be enough of an improve-
ment to make it worth it. For now, I am doing SA
[small animal], and hope to get back to equine after
my kids are a bit older—maybe solo. I hate to be
another female vet that couldn’t make it in equine
practice. It’s all I ever wanted to do, since I was 7;
I completed an internship and almost accepted a
residency; I thought I was well prepared and fully
informed on what to expect out of this career path.
I love equine medicine, but could not find a way to do
it and also feel like I was being a good mother/
wife—or even daughter/sister/friend/etc.”

Another comment was, “Equine practice is still
very much a lifestyle, not a job. The lines between
clients & friends is blurred. Not only must you be
available 24/7 and are made to feel guilty if you are
not, forget about going to the barn to play with your
horses uninterrupted. I go, only when I know oth-
ers won’t be there, and it causes me more anxiety
than calm. As much as these clients act like
friends, I am a monkey that serves them. And if I
died, they’d find another monkey. That’s a tough
reality when you dedicate your life to something.
The people make it suck, the stupidly low pay and
constant on-call make it sick [sic]. The horses
make it worth it.” Other comments referenced un-
ethical behavior, a “good old boys club”, inability to
compete with online options that can sell below a
small practice’s cost of goods, misogyny, inadequate
support staff, and a lack of opportunity to buy
shares.

The most prevalent reasons chosen for leaving
equine practice did not differ considerably between
graduate year cohorts, but there were interesting
trends in the percentage of respondents choosing
each option. Lifestyle and number of work hours
required was the most frequently named contributor
to respondents’ decisions to leave or consider leaving
equine practice across all graduation years, cited by
52.7% of those graduating in 2009 or before, 58.9% of
those graduating in 2010 to 2012, 67.5% of 2013 to
2015 graduates, and 61.3% of respondents from
2016 to 2018. Those from more recent graduating
years were more likely to attribute low salaries and
compensation to influencing their departure, with

Fig. 9. Survey question: “Which statement is true for you?” By size of practice with only, “I am currently considering leaving
equine practice but have not decided,” and “I have left equine practice or definitely decided to leave equine practice.” Answers
considered additively.

Fig. 10. Survey question: “What factors contributed to you
leaving or considering leaving equine practice?” Choose all that
apply.
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43.0% of 2009 and before, 58.0% from 2010 to 2013,
64.3% from 2013 to 2015, and 60.0% from 2016 to
2018 citing this factor. One respondent com-
mented, “I could literally not afford to eat meat.
I love the job, but it wasn’t sustainable.” Emergency
on-call duty, and mental health and stress were less
frequently reported by those graduating in 2009 or
prior compared to the most recent decade’s gradu-
ates. A sharply rising trend in the importance of
educational debt and a smaller rise in influence of
the culture of the equine veterinary industry was
seen across graduation years (Fig. 11).

Respondents to the survey were asked to choose
the most important factor in their decision to leave
or consider leaving equine practice. Not surpris-
ingly, those factors that were the most prevalent
when multiple reasons could be chosen, again rose to
the top in the responses. Lifestyle and number of
work hours required was the most frequently chosen
response (27.5%), followed by emergency on-call
duty (17.9%) and mental health and stress (11.6%).
Low salaries and compensation (10.0%) garnered a
fourth place in importance, followed by culture of my
practice (9.8%) (Fig. 12).

When responses were sorted by graduation year,
clear differences in the most important factors be-
came evident. While lifestyle and number of hours
worked was the primary factor across almost all
graduation years, after that a divergence was appar-
ent. Low salaries and compensation was chosen as
most important by more of those respondents who
graduated in 2016 to 2018 and decreased in impor-
tance as a factor the more years the respondent had
been in practice. Mental health and stress were
chosen by more 2016 to 2018 graduates as the pri-
mary reason for leaving or considering leaving com-
pared to all other graduation years, but those who
graduated in 2009 or before showed an increasing
trend compared to those who graduated in 2010 to
2012. Emergency on-call duty was lower in impor-
tance as a factor among graduation years 2016 to

2018, and showed an ascending trend from the most
recent graduation years to later years, peaking for
years 2010 to 2012 as the most important factor for
those respondents at 19.64% and then decreasing
somewhat (14.24%) for those who graduated in 2009
or before. The culture of the equine industry was
higher in importance as a factor for the most recent
graduates, while the culture of the practice in which
the respondent worked became more significant as
years in practice accumulated, then waned in those
more than 10 years out of school. Having children
increased in significance to those who were in grad-
uation years 2010 to 2012 and 2013 to 2015 before
declining somewhat, most likely reflecting child-
bearing years. The same trend was seen with ed-
ucational debt, which could be influenced by the
increasing financial needs of those with families or
the purchase of a house. Physical injuries or wear
and tear increased with time since graduation, not
surprisingly. The needs of elderly family members
and other financial stresses were of little conse-
quence in choosing to leave equine practice for
nearly all respondents (Fig. 13).

The final question of the survey asked what those
who had left practice were doing now. About 47%
of respondents reported that they are now in com-
panion animal practice and another 10% have an
academic position of some kind. Another 4% of re-
spondents reported they are now working in indus-
try and government positions.

4. Discussion

The culture of the equine veterinary industry and
that of many individual practices has not changed
as the demographics of the profession have changed.

Fig. 11. Survey question: “What factors contributed to you
leaving or considering leaving equine practice?” Top factors by
graduation years.

Fig. 12. Survey question: “What is the primary or most im-
portant factor that contributed to you leaving or considering
leaving equine practice?”
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Traditionally, many equine practitioners worked
10–12-hour days, often 6 or 7 days a week in the
busy season. Many practices operated (and some
still do) with doctors as silos, holding the expectation
that each will attend their “own” clients’ emergen-
cies whenever they arise. In some practices, the
work ethic is that all doctors should work until all
the calls of the day are completed, rather than hav-
ing emergency service begin at some designated
time. This lack of a “hard” stop to the scheduled
day makes it very difficult for veterinarians to have
other activities, responsibilities, or priorities after
work. This culture is particularly hard for women
veterinarians who have families. About 80% of
new graduates are female now, and if they follow a
traditional path through their undergraduate, doc-
toral, and internship studies, they enter the profes-
sion in their prime child-bearing years. This
upends many budding equine veterinary careers.

Many respondents to the survey wrote comments
that showed a deep love for the profession but a
frustration with the constraints of the lifestyle and
number of work hours required. The long hours
required in the profession were the focus of one
respondent’s comment: “When people ask me what
my hobbies are, I don’t know what to say anymore.
Sleeping? I used to have hobbies. My mom sug-
gested the other day that we shop for summer shirts
at TJ Maxx. I didn’t know why she would say that,
why would I need a summer shirt, I will be work-
ing. . . and wearing work shirts. I truly love my job
and I love what I do. But it takes my whole life.”

Changing the culture of equine practice with
regard to the number of work hours and the expec-
tations of clients for 24/7/365 access to their veteri-
narian is not an easy task, because it will require
horse owners to be more flexible and accept bound-

aries. Historically, many equine practitioners have
made themselves available for their clients’ needs at
all times, making their profession their first priority
before family, health, or personal time. Many
newer veterinarians are unwilling to make these
sacrifices, wanting to live lives more balanced be-
tween work and other needs. This has created fric-
tion between practitioners accustomed to the old
ways and newer veterinarians searching for a fresh
approach. Recent developments suggest that find-
ing a new paradigm will be necessary to retain vet-
erinarians in equine practice.

In order to effect change, veterinarians will need
to explore their priorities and set appropriate
boundaries on their work lives. This may be hav-
ing an automatic reply to non-urgent texts, phone
calls, and e-mails that come in after hours or on
weekends, saying that a response will be made when
the office reopens. It could take the shape of having
a “hard stop” on regular workdays when a veterinar-
ian has no emergency duty, with the doctor on-call
taking emergencies starting at 4 or 5 p.m. in the
afternoon. Practices can experiment with 4-day
work weeks or compensatory days off after working
a weekend. Importantly, doctors can create space
for time away from the practice by supporting their
colleagues’ competence in their communication with
their clients. Horse owners may prefer a certain
provider, but they need to learn to accept care with
gratitude from whomever shows up.

Increasing efficiency in ambulatory practice can
increase doctors’ time away from the practice. Uti-
lizing “area days” where certain geographical areas
are assigned to certain days of the week for farm
calls can cut down on driving time. If urgent calls
are required to other regions, additional fees would
apply. Clients often appreciate being able to plan

Fig. 13. Survey question: “What is the primary or most important factor that contributed to you leaving or considering leaving
equine practice?” By graduation year.
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in advance, knowing that the practice routinely is in
the neighborhood on Tuesdays, for instance.

Emergency on-call shifts are a significant factor in
the loss of veterinarians from equine practice, rank-
ing second in this survey among all respondents.
Said one, “As I’m sure many people will say, the
on-call and the hours (working every weekend dur-
ing breeding season whether on call or not, staying
late frequently, etc.) are major contributors in con-
sidering leaving equine practice. When most of my
friends were vets this seemed normal, but now that
many of my friends have non-vet jobs I am insanely
jealous of their ability to make definitive evening &
weekend plans, have entire weekends off, and not be
restricted to the on call radius and tethered to the
phone. I enjoy emergencies but have come to hate
being on call.”

Many practices, especially those that are solo or
small, have formed emergency cooperatives to share
on-call duties. These loose confederations are more
frequent in some regions than others, depending on
local competitive pressures. Clients quickly be-
come accustomed to understanding that in an emer-
gency they may need to see a veterinarian that they
don’t know, and most seem to adjust readily. This
is common in human medicine, as well as in emer-
gency clinic settings for companion animals, and
people seem to be increasingly understanding the
need for change in veterinary medicine.

Emergency care is often needed less frequently for
horses that have the benefit of regular primary care.
In order to encourage routine wellness care, some
practices offer a discount on robust emergency call
fees for horses that receive vaccinations and other
primary care through the firm. Others offer well-
care programs for a menu of services to help ensure
that horses get the care they need. Education can
also decrease the need for emergency care by early
recognition or through prevention. Client semi-
nars about equine management and health can also
help minimize urgent visits.

The 2012 AAEP Owner Trainer survey demon-
strated that horse owners highly value emergency
care delivered in the home setting. The 2017
AVMA Pet Owner Demographic Study revealed that
89% of horse owners consider their horses to be pets
or family members, not livestock. Providing emer-
gency care that addresses this emotional bond is a
huge opportunity to create client loyalty, and most
clients are willing to pay high fees to obtain such
care. Some larger practices strategically hire asso-
ciates to provide emergency care services for sur-
rounding small practices in order to reap the
revenue from this highly valued service.

Mental health issues and stress were shown by
the 2016 AVMA AAEP Economic study to be in-
creased in veterinarians from more recent gradua-
tion cohorts. This survey supports those findings,
with stress and mental health the third most com-
mon reason for respondents to leave or consider
leaving equine practice. Exhaustion, lack of per-

sonal time, and frequent on-call shifts can all con-
tribute to lack of personal wellness. Seeking a life
more conducive to wellness may be a healthy and
appropriate choice for many veterinarians that are
struggling personally. The challenge is to make
equine practice sustainable for those entering
the profession and all those currently serving the
equine industry.

It is very important for equine veterinarians to
avoid a victim mentality and take responsibility for
shaping the life they wish to lead. Creation of a
personal mission and personal vision statement can
help in this regard. Joining a peer networking
group (e.g., Decade One) can help doctors feel less
isolated as they discuss shared challenges and solu-
tions. Other strategies for wellness include regular
exercise, adequate sleep, good nutrition, and time
for family and friends.

The thread of the higher compensation, shorter
hours, and minimal emergency duty found in com-
panion animal practice was woven into many re-
spondents’ comments in this survey but was not the
primary reason most equine veterinarians left or
considered leaving the field. Over all the respon-
dents, low compensation was the fourth most com-
monly cited as the primary factor. However, for
more recent graduating classes, low salaries (often
well below those found in companion animal jobs)
were the second most commonly cited reason for
leaving the equine sector. As educational debt has
increased in recent graduating classes, financial
concerns are more prevalent, but according to the
results of this survey, they still remain less of a
stumbling block than the lifestyle of equine practice.

Real mean debt of all 2018 graduates from US
veterinary colleges, including those without debt,
was $143,111, an increase from $133,086 in 2017
and $138,151 in 2016.3 Results of the 2016
AVMA AAEP Equine Economic Survey indicated
that equine practitioners must use much more of
their annual compensation than (primarily compan-
ion animal) AVMA members, when considering all
respondents (Fig. 14). The mean percentage of
compensation used to service debt for 2006 to 2016
graduates in equine practice was found to be 20%.1

In 2018, about 30% of graduates who entered
equine practice had no debt, compared with approx-
imately 20% of graduates who entered companion
animal practice. Perhaps, inadvertently, the
equine profession is now becoming more accessible
and attractive to those with more personal or famil-
ial financial resources. This could have a positive
effect if these veterinarians feel less stressed by debt
and will then remain in the profession. Con-
versely, will those with robust financial reserves be
satisfied with life in equine practice as it currently
exists, or will they carve out niches that require less
time and effort?

A healthy debt-to-income ratio (DIR) for profes-
sionals is considered to be �1.4, and veterinarians
in equine practice well exceed this measure. For
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graduates of 2001 to 2016, the average DIR of vet-
erinarians who worked full time in equine medicine
was 2.48 (median, 2.04). The DIR for recent grad-
uates entering full-time equine practice was 3.2 in
2017 and 4.7 in 2018. Clearly, this is not sustain-
able, and changes must occur that allow for higher
compensation for veterinarians entering equine
practice.

Veterinary business management experts recom-
mend that payment for effort as a veterinarian,
including all costs of employment, should not exceed
25% of the doctor’s gross revenue produc-
tion. Those costs of employment include benefits,
payroll taxes, Workman’s compensation, profes-
sional liability insurance, etc. Because compensa-
tion follows revenue production, higher salaries will
necessarily need to follow higher revenue production
in order for practices to stay financially healthy.
One of the most effective ways to increase revenue is
to increase the prices charged for services. If in-
stead, practice owners utilize profit to increase sal-
aries, they will decrease the value of their practices,
and will receive less when they one day sell their
shares.

Because practice owners receive practice profit in
proportion to their percentage of share ownership, in
addition to compensation for their effort as veteri-
narians, total compensation for those veterinarians
that are practice owners can well exceed that of
associates. Many young equine veterinarians have
started their own (often solo) practices as a result.
A well-managed small ambulatory practice can be
quite profitable, allowing these new entrants to the
equine veterinary field to be more financially suc-
cessful. The positive aspect of greater financial
success must be balanced by the added stresses of
managing a practice, providing emergency service,
and bearing the burden of needed equipment pur-
chases alone. Some newer graduates choose to
have niche practices that concentrate on areas of
service that do not require general emergency
service, such as dentistry or integrative therapy.

These young practice owners also can set boundaries
on their own terms and minimize accounts receiv-
able by setting strict payment policies from the
beginning.

Interestingly, only 6.3% chose having children as
the primary reason for leaving or considering leav-
ing the profession. This may reflect the fact that
because having a family is a natural and expected
part of many if not most adults’ lives, those aspects
of practice that do not allow for this normal life
phase may have been called out as the reason, not
the act of having children. Comments in the survey
and on the Facebook pages where this survey was
posted certainly highlighted the difficulties of veter-
inarians blending young families with equine prac-
tice as it exists today.

Said one doctor, “I never considered leaving until
having my daughter. I was all-in, gung-ho equine.
And then she came along and the time, financial,
and quality of life sacrifices I was making for the
privilege of working with horses were not just my
sacrifices anymore… I miss horses, but I love my
family more.” Said another, “I’m one of the “dark
side” converts… never thought I would be, but here
I am. I was a solid equine ambulatory vet for
11 years, then worked a handful of small-animal
days while on maternity leave with my second kid.
Ended up making the switch. It has been good for
me and my family, but I still struggle with my choice
some days. The decision was primarily made to
have better quality of life with two kids. I now
work only 4 days a week, with no on-call, and earn
considerably more. I struggle with the decision,
partly from the sense that I gave up my passion, my
dream career… I had to accept that doing what was
best for myself and my family ended up being more
important than my job. I still consider myself a
‘horse vet doing small animal’ even three years
later.”

Although opportunities in other areas of the vet-
erinary field abound, those who have trained for and
dreamed of a career in equine veterinary medicine
often have sadness about their transition. Dr. J. J.
Vautier-Brown planned to be an equine surgeon and
was proud to be chosen for an internship at Rood
and Riddle Equine Hospital several years ago.
She described her training there as exceptional and
perfect for her career trajectory. After a second
surgical internship at the University of Georgia, she
was poised to apply for a surgical residency when
she became pregnant. “It is horribly crushing to
invest eight years of your life to be a surgeon, loving
every minute of two intense internships, but feeling
like your dream has been crushed. But my son is
the biggest blessing of my life, and I wouldn’t ever
trade him for a residency.” Dr. Vautier-Brown wor-
ries that her educational loans are a burden to her
family and says, “I don’t know how to balance my
love for my family, my career aspirations, and my
financial obligations. We don’t leave the equine

Fig. 14. Percentage of annual compensation used to service ed-
ucational debt.
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profession because we want to—we leave because we
have no other choice!”

Equine veterinarians often work very hard to con-
tinue to work in the traditional cultural mores even
as they become pregnant and have a young family
depending on them. They often feel diminished by
their inability to be perfect in all their roles simul-
taneously. This is stressful and may lead to de-
pression. The exhaustion of early motherhood is
undoubtedly an additional factor in these veterinar-
ians’ struggle.

One young equine veterinarian described that
“Being a horse doctor was always my dream since I
was 7 years old.” After her internship, which she
described as an amazing experience, she began
equine practice at a 6-doctor firm. Although the
practice seemed progressive in its medicine, the cul-
ture was not family friendly. Neither the staff nor
other associates had children, and there was little
teamwork. “Every doctor was a silo, never sharing
cases or treatments, or helping each other.” When
this veterinarian became pregnant, she felt she
needed to prove that she could do the work without
accommodations because of the culture. She
worked until the day she delivered, including emer-
gencies. As her first child grew, she felt torn by the
demands of her job, saying, “I felt I had to choose
between the two and couldn’t have both. I felt like
I wasn’t doing a good job in either role.” She re-
cently began a full-time job at a companion animal
practice working 36 hours a week with no emer-
gency on-call hours. Her compensation is 50%
more than her previous equine position for two
thirds as many hours. This talented veterinarian
stated, “I feel guilty, embarrassed, and like I don’t
belong in the equine vet tribe anymore. I took a
spot at a prestigious practice for my internship, and
now I’m not using that training. I used to judge
people for leaving because they couldn’t hack it.
And now that’s me.”

Dr. Brittany Breidenbach describes the loss of
veterinarians from the equine side as “a huge crisis.”
After her internship, she felt exceptionally qualified
to start as an associate at a busy equine practice.
She was 5 months’ pregnant when she was hired for
her first position post internship and found the
practice owners to be very supportive and accommo-
dating. As so many amazing women do, Dr. Bre-
idenbach worked until her delivery, doing a full
schedule of dentals the day before she gave birth to
her son. The birth was physically traumatic, and
she suffered femoral nerve paralysis which affected
her ability to walk and balance for nearly 6 months.
Overwhelmed by stress and anxiety, the doctor felt
enormous pressure “to be exactly the same and not
let everyone down.” When she returned to work
after 8 weeks, still not entirely healed, she went
right back into the on-call schedule despite her ex-
haustion and physical deficits, as she felt the need to
prove her worth. In time, life normalized and she

began talking with the owners about partnership in
the practice. But when she and her husband de-
cided to have a second child, the physicality of the
profession began to weigh on her when she was
injured tubing a choked horse while pregnant.
Several weeks ago, Dr. Breidenbach started work at
a companion animal hospital where she earns the
same compensation for half the hours, with no emer-
gency duty, and a regular schedule of hours. She
laments, “I must accept being the stereotype, but I’m
dying inside from the loss of my identity. I
dreamed of being a horse vet since I was four years
old, and I have to tell myself that I’m still me even
though I’m not an equine practitioner. It is
heartbreaking.”

4. Conclusion

These stories highlight the fact that even the “best
in class” are affected by our industry’s longstanding
workplace traditions and outdated cultural morés.
In 2018, the AVMA reports that there were 3,142 US
veterinary school graduates and that 42 (1.3%) took
an equine job at graduation. Another 146 entered
equine internships.4 Many AAEP members are
over the age of 50 years, and many are approaching
retirement. Recent numbers of jobs on the AAEP
Career Center have well exceeded 200. Our profes-
sion cannot continue to stay strong into the coming
decades with the loss of exceptional talent that we
are now experiencing. New paradigms must evolve
that allow our changing workforce to have the flex-
ibility and support that they need while still keeping
practices financially healthy. We must all contrib-
ute to bringing about the changes that will keep the
equine veterinary industry viable for the future.
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1. Introduction

Equine veterinarians consistently cite ethics as one
of their primary issues of concerna. This concern is
well justified. The horse industry currently faces
intense public scrutiny following widespread public-
ity in mass media about horse racing deaths. This
attention could easily turn toward perceived mis-
treatment or abuse of horses in other disciplines, or
even horse ownership in general. Public perception
is crucial for maintaining a social license to operate
in today’s society, and without societal support horse
sports are at risk of traveling the same path as
Barnum and Bailey’s circus, which closed down in
2017 after 146 years of operation, in large part due
to protracted legal battles with animal rights orga-
nizations over the use of elephants in their perfor-
mances.1 Ethical decision making by equine
veterinarians is not only important for maintaining
a high standard of care, it is essential for maintain-
ing public support of the horse industry.

While bioethics is an important and well-
developed field in the human medical realm, formal
training in ethics is sorely lacking in both veterinary
school training and continuing education opportuni-
ties for veterinarians. Discussions about ethics in
equine practice to date have focused primarily on
educating practitioners about following guidelines

outlined in the American Association of Equine
Practitioners’ (AAEP’s) Ethical and Professional
Guidelines or in the American Veterinary Medical
Association’s (AVMA) Principles of Veterinary Med-
ical Ethics. However, these documents are limited
in scope. Although they do offer concrete solutions
to many specific ethical questions, they are less use-
ful when practitioners are faced with more complex
dilemmas.

Equine veterinarians need better training and a
more extensive toolbox in order to effectively ana-
lyze and make decisions when faced with difficult
ethical dilemmas. This effort can begin by examin-
ing well-established methods in bioethics used in
human medicine and adapting them to meet the
needs of the veterinary profession. The four-
principles approach to bioethics proposed by Beau-
champ and Childress2 provides just such a practical
framework that could prove useful for application to
veterinary practice.

2. Discussion

The Four-Principles Approach

The basis of the four-principles approach introduced
by Tom Beauchamp and James Childress2 assumes
a “common morality,” or set of moral standards upon
which most reasonable people would agree. Few
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would argue that outright killing of horses for insur-
ance money is unethical (“Thou shalt not kill”), or
that it is unacceptable to alter medical records to
conceal a chronic soundness problem on a horse
being offered for sale (“Thou shalt not lie”). For less
black-and-white questions, the four principles of au-
tonomy, beneficence, nonmaleficence, and justice
can be applied to help make a decision about the
most ethical course of action.

Autonomy

In human medicine, the principle of autonomy pro-
tects a patient’s right to make decisions regarding
their own care. It protects the right of a patient to
refuse treatment as well as to make choices regard-
ing diagnostic tests, participation in clinical trials,
and therapeutic options offered by physicians and
caregivers.

Rights related to patient autonomy are protected
by protocols involving informed consent and docu-
ments such as advanced directives. If a patient is
determined to be incompetent to make decisions on
their own behalf (including infants, very young chil-
dren, or patients with conditions such as dementia
or a state of unconsciousness), a surrogate such as a
parent or spouse is recognized. A surrogate is ex-
pected to make decisions on behalf of the patient
first using a “substituted judgment” standard; the
surrogate chooses options based on what they be-
lieve the patient would have wanted, even if that
option may not be what the surrogate would prefer.
For example, using a substituted judgment stan-
dard, an adult child might opt to forego ventilator
support for a parent at the end of life based on that
parent’s previously stated desires, even if the child
is reluctant to make that decision knowing it may
hasten the death of their parent.

When a substituted judgment standard is not
possible due to lack of knowledge of what the
patient would have wanted, as is often the case
with infants or severely mentally disabled pa-
tients, the “best-interest” standard is applied.
Using the best-interest standard, the surrogate is
expected to make decisions based on what they
believe would be best for the patient. For exam-
ple, discontinuing futile treatment for a severely
impaired newborn.

In veterinary medicine, respect for autonomy be-
comes more complicated to navigate. Patients are
incapable of making any decisions on their own be-
half, requiring that the practitioner immediately
skip ahead to surrogate decision making. Not only
that, it is impossible for a surrogate to apply a sub-
stituted judgment standard as there is no way of
knowing what the horse’s preferences would be.
In all cases, the principle of autonomy in veterinary
medicine depends on a surrogate making health
care decisions based on the best-interest standard.

The next question one must ask is “who is the
appropriate surrogate?” In equine practice, the
medical decision making often falls to the trainer.

Trainers of athletic horses are expected to produce
winning results. Owners hope to win prize money,
see the value of an investment horse increase, and
proudly watch their children earn accolades in the
show ring. Faced with these expectations, trainers
commonly feel the pressure to get a horse “back to
the ring,” which can represent a conflict of interest
when faced with soundness or health issues that
threaten that possibility. Unless owners question
the medication charges on their training bill or com-
municate directly with the veterinarian, they are
often kept in the dark about their horse’s health.
This situation begs the question of whether owners
would be more appropriate surrogates than trainers.
Would owners be more inclined to make health
care decisions for their horses based on the best
interest standard if they were fully informed of
the potential positive and negative consequences
of those decisions?

Beneficence and Nonmaleficence

The next two principles outlined by the four-princi-
ples method are beneficence (“do good”) and nonma-
leficence (“do no harm”). These two principles are
often considered together, as making an ethical de-
cision often requires balancing them against one
another. The goal is to determine whether the ben-
efits of a chosen course of action outweigh the neg-
atives. Cases in human medicine commonly test
these principles when questioning whether treat-
ment that prolongs life in the face of pain and suf-
fering should be pursued. Simple examples in
equine practice would include making difficult deci-
sions regarding euthanasia (does the positive effect
of relieving suffering outweigh the negative of end-
ing life?), or whether to pursue treatments such as
colic surgery (does the positive outcome of saving the
horse’s life outweigh the negative impacts of pro-
longed recovery, including financial burdens to the
owner?). The answers to these questions typically
require consideration of a number of mitigating fac-
tors including age and overall health of the horse,
prognosis, and the owner’s personal situation.

Justice

Finally, the principle of justice tells us that all pa-
tients deserve equal treatment and addresses wide-
spread challenges in health care disparities among
different populations in human medicine. Racially
driven health care disparities and availability of
health care in impoverished areas are examples of
problems where the principle of justice is applied in
the human medical world.

The principle of justice can be adapted to veteri-
nary medicine when considering what treatment op-
tions are offered to different categories of patients.
Is referral offered to every patient that has the po-
tential to benefit from specialist expertise? Or
should patients be chosen for more advanced diag-
nostics based on their perceived value? Efforts
such as the Equitarian Initiative to improve health
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care for working equids in third-world countries are
another example where the principle of justice is
applied in veterinary medicine.

Case Examples

The Black-and-White

At the 2019 AAEP ethics session, a case was dis-
cussed where a trainer in a large barn requested
that a Dr. X, a young veterinarian newly employed
by a large practice, dispense antibiotics to a new
horse with a nasal discharge that had never been
seen by the veterinarian or the practice. The
trainer, a long-term client and large source of in-
come to the practice, claimed that Dr. Y, the practice
owner, “does this all the time,” and was resistant to
Dr. X’s request to perform an examination on the
patient. Dr. X felt torn between pleasing the
trainer and meeting the expectations of her new
boss, and insisting on performing the examination
before dispensing the requested medication.

The appropriate course of action in this case is
clearly supported simply by adhering to the AVMA’s
Principles of Veterinary Medical Ethics, which
clearly states, “A veterinarian shall provide compe-
tent veterinary medical clinical care under the
terms of a veterinarian-client-patient relationship
(VCPR).”3 Particularly in light of current concerns
regarding antibiotic stewardship, Dr. X would be
making the most ethical decision by refusing to dis-
pense the medications. One would hope that Dr. Y
would support this decision.

The Gray

Case #1. A mid-level junior hunter presents with
an acute right front lameness 2 weeks prior to an
important competition. The horse flexes off with
distal flexion of the limb, and the trainer requests
that Dr. X perform a coffin-joint injection in an effort
to restore the horse to soundness prior to the com-
petition. The trainer at this large competition barn
typically makes all of the medical decisions on be-
half of the horse owners. Dr. X agrees that a coffin-
joint injection will most likely help relieve
symptoms, but has concerns that there could be a
soft-tissue injury in the foot underlying the lame-
ness. Dr. X recommends radiographs and possibly
magnetic resonance imaging (MRI) to rule-out a
soft-tissue injury prior to providing treatment.
The trainer refuses further diagnostics.

As outlined previously, under the principle of au-
tonomy, the first question in this case should be who
is the appropriate surrogate, and are the decisions
being made in the best interest of the horse? If the
owner of the horse were made aware of the potential
risks of treating the horse and proceeding to the
competition, would they choose to take the diagnos-
tic steps recommended by the veterinarian? The
veterinarian could address this question by speak-
ing directly to the owner of the horse regarding

exam findings and recommendations rather than
relying on communication with the trainer.

When balancing the principles of beneficence and
nonmaleficence, does the benefit of treating the
joint, relieving pain, and allowing the horse to go to
the show outweigh the risk that a career-ending
injury could result if an underlying soft-tissue injury
is present but unidentified? If the veterinarian de-
termines that the risk of a more serious injury is
significant, this would help justify a decision to re-
fuse treatment without the benefit of further
diagnostics.

Finally, under the principle of justice, if this horse
were a young Grand Prix jumper with potential for
international success instead of an older junior
hunter, would the decision change? The veterinar-
ian should take care to offer the same level of care
for every horse.

Case #2. An older amateur dressage horse has had
3 colic episodes during the past month. All have
been uncomplicated and resolved with a single dose
of flunixin meglumine administered by the trainer,
who communicated with the veterinarian over the
phone. After the third episode, the trainer requests
that the veterinarian prescribe an omeprazole/rani-
tidine powder from a compounding pharmacy that
the trainer believes he has had good luck with in
“ulcery horses.” The veterinarian suggests that
gastroscopy would be the best next step in order to
make a definitive diagnosis, and that treatment rec-
ommendations would depend on the results. Fur-
thermore, the veterinarian informs the trainer that
compounded omeprazole/ranitidine products are not
reliably effective for treating ulcers. The trainer
refuses the gastroscopy and persists in demanding
the prescription.

Once again, the first question in this case is
whether the trainer is the appropriate surrogate
decision maker for this horse. If informed about
the value of gastroscopy for making a diagnosis and
distinguishing between squamous and glandular ul-
cers for the purposes of determining the best course
of treatment, the owner of the horse might make a
different decision. In addition, the owner, who will
be financially responsible for the medications,
should have the option of choosing whether to treat
the horse with an effective medication that may be
more expensive in place of the unreliable product
requested by the trainer. The veterinarian should
communicate directly with the owner rather than
relying on the decisions of the trainer.

What happens if the owner is involved in the
decision-making process and aligns with the train-
er’s request for compounded omeprazole/ranitidine
without gastroscopy? Adherence to the principle of
nonmaleficence would guide the veterinarian to re-
fuse this prescription request, as treating with an
ineffective medication could cause harm to the
horse. This should outweigh the benefit of making
the trainer and owner happy.
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Finally, the request for a less effective medica-
tion because of cost raises the question of justice.
Would the owner or trainer of a successful interna-
tional Grand Prix horse choose to treat that horse
differently?

Case #3. A middle-aged pony hunter is reported to
be drinking and urinating more than normal. Rou-
tine lab work indicates that the pony has renal in-
sufficiency. The pony competes heavily, and the
barn program includes administration of phenylbu-
tazone every night during competitions for every
horse. Veterinarians dispense medications to
trainers in bulk, and owners see only a “medication”
charge on their monthly bills.

Could this situation have been averted if the
owner had been acting as the surrogate decision
maker for the pony instead of the trainer? If the
owner were aware that the pony was being admin-
istered medications on a regular basis, and that
those medications could have adverse side effects
such as renal damage, would they have opted to con-
tinue daily administration? Alternatively, would
they have sought out other ways to manage the pony’s
long-term soundness such as pursuit of diagnostics
that might have led to targeted treatments? Veteri-
narians should take care to establish relationships and
communicate with horse owners directly regarding
routine care decisions.

In terms of benevolence vs nonmaleficence, should
the veterinarian continue to support the trainer’s
routine administration of non-steroidal anti-
inflammatory drugs (NSAIDs) by dispensing large
quantities of medications? Does the benefit of
providing pain relief to older campaigners and
keeping trainers happy outweigh the risk of doing
harm to a horse that might suffer serious side
effects or that would be better served with diag-
nostics? The veterinarian can adhere to the prin-
ciple of nonmaleficence by dispensing medications

only to specific horses based on those horse’s indi-
vidual circumstances.

Finally, considering justice, how does the prac-
tice of routine administration of medications to
national level competition horses compare with
the medication controls in place for horses
competing internationally? Should internation-
al-level competition horses be treated differently?

3. Conclusion

Equine veterinarians face ethical dilemmas every
day. Some are easy to recognize and answer, oth-
ers are much less clear. Everyday issues that may
not even be identified as problems can raise ethical
questions, and society is watching the equine indus-
try. The time is now to begin developing methods
and formalizing education in ethics for veterinari-
ans. This can begin by looking at the different the-
ories and methods that have been established for
decades in the field of human bioethics.
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1. Introduction

In any business, loyal clients are everyone’s favorite
clients. They share many characteristics: they
buy more, they are easier to work with, they pay
their bills on time, and they tend to refer new cli-
ents. Having more loyal clients, stands to reason
that businesses would grow and be more profitable.
Not only do loyal clients spend more but they also
refer more new clients, which reduces the cost to get
new clients. Studies show that clients with high
levels of customer loyalty increase sales more than
2.5 times others in comparable industries and have
2 to 5 times more profitability over a 10-year perioda.
The problem is how can the loyalty of clients be
measured? Veterinary practices tend to send sur-
veys to their clients that are focused on customer
satisfaction, the quality of service they received, and
the cleanliness of their facility. These surveys give
results that are not quantifiable. The answers are
either descriptive or vague. It is nice to know that
a facility is clean, and the receptionist greeted cli-
ents warmly, but there is nothing measurable that
practice owners and managers can use to improve
the business or give them a score of how loyal their
clients are.

There is a broadly used client survey called the
Net Promoter Score (NPS)b. It is a system used to
measure client loyalty by the majority of Fortune
500 companies, including Costco, Apple, Amazon,
and Enterprisec. The latter value the score so
much that they use it as the basis for bonuses and
promotions at each rental car location.

Solution

The basic premise of the NPS is that only one ques-
tion needs to be asked to determine client loyalty—
how likely is it that one would recommend a
company/product/service to a friend or colleague?
A recommendation to a friend or a colleague is the
highest form of support for a company because their
reputation is on the line. Nobody would recom-
mend a terrible company to a friend or family mem-
ber. This is why online reviews are so popular.
When planning a vacation, it is wise to scour online
travel sites to evaluate the best restaurants or at-
tractions at the destination. Imagine buying some-
thing on Amazon without reading a review of the
product first.

The NPS is measured from 0 to 10, with 0 sug-
gesting “not very likely” and 10 indicating that
someone is “very likely” to recommend the company.
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On this scale, there are three categories of results:
Promoters score a 9 or 10 and exhibit all of the
positive behaviors of a very loyal client. Passives
give a score of 7 or 8 and are on the fence. They like
the company a lot but are open to other opportuni-
ties. Detractors score from 0 to 6 and, depending
on how low a score they give, are actively looking to
use another company. These are the people that
will bad mouth businesses, argue over prices, or do
the minimal required for their pets. The NPS is
determined by subtracting the percentage of re-
sponses that are detractors from the those that are
promoters. This means scores can range from
�100 to 100.

2. Results

The author’s 3-location practice has been consis-
tently sending the survey via an online survey plat-
form to clients on a monthly basis for the past 2
years and intermittently for the previous 10 years.
In 2018, practice A had a score of 84%, and practices
B and C shared a score of 73%. In 2019, practice A
increased their score to 85%, practice B rose to 80%,
and Practice C increased their score by 1% to 74%.

A couple of open-ended questions asking why
someone scored 9 or above and why someone scored
6 or below were added. For those offering a low
score they were asked if they would supply their
name and contact information so the practice could
discuss where it had failed.

Some of the typical comments that were received
are listed below.

Positive

● Peace of mind knowing best possible diagnosis,
prognosis, and treatment will be offered.

● Very good at communicating with clients so
they can make informed decisions.

● Have the best interest in the horse and client.
● Knowledgeable, on time, and reliable.
● Great service from vets, techs, and office staff.
● Availability of great equipment to be able to

diagnose the problem right away.
● Explains everything very well, from procedure

to next steps.
● Excellent care and follow up.

Areas for Improvement

● Cost.
● If a new vet examines a horse, they should

know the history and not ask the client for it.
● Send out invoices quicker.
● Saturday or weekend appointments.
● Easy access to the same vet.
● Reminders on when vaccinations are due and

follow up when booster or other follow ups are
due or recommended.

● Better quoting.
● Finally, a 33% response rate was typically

received, far higher than the 10% of previous
client satisfaction surveys.

3. Discussion

The survey was first used during the Great Reces-
sion, and the high scores were very comforting dur-
ing that scary time. Positive results provided
confidence that the practice’s clients were very loyal
and would not flee for cheaper alternatives at the
first opportunity. This high level of loyalty con-
firmed another benefit discussed by the authors of
the original study on the NPS survey: good profits.
They concluded that profits in a company that has a
high NPS score are sustainable and will not easily
shrink in the face of new competitors or an economic
downturn.

The comments were valuable because of the spe-
cific reasons people gave for their score. Trends
were identified within a practice and between the
practices on areas where performance was good and
needed improvement. For example, comments over
a couple of months identified that quoting for ser-
vices needed to be improved. The author’s practice
was able to take immediate action to resolve that
shortcoming and were rewarded with an absence of
comments on the subject in successive surveys.

There are challenges using the NPS survey in that
sending the survey to every person that uses the
practice could become annoying because some cli-
ents have frequent visits. So it’s better to filter
client visits and only send the survey every 6
months to frequent clients. Getting client visit in-
formation is not easy with all practice management
software programs, so it may be easier to find some-
one who is very comfortable using spreadsheets to
modify this information to send the survey in an
appropriate manner.

There is also not an industry standard for the NPS
for practices to use for benchmarking purposes.
Until a standard is established, practices should use
the survey to compare against themselves.

Using the NPS has given the author’s practice a
consistent quantifiable tool to appreciate the level of
client loyalty. Over some months, the numbers
have gone down at times, which serves as a wake up
call from complacency to look at why the score was
declining. The practice was able to look at the com-
ments and make adjustments.

Loyal clients help keep businesses growing and
profitable. The NPS is a tool validated by numer-
ous companies in many surveys and is easily appli-
cable to veterinary practices. Having a simple tool
that uses one question is invaluable to help veteri-
narian practice owners and managers understand
their level of client loyalty, which can make a huge
difference on the financial health of a practice and
help understand what needs to be done to continue
strong growth.
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1. Introduction

Infectious pathogens are a serious threat to humans
and animals. In human medicine, the improve-
ments in medicine, public health, and social stan-
dards have led to a paradoxical increase in exposure
and susceptibility to pathogens.1 In veterinary
medicine, increased knowledge and specialization
has allowed veterinarians to improve the way ani-
mals are treated and cared for at equine hospitals.
However, hospitalized horses are at a higher risk of
being infected by a healthcare-associated infection.
Thus, preventing infectious diseases must be a key
component for providing the highest quality of care
to hospitalized horses. Protecting the care team
from acquiring zoonotic diseases is also of para-
mount importance when developing and implement-
ing a disease-prevention plan.

To implement effective measures for controlling
the spread of disease, one must understand modes of
transmission.2 This paper concentrates on 3 modes
of disease transmission in equine veterinary facili-

ties: fomite, oral, and aerosol. The paper also cov-
ers the basics of cleaning and disinfection. Linking
hospital design with ways to minimize disease
transmission creates a safer environment for pa-
tients and allows practices to more easily manage
biological risk and reinforce their infection control,
prevention, and biosecurity (ICPB) protocols.

This review paper presumes correlation between
built environments for humans, companion animals,
and equids because classes of pathogens and infec-
tion control protocols share many commonalities be-
tween species. It is accepted that there are also
some critical differences between equine facilities
and those for other animals, including but not lim-
ited to, acceptable methods for cleaning, readily
available materials and finishes, and unique opera-
tional requirements.

2. Fomite Transmission

Fomites are inanimate objects (i.e., twitches, diag-
nostic equipment, shoes, etc.) that if contaminated
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and in contact with a susceptible host, are capable of
spreading disease. A common pathogen transmit-
ted via contaminated fomites is Salmonella spp.2

Fomite transmission is an important area of focus
because it involves many design and operational
choices.

Hand Hygiene

Every major healthcare agency, human and animal,
as well as myriad human hospital groups such as
the Mayo Clinic, emphasize the critical importance
of hand hygiene in controlling the spread of infec-
tious disease. Nevertheless, many of the nuanced
design decisions regarding hand hygiene are not
commonly understood. Below are some of the im-
portant concepts for incorporating effective hand hy-
giene into an equine hospital design:

● Hand washing. Hand sanitizers can be used
when hand washing is not available. However,
alcohol sanitizers are not effective against non-
enveloped viruses or bacterial spores.3 Fur-
thermore, soiled hands will render hand
sanitizers ineffective.4 Proper hand washing
with soap and water is the best protocol for hy-
giene regardless of the circumstance because it
removes soil and microorganisms.

● Paper towels versus hand dryers. Some busi-
nesses choose to put in hand dryers to reduce
waste from paper towels. However, paper
towels are best for two reasons. First, the
mechanical action of drying hands makes them
cleaner and drier, and second, hand dryers
aerosolize droplets and spray them against ad-
jacent surfaces.5

● Sink placement. Make hand washing easy.
If it is not easy, compliance will be low. In-
stall hand wash sinks with soap dispensers
around critical areas. Transmission of dis-
eases becomes more likely if an animal care
team member touches one or more door han-
dles in between the area where his or her
hands got soiled and the nearest sink.

● Sink design. Sink design should be an impor-
tant part of ICPB design protocols. Use
touchless faucets: these are readily available
for health care applications and work well
for all locations, including surgery scrub-
bing. Ensure the faucet is directed in a way
that allows the sink to contain splashing wa-
ter. Several human hospital infection out-
breaks have been linked to sinks that splash
water from the drains, thereby recontaminat-
ing hands.6 As an example of proper design, a
scrub sink is often manufactured with a slop-
ing front face, which allows water to hit the
interior of the sink at an obtuse angle, direct-
ing it safely to the bottom of the basin.

Separate Patients and Patient Care Items Based on Risk

Separating patients based on risk is a common prac-
tice for managing potential disease outbreak in a
facility. For example, inpatients need to be sepa-
rated from outpatients. High-risk patients such as
mare and foal, ICU patients, or patients with colic
should be hospitalized in separate areas. Horses
with fever and leukopenia should be hospitalized in
isolation.

High-risk patients should have their own groom-
ing, care, feeding, and cleaning items.7 These
items should be stored in individual prep areas that
are assigned to individual stalls. In facilities with
larger isolation barns, it is not unusual to designate
each stall prep area with its own set of cleanable
booties that are used by staff for caring for that one
particular horse throughout its stay. Provide infra-
structure such as wall-mounted hangers to store
items off the floor or where they will be out of the
way for cleaning.

Design Cleaning Infrastructure with Fomites in Mind

As mentioned above, improperly designed sinks
could facilitate disease spread by splashing and con-
taminating surrounding areas. Hoses can have
similar problems. Hoses are commonly dragged
across the floors in the hospital. In this way, a hose
could become a highly contaminated fomite, allow-
ing for disease dissemination across the hospital.
Below are some design considerations that reduce
this problem:

● For high-risk patients, provide a hose bib in
each individual patient prep area. Hang the
hose on the wall above each hose bib. This
way, each hose bib and hose are separated
between patients, just as are all other patient
care items.

● For common-use areas such as corridors, pro-
vide one of the following:
—Ceiling or high wall–mounted hose reel to
minimize the hose dragging on the floor, and to
allow the hose to be stored off the floor when
not in use.
—Some animal care facilities are plumbed
with integral cleaning systems that feature
both remote power and remote disinfectant in-
jection. Hoses are plugged into remote out-
lets. In addition to reducing the dragging of
hoses, integral cleaning systems can be ad-
justed to various chemical dilution ratios to
match infection risk. While they may seem to
be ideal, cleaning systems require mainte-
nance, are very expensive compared with stan-
dard hose reels, and they must be designed to
be compatible with the disinfectant to be used.
For example, cleaning systems utilizing accel-
erated hydrogen peroxide require stainless
steel or cross-linked polyethylene (PEX) piping
with stainless steel fittings for corrosion
resistance.
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3. Oral Transmission

Oral transmission involves the ingestion of patho-
gens from contaminated food, water, or licking sur-
faces. The contamination of the environment with
exudates, feces, urine, or saliva containing an infec-
tious dose of a pathogen can infect susceptible hosts.
Salmonella spp. and Clostridium spp. are examples
of orally transmitted diseases.2

Oral transmission prevention follows similar
guidelines as for fomite transmission, but in addi-
tion, special attention is paid to the quality of ma-
terials and finishes within the environment,
cleaning systems, and manure disposal.

Nonporous Materials and Systems

It is more difficult to design and construct non-
porous materials and surfaces than it might seem to
be. Numerous disease outbreaks have been corre-
lated with environments that are either improperly
cleaned or are impossible to clean. For example,
Salmonella spp. can persist on surfaces for long
periods and is a notorious cause of nosocomial infec-
tions in equine hospitals.8 The following materials
are acceptable depending on the circumstance:

● Seamless flooring.
—For low-cost installations in lower-risk
spaces such as healthy horse treatment rooms
in smaller hospitals, rubber mats may be in-
stalled if they are manufactured from virgin
rubber (as opposed to recycled rubber which is
porous), are thoroughly adhered to each other
with a high-performance, flexible joint sealant,
and are sealed to the slab below. Loose rub-
ber mats are unacceptable because they can
trap moisture and encourage biofilms to form.
—For highest-quality flooring installations,
utilize poured equine floors. These are man-
ufactured from recycled rubber (which is po-
rous) and then sealed with polyurethane
binders. Because the installation of a poured
floor depends on many factors from the condi-
tion and preparation of the underlying slab to
the skill of the installation crew, specific man-
ufacturers are not listed here. Nevertheless,
it is important to specify products from the
most reputable companies for the equine mar-
ket. The benefits of properly installed poured
floors include the following:

● A longer-lasting solution.
● A complete seal from wall to wall, and around

drains.
● The ability to provide a seamless joint between

the floor and wall.
—The most sanitary design for the joint be-
tween the floor and wall is a cove (rounded)
profile, with the flooring continuing onto the
wall surface several inches.9

Industrial Coatings for Walls

Most equine facility medical areas are constructed of
concrete block and sealed with various coatings,
most of which are ineffective and require frequent
recoating. Anecdotal evidence suggests that the
best long-term option is a cementitious block filler
that fills the concrete pores, followed by two coats of
an industrial marine coating developed to coat metal
ships at sea. A system like this can remain intact
on the walls over the lifetime of an equine hospital
facility and decrease the chance for infectious dis-
ease to remain in the environment, because the
pores in the wall are sealed, leaving an easy-to-
clean-and-disinfect surface.

Match the Materials with the Cleaning Protocol

One of the problems that facilities have is that in-
stalled materials degrade over time in the presence
of water and disinfectants. Degraded materials are
more likely to become porous and allow biofilms to
form.9 Be aware of the effect of the cleaning and
disinfection protocols on materials and select mate-
rials that can withstand them. Below are some
principles to consider:

● Cleaners and disinfectants should always be
diluted properly. Using more disinfectant
than necessary is not only expensive, it is in-
effective. Many surfaces repopulate them-
selves with pre-cleaning microbial colonies
within a few hours of cleaning, regardless of
the vigor of the cleaning efforts.9

● Bleach degrades all finishes but especially
steel. Exposed steel should ideally be galva-
nized and painted with a high-performance
coating such as a urethane. Fiberglass man
doors hold up better than their steel
counterparts.

● Accelerated hydrogen peroxide has less effect
on materials, but if not properly diluted, it
degrades some lower-quality metals, as well as
concrete and epoxy coatings. If the hospital
plans to use poured epoxy floors for the clean-
able areas where horses are anesthetized and
are therefore not standing on the floors (an
example is surgery), then specify a urethane-
based, poured-floor coating instead, which
withstands peroxide-based cleaning agents.

● Utilize moisture-resistant cabinetry in wet/dry
zones such as medical barn nursing stations or
in treatment rooms. Suitable products in-
clude stainless steel or powder-coated metal
casework and plastic medical casework made
by companies such as Midmark.

Manure Management

Control of oral transmission requires design for
careful manure handling. The hospital should
have a designated, restricted area for containment
of contaminated manure. The path to this contam-
inated manure storage should be disconnected from
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primary healthy horse circulation paths. Place the
containment dumpster downwind of all facilities.
Plan traffic flow so that the containment dumpster
is the last to be picked up with the trash service.

4. Aerosol Transmission

Aerosolized particles can be inhaled, deposited on mu-
cus membranes or contaminate surfaces. Pathogens
transmitted via this route include influenza or equine
herpesvirus-1.2 Methods for management of these
diseases include physical isolation and careful air sys-
tem design. Note that diseases that spread via aero-
solized particles also spread via other means such as
fomite transmission, and so all previously discussed
practices apply.

Isolation Barns

Infectious disease can spread via fomites or aero-
sol over long distances. For example, equine in-
fluenza virus spreads effectively as an aerosol over
distances up to 50 yards.10 Isolation facilities for
horses should be placed at a distance from other
buildings on the site. While recommendations
vary, a minimum of 60 feet is a useful guideline to
minimize spreading of infectious diseases. Con-
trolling the spread of diseases via aerosols within
the isolation building requires several steps, in-
cluding the following:

● Providing a solid barrier between patients and
between patients and the human access areas.
Windows are acceptable for looking into stalls
but maintain a solid front on the stalls.

● Providing direct exhaust for each equine isola-
tion stall. This ensures separated ventilation
and negative pressure. The largest hospitals
go to great lengths to ensure that ventilation
systems are highly cleanable so they may be
regularly purged of reservoirs of microbes.

● Differentially pressurize the isolation stalls,
which should be negative, to the surrounding
spaces, which should act as buffers, to prevent
air from isolated patients from flooding into
the surrounding areas.

● Consider properly designed air treatment sys-
tems within the isolation facility. These sys-
tems are not intended to replace proper air
handling and exhaust systems, but to treat air
that is in the surrounding partial-recirculated
zones, such as nursing stations. The most ef-
fective systems utilize a combination of filtra-
tion and ultraviolet (UV) light and can be
effective in eliminating 90% or more of aero-
solized viruses and bacteria in laboratory
conditions.a

Methods for Ventilating Hospitals Outside of the

Isolation Zone

Equine hospitals tend to be less rigorously condi-
tioned and ventilated than their small-animal hos-
pital counterparts. Some ideas, however, should

always be implemented to reduce the risk of aerosol
transmission and for basic healthy indoor air:

● Surgery rooms should be positively pressur-
ized and highly filtered. MERV 13 filters pro-
vide 80% to 90% filtration, which contains and
controls droplet nuclei. If using a filter like
this, ensure the engineer who is designing the
HVAC system is accounting for the pressure
drop across the filter. HEPA filters are un-
necessary for most hospitals, except ones with
very heavy orthopedic caseloads.

● Ventilate conditioned medical areas at least to
8 to10 air changes per hour and 40% to 60%
outside air. Medical barns can be vented at
four to six air changes per hour and may not
need to condition the air except in very hot or
cold weather.

● Control and reduce humidity. Humidity has
a tremendous impact on the growth of micro-
organisms in the built environment. Humid-
ity should not exceed 60%, which is the level
past which American Society of Heating,
Refrigerating and Air Conditioning Engineers
(ASHRAE) deems the growth of molds on sur-
faces to be inevitable.9

5. Cleaning and Disinfection

Cleaning is defined as the removal of visible soil
(e.g., organic and inorganic material) from objects
and surfaces. Normally it is accomplished man-
ually or mechanically using water with detergents
or enzymatic products. Thorough cleaning is es-
sential before disinfection because inorganic and
organic materials that remain on the surfaces inter-
fere with the effectiveness of these processes.11

Cleaning is a very important step that assures the
removal of organic and inorganic materials from
surfaces and devices, hence allowing for maximal
disinfection efficacy.11 The microbicidal efficacy of
disinfectants is inversely proportional to the degree
of soiling on the targeted surface.12 It has been
shown that experimentally, cleaning can eliminate
approximately 90% of bacteria on concrete surfaces,
hence the importance of physically removing patho-
gens from surfaces prior to disinfection.13

Disinfection describes a process that eliminates
many or all pathogenic microorganisms, except
spores, on inanimate objects.11 Objects and sur-
faces are normally disinfected with liquid chemi-
cals.11 There are several factors that affect the
efficacy of disinfectants such as prior cleaning, or-
ganic and inorganic load, type and level of microbial
contamination, concentration and contact time of
the disinfectant, physical nature of the object, pres-
ence of biofilm, and temperature and pH of the dis-
infection process.11

It is well established that environmental contam-
ination leads to hospital-associated infections.
Therefore, implementing a well-designed disinfec-
tion protocol reduces the risk of acquiring pathogens

AAEP PROCEEDINGS � Vol. 66 � 2020 191

BUSINESS OF PRACTICE: STRENGTHENING THE FOUNDATION OF YOUR PRACTICE



from environmental surfaces.14,15 A recent study
demonstrated that the daily use of a cleaner disin-
fectant wipe on all patient areas produced a
significant reduction in methicillin-resistant Staph-
ylococcus aureus (MRSA), vancomycin-resistant En-
terococci (VRE), and Clostridium difficile (C. diff.)
hospital-acquired infections when housekeeping
compliance was at least 80% or greater.16 This ex-
ample illustrates that education, training, and feed-
back can help improve results and provide a more
successful infection-control plan.

Veterinarians and animal caregivers need to un-
derstand the role that disinfectants play when de-
veloping an ICPB plan. Disinfectants should not
just be selected based on cost or tradition, but on
safety and efficacy, since the use of the wrong for-
mulation for an inappropriate contact time gener-
ates a false sense of security, which in turn risks the
spread of pathogenic organisms over a wider area
during the disinfection process. Therefore, regard-
less of all other design considerations and opera-
tional protocols, the hospital must use disinfectants
properly and clean effectively to maintain a safe
environment for horses and humans.

6. Discussion

The following are the four key factors that influence
how disease spreads in a hospital:

● The patient population. The colonized or in-
fected patient plays a key part in contamina-
tion of environmental surfaces and fomites.

● The operations. If personnel are not following
ICPB practices such as maintaining hand hy-
giene and footwear cleanliness, these problems
can aid with the dissemination of environmen-
tal pathogens.

● The design. Poor hospital design, such as
lack of stall drains or porous stall walls, make
the implementation of ICPB protocols such as
cleaning and disinfection unrealistic or cum-
bersome, hence decreasing the chance for team
adoption and success.

● Cleaning and disinfection. Proper cleaning
and disinfection as a key part of an ICPB
protocol.

Maintaining a comfortable, clean, and disinfected
environment is critical for the health and welfare of
patients visiting the veterinary hospital, as well as
for the animal care team’s safety and wellbeing.
A hospital that looks sanitary and smells clean also
reflects well on the practice and fosters a profes-
sional impression for clients.

In veterinary hospitals, nosocomial infections
have a negative impact on patient outcomes and
client experience. Infectious disease outbreaks
have a negative effect for hospital operations by
negatively affecting revenue, client confidence,
public image, and staff morale.17 Therefore, the
goals of properly implemented ICPB protocols are

to reduce infection rates, morbidity and mortality,
to improve personnel safety, and to reduce costs.
A properly designed hospital makes achieving
these goals easier.

In a recent consensus statement, it was concluded
that veterinarians and managers need to be aware
that there is a recognizable standard of care with
regard to infection control, meaning that mea-
sures geared toward minimizing the spread of con-
tagious infectious diseases and education must be
part of the care provided by veterinarians to their
patients and clients. Not meeting these stan-
dards constitutes malpractice and represents a
failure to meet the ethical responsibilities to pa-
tients and clients.18,19
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Neurologic Examination in the Foal

Monica Aleman, MVZ Cert., PhD, DACVIM (LAIM & Neurology)

The neurologic examination of the foal can be easily performed concurrently with the physical

examination and provides a more comprehensive assessment of the overall clinical status. The

evaluation should include an assessment of behavior, state of consciousness, cranial nerves, posture

and postural reactions, segmental (spinal) reflexes, palpation, and gait evaluation. The examiner

requires their vision (observation essential!), touch (palpation), and listening. In order to identify

abnormalities, it is essential to become familiar with what constitutes normal for the neonatal

and developing foal. Author’s address: University of California-Davis, School of Veterinary Med-

icine, Department of Medicine and Epidemiology, Tupper Hall 2108, One Shields Avenue, Davis, CA

95616; e-mail: mraleman@ucdavis.edu. © 2020 AAEP.

1. Introduction

There are important evolutionary differences be-
tween prey and predator animals.1 Horses as a
precocious species are born with a more developed
brain and fully functional vision and hearing than
altricious species, such as humans. Although brain
development continues after birth, the cerebellar
layers in prey animals, such as the neonatal foal, are
already distinct histologically at birth compared to
predators’ brains.1 However, cerebellar cell migra-
tion continues to occur in the neonatal period (Fig.
1). Cerebellar development and myelination in
various parts of the nervous system explain the
“bouncy” gait typical of neonatal foals. This
bouncy gait becomes less apparent as the foal ma-
tures. Neonatal foals are not just little adult
horses, and major physiological and neurological
differences exist compared to older foals and adult
horses.2–5 Therefore, recognition of what is normal
according to age is essential. Alertness, response
to the environment, and movement are different in
utero, during birth, and in extra-uterine life. Foals
respond and move in utero but not to the extent that

is seen in extra uterine life. In the birth canal,
foals are in a drowsy state and become minimally
responsive and movement is depressed. During
the first few hours of extra uterine life, important
milestones must occur for successful functioning and
survival of the neonatal foal. This rapid transition
is remarkable (Fig. 2). As prey animals, horses
must develop a menace response relatively quickly
after birth (within 7 to 10 days) compared to preda-
tors (several weeks).

Many neonatal diseases present with similar clin-
ical signs, such as lethargy, recumbence, weakness,
and reduced or lack of suckle reflex, among others.
These signs could be caused by systemic or neuro-
logic disease, or both. Therefore, a complete thor-
ough history must be obtained, followed by a
comprehensive physical examination to determine
overall health status. Do not forget signalment
(breed, sex, and age) because there are disorders
that can be seen in specific breeds. A few examples
include juvenile epilepsy and lavender foal syn-
drome in Egyptian Arabian foals. These two disor-
ders are phenotypically and genotypically different.
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The principles on how to perform the neurologic
examination are the same across species. The neu-
rologic examination in foals can be done concurrently
with the physical examination. Neurologic assess-
ment must include the evaluation of behavior, state of
consciousness, cranial nerves, posture and postural
reactions, segmental (spinal) reflexes, palpation, and
gait evaluation. The tools required for the examina-
tion are vision (lots of observation), touch (palpation),
and listening. The main goal of the neurologic exam-
ination is to determine if the foal is normal or abnor-
mal. The second goal of the examination is to
determine the anatomical location of the deficits
within the nervous system and, finally, to consider
possible causes of disease. It is critical to rule out
other disorders that might present with similar signs,

especially in the neonatal foal (e.g., obtundation, dys-
phagia, and recumbency weakness).

2. Neurologic Examination in Neonatal Foals

The most important component in performing the
neurologic examination in foals is the practitioner’s
senses for observation, listening, and palpation;
then, a light source to examine the eyes (dazzle
reflex [subcortical reflex to bright light] and pupil-
lary light reflexes) and ears; and needle holders,
forceps, or a pleximeter to check for segmental (spi-
nal) reflexes. Know what is normal and do more
than one examination. Once more, observation is
paramount. The neurologic status of the normal
neonatal foal goes through a transition from in utero
to extra utero life. The APGAR (appearance, pulse,
grimace, activity, respiration) score developed for
the assessment of neonates in the post-foaling pe-
riod (1 minute post-foaling) consists of the following
variables:

1. Heart rate (normal: regular, �60 beats per
minute [abnormal if undetectable, irregular,
or �60 bpm]).

2. Respiration (normal: regular, �60 respira-
tions per minute [abnormal if undetectable,
irregular, or �60 rpm]).

3. Mucous membranes (normal: pink; abnor-
mal if blue, bright red, or yellow).

4. Muscle tone (normal: strong enough to be
in sternal recumbency).

5. Responsiveness.
A. Nasal stimulation (expected response:

strong grimace, sneeze).
B. Ear tickle (expected response: head

shake).
C. Back scratch (expected response: attempts

to stand).

Fig. 1. Cerebellum. Note the 3 layers of the cerebellum (molecular [M], purkinje [P], and granular [G]) organized in the neonatal

foal are similar to the adult cerebellar layers. Cell migration and organization continue in the neonatal period.

Fig. 2. Note this 32-hour-old Quarter Horse colt during move-

ment following his mother (not shown), fully functional and

coordinated.
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This evaluation can be repeated at 5 and 15 minutes
post-foaling to determine if veterinary intervention
is needed. Important milestones include time to
sternal recumbency (1–2 minutes), alertness and
responsiveness to external (tactile, visual, and audi-
tory) stimuli (within 5 minutes), suckle reflex pres-
ent (within the first 20 minutes), vocalizing in
response to the dam’s nickering (within 30 minutes),
time to stand (60 minutes [longer than 2 hours is
considered abnormal]), and time to nurse (2 hours
[longer than 3 hours is abnormal]) post-birth. The
author performs neurologic evaluation concurrently
with the physical examination in neonatal foals.
Similarly, multiple assessments of the neurologic
status can be done concurrently with physical exam-
ination. The examination consists of evaluating
the neurologic status while the foal is at rest (static)
and during movement (dynamic) if ambulatory.
The examination could be divided in the following:

1. Behavior and mentation
A. Behavior (examples of deficits):

a. Aberrant vocalization (e.g., barking or
honking sounds).

b. Walking compulsively.
c. Lack of mare bonding.
d. Sleeping behavior while standing. Neo-

natal foals must lay down to sleep
(drowsy to slow wave sleep and rapid
eye movement sleep); this behavior
changes as the foal matures.

B. Mentation (Fig. 3):
a. Normal, bright, alert, responsive.
b. Obtunded. This could range from mild

to moderate to severe obtundation: from
standing quietly to recumbent but re-
sponsive to physical stimulus (tactile,
auditory, visual). In this state, foals
should always respond to non-painful
stimulus.

c. Stuporous. Recumbent, only responsive
to profoundly painful stimulus and only
while this stimulus is applied.

d. Comatose. Not responsive at all, in-
cluding to profoundly painful stimulus.

2. Cranial nerves and responses, reactions, and
reflexes.
A. Afferent, central, and efferent pathways

must be intact for proper function.
B. These can be evaluated individually (I

through XII) or grouped into functions
(e.g., olfaction [I], vision [II], menace re-
sponse [II, VII])

3. Posture (head, neck, trunk, limbs, and tail).
4. Postural reactions (i.e., proprioceptive posi-

tioning [foot placement]).
5. Segmental (spinal) reflexes.

A. Cervicofacial
B. Thoracolaryngeal
C. Thoracic and pelvic limb reflexes
D. Anal and perineal

6. Palpation
A. Muscle asymmetry
B. Painful areas

7. Gait evaluation
A. Consider age of foal (bouncy in neonates)
B. Consider breed for specific gait

8. Nociception
A. Evaluate for pain perception (conscious

perception � cerebrocortical acknowledg-
ment of pain) only in foals with no appar-
ent voluntary movement.

B. Reflexive movement while applying a
painful stimulus does not equal a con-
scious response.

The determination of mentation, behavior, and pos-
ture can be done as the history is being taken or as
the foal is being examined. States of consciousness
include bright, alert and responsive, and obtunded,

Fig. 3. States of consciousness (brainstem): obtundation, stuporous, and comatose.
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stuporous, and comatose (Fig. 3). Normal behavior
is a bright, alert foal that is responsive to the envi-
ronment; who has mare attachment; is udder seek-
ing and nursing, curious of the environment; and
who sleeps. Head posture in neonatal foals has a
“flexed” appearance at the atlanto-occipital joint
compared to adults, and their stance is wide-based,
which becomes narrower within days of age. The
menace response (a learned response) develops at
approximately 7–10 days. Foals under 10 days of
age are visual but have not learned to blink in
response to an approaching or menacing object.
However, if a strong light is applied to the eye, the

foal is able to blink because this involves a subcor-
tical reflex (dazzle reflex, Fig. 4) already present at
birth. Furthermore, cranial nerve reflexes are also
present in neonatal foals at the time of birth (e.g.,
pupillary light reflex). Cranial nerve deficits might
be apparent during the initial observation before
approaching the patient. As mentioned earlier, au-
ditory function is fully developed in the neonatal foal
(Fig. 5).

Palpation is essential to detect areas of apparent
pain, local temperature, muscle tone and symmetry,
joint extension and flexion, and tail tone among
other findings. Tactile stimuli results in brisk ex-
aggerated responses and reactions in normal foals
compared to older animals. Segmental (spinal) re-
flexes that can be evaluated in foals include cervico-
facial, cutaneous trunci, biceps, triceps, patellar,
gastrocnemius, flexor (withdrawal), anal, and peri-
anal (Fig. 6). In order to assess segmental reflexes
involving the thoracic and pelvic limbs, foals must
be in lateral recumbency and relaxed. It is not
possible to properly evaluate these in the standing
foal. Also, if the foal is in lateral recumbency but
thrashing or with increased muscle tone or rigidity,
evaluation and interpretation of reflexes will be
compromised, faulty, inaccurate, or simply not pos-
sible to perform. The cross-extensor reflex may or
may not be present in the neonatal period. If pres-
ent, it is not considered abnormal, and as the foal
ages, this reflex becomes inapparent. Extensor
thrust reflex can also be seen in normal neonatal
foals. Neonatal foals have a hypermetric gait that
becomes more coordinated by 3 days of age. Effects
of systemic disease, orthopedic disease, congenital
anomalies, motor deficits (from initiation of move-
ment by the cerebrothalamus [forebrain] all the way
to the nerves, neuromuscular junction, and muscle

Fig. 4. Dazzle reflex. Note the foal is blinking as a strong light

is applied to the eye.

Fig. 5. Auditory function. Note this auditory test (brainstem auditory evoked responses [BAERs]) in a neonatal foal (left) showing

no differences compared to that shown for adults (right). Top 2 tracings are left ear; bottom 2 tracings are right ear for both figures.
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as the executers), and weakness can result in recum-
bency. Cutaneous sensation can be evaluated to
investigate the presence or absence of sensory func-
tion. Nociception (conscious perception of pain) is
only evaluated if voluntary motor function is absent
or difficult to interpret. It is important to consider
congenital or hereditary disorders and other com-
mon neonatal diseases that might affect the overall
neurologic condition in foals. For examples see
Table 1.

3. Neuroanatomical Localization

There are 3 major divisions of the nervous system:
brain, spinal cord, and peripheral. These divisions
are further divided into various functional areas as
follows:

1. Brain
A. Cerebrothalamic
B. Brainstem
C. Cerebellum

2. Spinal cord (spinal cord segments): cervical
(C), thoracic (T), lumbar (L), and sacral (S)
A. C1–C5/C6
B. C6–T2
C. T3–L3
D. L4–S2
E. S1–S5
F. Caudal

Precise location of neurologic deficit or pathology
caudal to T3 could be challenging to further localize
at times if segmental reflexes cannot be examined
due to patient cooperation, increased muscle tone, or
in larger patients. However, alteration in cutane-
ous trunci reflex and alterations in skin sensation
can be helpful.

3. Peripheral
A. Nerve rootlets and roots
B. Ganglia
C. Nerves (motor and sensory)
D. Neuromuscular junction

a. Presynaptic
b. Synaptic
c. Postsynaptic (muscle membrane)

When localization to a specific or single area of the
functional areas of the nervous system is not possi-
ble, consider diffuse or multifocal localization. Do
not forget to evaluate the autonomous nervous sys-
tem: sympathetic, parasympathetic, and intrinsic
enteric. Sympathetic denervation of the head, for
example, presents as miosis, ptosis, protrusion of
the 3rd eyelid with eye lashes pointing down, in-
creased skin temperature and redness apparent in
foals with depigmented skin, and sweating of the
head due to vasodilation ipsilaterally. Parasympa-
thetic denervation of the head as a single problem is

Fig. 6. Segmental (spinal) reflexes. Note the foal has to be in lateral recumbency and relaxed. Whenever possible, support the

limbs to assess the reflexes to avoid weight bearing or increased muscle tone in the limbs tested. A, Triceps reflex, B, Patellar reflex,

C, Cross extensor reflex.
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extremely rare, but if it is present, functions such as
salivation and lacrimation would be reduced or ab-
sent and mydriasis would be observed. Lesions of
the intrinsic enteric system would result in ileus and
colic that, if congenital, are incompatible with life.

4. Functional Neuroanatomy

For more detail of functional anatomy, refer to
AAEP 2015 proceedings by Aleman.2

5. Localizing the Lesion Based on Functional Anatomy

Cerebrothalamus

One or more signs might be observed, such as be-
havior alterations (compulsive, bizarre, manic, and
vocalization), lack of mare bonding and udder seek-
ing, lack or delayed initiation of movement, central
blindness, wide circles ipsilateral to the lesion,
seizures, contralateral decreased nociception, and
contralateral proprioceptive deficits. Examples
of diseases that can cause these deficits include
hypoxic/ischemic encephalopathies, metabolic en-
cephalopathies (hyperammonia, sodium disorders,
hyperbilirubinemia [neonatal isoerythrolysis],
hypoglycemia [neuroglycopenia � low glucose
concentration in the brain]), bacterial meningoen-
cephalomyelitis, trauma, and hereditary epilep-
sies (Egyptian Arabian foals), among others.

Brainstem

Signs that might be observed when there is pathol-
ogy in this location include an altered state of con-
sciousness or mental status (obtunded, stuporous,
and comatose), altered sleep, multiple cranial nerve
deficits, and proprioceptive deficits. It is important
to note that cranial nerves have nuclei and tracts
within the brain (central components). All nerves
are always peripheral. A description of cranial
nerves is provided below. Vestibular nuclei are lo-
cated in the caudal brainstem; therefore, diseases
affecting the caudal brainstem could cause central
vestibular disease (i.e., infection and trauma).
Pathologic nystagmus, strabismus, ipsilateral head
tilt, ipsilateral leaning to one side, ipsilateral cir-
cling (small circles) to one side, and lack of balance
and incoordination (vestibular ataxia) are all signs
of vestibular disease. Proprioceptive deficits are
also observed with central vestibular disease.

Cranial Nerves

Responses, reactions, and reflexes can be evaluated
in the standing or recumbent foal. Cranial nerves
can be evaluated in order from I to XII or by func-
tional regions. The author prefers functional re-
gions starting with the sense of smell (subjective);
all eye functions (menace, palpebral fissure, palpe-
bral reflex, corneal reflex, dazzle reflex, pupillary
light reflex, adaptation to light and darkness, eye
globe position and retraction, physiologic nystag-
mus, and tear production); jaw/facial motor,
sensation, and symmetry; and eating/drinking (pre-T
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hension, suction, tongue tone and movement, and
gag reflex). For clarification, dazzle reflex is a sub-
cortical reflex that does not involve the brainstem.
To check for dazzle and pupillary light reflexes, a
strong light source must be used (Fig. 4). This sec-
tion does not include a full description of the central
components in the brainstem involved in cranial
nerve function. A brief description of functions as-
sociated with cranial nerves is provided below.

● Olfaction (smell): CN I, subjective evaluation
and interpretation.

● Menace response: CN II and VII, cerebral
cortex, and cerebellum.

● Palpebral fissure: CN III, VII, sympathetic
innervation.

● Palpebral reflex: CN V and VII (tap gently
the medial and lateral parts of the eyelids sep-
arately, the normal result is blinking).

● Trigeminal facial reaction/reflex: CN V and
VII (touch face, nasal mucosa, and inner
pinnae).

● Mastication: CN V motor part (mandibular
branch). Examine in older foals.

● Facial and nasal sensation: CN V (VII for
inner pinnae).

● Pupillary light reflexes (direct and indirect):
CN II and III.

● Corneal reflex: CN V, VI, and VII (avoid if
the horse has corneal disease or risk of
contamination).

● Eye globe position: CN III, IV, and VI (also
contribution of VIII, rule out extraocular
muscle disease or retrobulbar or periocular
mass). Upon head elevation, foals will have
mild ventral strabismus which is considered
normal.

● Eye globe retraction: CN VI.
● Tear production: CN VII (Schirmer’s test on

both eyes, compare).
● Physiological nystagmus: CN VIII vestibu-

lar. Both eyes should move with the direction
of the head movement in a synchronized
manner.

● Pathologic nystagmus, occurring at rest or
when the head is held in a certain position, is
an indication of vestibular disease (central or
peripheral).

● Audition: CN VIII cochlear (Fig. 5, auditory
function is fully developed in neonates and
similar to the adult horse).

● Gag reflex: IX, X, XI, XII (observe
swallowing).

● Cervical spinal musculature: CN XI.
● Tongue tone and movement: CN XII.

Cerebellum

Common signs of cerebellar pathology include inten-
tion tremors (tremors upon intended movement),
hypermetria of all limbs (more pronounced in the
thoracic limbs), ataxia, and plus or minus menace

deficits. Examples of diseases include cerebellar
abiotrophy in Arabian horses and cerebellar hyp-
oplasia. Dandy-walker syndrome is a congenital
malformation consisting of partial or complete ab-
sence of the cerebellar vermis, resulting in the afore-
mentioned signs. Cerebellar cysts have also been
seen by this author.

Spinal Cord

Deficits, such as general proprioceptive ataxia, pa-
resis, and upper motor neuron (UMN) or lower
motor neuron (LMN) signs, depending on location
within specific spinal cord segments, will be ob-
served. Sensory deficits include general proprio-
ceptive ataxia (manifested as incoordination and
body sway side to side) and proprioceptive deficits.
General proprioceptive ataxia is commonly known
as spinal ataxia. If ataxia is noted, rule out other
causes of ataxia, such as cerebellar or vestibular.
To determine the “type” of ataxia, look at the rest of
the neurologic status of the foal. Does the foal have
cerebellar (hypermetria, intention tremors, and lack
of menace response) or vestibular (pathologic nys-
tagmus, head tilt, body lean, and circling in the
direction of the head tilt) signs? If the answer is yes
to one of these, then you can answer the question.

Motor deficits include paresis (i.e., paraparesis,
hemiparesis, and tetraparesis) or paralysis (i.e.,
paraplegia, hemiplegia, and tetraplegia), UMN or
LMN signs, dysmetria, hypermetria (UMN) or hy-
pometria (LMN), and decreased muscle tone and
weakness (more profound with LMN). Segmental
reflexes might be decreased or absent if LMN are
involved. Sensory and/or motor deficits will be ob-
served depending on the location of injury within
the spinal cord. For example, compressive myelop-
athies present with a combination of sensory and
motor deficits, whereas neuroaxonal dystrophy pri-
marily affects sensory tracts within the spinal cord
in addition to brainstem nuclei.

Peripheral Nervous System

This includes all areas of the nervous system that
are outside the brain and spinal cord. Note that all
nerves are always peripheral (cranial nerves and
spinal nerves). Therefore, it is redundant to say
peripheral nerves. Cranial nerve deficits will be
those pertaining to specific nerves (described above).
Similarly, specific gait deficits will be observed de-
pending which nerves are affected in the thoracic
and pelvic limbs. The brachial and lumbosacral
plexuses are also part of the peripheral nervous
system (outside the spinal cord).

Neuromuscular System

The neuromuscular system has central (LMNs) and
peripheral (nerve rootlets, roots, ganglia, nerves,
and neuromuscular junction) components.6 Neuro-
muscular disorders can be diffuse or focal. Signs of
diffuse neuromuscular disease include generalized
weakness, difficulty supporting weight, paresis or
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paralysis, muscle fasciculations, and a tendency
to become recumbent. Dysphagia, dysphonia, la-
ryngeal collapse, and dyspnea could be clinical man-
ifestations of neuromuscular disease. Segmental
(spinal) reflexes can be decreased or absent in neu-
romuscular disease. An example of a common dif-
fuse neuromuscular disorder in foals is botulism.
Electrolyte derangements can affect the function of
nerves and neuromuscular junction. Ionized cal-
cium and magnesium are particularly important for
proper neurotransmission. Note that alterations in
pH affect the binding of calcium and magnesium to
proteins, resulting in a decrease or increase of avail-
able ionized calcium and magnesium. It is impor-
tant to practice caution with the use of drugs and
fluids that could further alter neuromuscular func-
tion if neuromuscular disease is present. For in-
stance, hypermagnesemia can cause similar signs to
botulism. Therefore, fluids containing magnesium
might not be the ideal type of therapy for foals with
botulism or other causes of neuromuscular weak-
ness. Examples of drugs that might contribute to
or exacerbate neuromuscular dysfunction include
procaine penicillin, lidocaine, tetracyclines, amino-
glycosides, erythromycin, and metronidazole, among
others. Focal LMN disease or neuropathies lead to
specific signs pertaining to the region affected, such
as specific gait deficits, decreased muscle tone, de-
creased or absent tendon reflexes, and focal muscle
atrophy.

Neuromuscular Disease of Critical Illness

Acquired neuromuscular dysfunction in the critical
care setting is a recognized problem in human medi-
cine, with an estimated prevalence of 46% in critical
patients. Acquired disorders include critical illness
myopathy, critical illness polyneuropathy, or a com-
bination of both. These disorders are associated
with sepsis, systemic inflammatory response syn-
drome, multi-organ dysfunction, and/or prolonged
mechanical ventilation. The clinical hallmark of
these is weakness. Weakness is a common clinical
sign in diseased neonatal foals, and recognition of
acquired neuromuscular disease might be challeng-
ing. An increased risk of acquired neuromuscular
disease has been associated with hyperglycemia and
mechanical ventilation for over 7 days. Dysregula-
tion of calcium and magnesium concentrations might
contribute to neuromuscular weakness. Such dys-
regulation has been reported in foals with septicemia,
endotoxemia, and gastrointestinal disease.

6. What Is Next?

Once it is determined that the foal has a neurologic
problem alone or concurrent with other illness, a diag-
nostic work up can be performed. The diagnostic ap-
proach should be tailored to the specific problem of the
foal and what is going to provide more information or
guidance for diagnosis, therapy, and prognosis in a
low-risk and cost-effective way. It is not necessary to

run all the tests available, and risks and benefits of
certain diagnostic aids must be considered (e.g.,
procedures that require anesthesia may be contrain-
dicated in severely compromised foals due to neuro-
muscular disease). A full description and indication
of diagnostic modalities are beyond the scope of this
text. A brief description is provided.

Full blood work (complete blood count, chemistry
panel, blood gases, and pH), and urinalysis should be
part of a minimum data base collection in critically ill
foals. Although myopathies will not be discussed
here, for the purpose of clarification, muscle enzymes
within reference values do not rule out a myopathic
disorder (e.g., hyperkalemic periodic paralysis disease
and myotonia congenita). Neuromuscular disorders
on which muscle enzymes may be elevated include
ionophores, organophosphate toxicity, and those asso-
ciated with tick infestation. Electrolyte analysis
must also include ionized calcium (Ca��) and magne-
sium (Mg��) because they are physiologically active
ions essential for neuromuscular homeostasis and
function. Cerebrospinal fluid collection for cytology,
biochemistry panel, serology, neural biomarkers, PCR,
and antimicrobial culture can be performed. Collec-
tion of cerebrospinal fluid must be performed closer to
the lesion to increase the chances of finding abnormal-
ities. Meningitis or meningoencephalomyelitis in neo-
natal foals is usually caused by pathogens causing
sepsis. Imaging such as radiography and ultrasonog-
raphy can be easily performed in the field. Other
imaging modalities include computed tomography and
magnetic resonance that are available in some referral
institutions. Electrophysiology, such as electroen-
cephalography, brainstem auditory evoked responses,
visual evoked potentials, retinography, repetitive
nerve stimulation, and electromyography have been
proven essential in the understanding of neurologic
and neuromuscular disease. However, these tech-
niques are only available in academic institutions.
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1. Introduction

Genetic testing typically involves the analysis of an
animal’s DNA to determine the individual’s geno-
type for an inherited disorder or trait. Genetic
testing may be used for permanent individual identifi-
cation and parentage determination. Breed regis-
tries, including the Thoroughbred Jockey Club and,
in certain instances, the American Quarter Horse
Association, now require such verification to ensure
the accuracy of their pedigrees. Genetic testing is
also used to test for specific diseases or traits. To
interpret genetic testing results for future breeding,
an understanding of the mode of inheritance is re-
quired. At this time, many of the genetic tests
available for horses are for an autosomal-recessive
disorder to determine whether an animal is a car-
rier. Carriers are usually phenotypically normal
but have the potential to produce diseased progeny.
Dominant disorders also exist in the horse and ge-
netic tests may be used to definitively diagnose af-
fected horses.

2. Materials and Methods

This presentation will focus on recently available
genetic disease tests specific to foals and yearlings in
the United States, including the five-panel genetic
test in the American Quarter Horse (QH) and Paint
Horse; lavender foal syndrome (LFS), cerebellar abi-
otrophy (CA), and occiptoatlantoaxial malformation

in Arabian Horses; dwarfism and hydrocephalus in
Friesians; hoof wall separation disease in Conne-
mara ponies; Warmblood fragile foal syndrome in
Warmblood foals; junctional epidermolysis bullosa
(JEB) in Belgian and Saddlebred foals; and immune-
mediated myopathy (IMM) in QH and QH-related
breeds.

3. Results

Five-Panel Genetic Test

The American Quarter Horse Association has man-
dated that all breeding stallions have a five-panel
genetic test on file prior to registration of foals re-
sulting from breedings after January 1, 2015. This
panel includes genetic tests for hyperkalemic periodic
paralysis (HYPP), glycogen branching enzyme defi-
ciency (GBED), hereditary equine regional dermal
asthenia (HERDA), type 1 polysaccharide storage my-
opathy (PSSM1), and malignant hyperthermia (MH).
As of 2018, the American Paint Horse Association also
requires breeding stallions to have the five-panel ge-
netic disease test results on file, plus lethal white foal
syndrome prior to the registration of their foals.

HYPP

HYPP is inherited as an autosomal-semi-dominant
trait and results in episodic weakness and paralysis.
Episodes typically last between 15 and 60 minutes
and horses may appear completely normal between
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episodes. Muscle fasciculations and sweating in
flanks, necks, and shoulders may be observed.
During severe attacks, horses may dog-sit or become
recumbent. Homozygous foals may demonstrate
respiratory stridor, dysphagia, or respiratory dis-
tress.1 The genetic etiology is a missense mutation
in the voltage-dependent skeletal muscle sodium
channel alpha-subunit (SCN4A).2 The mutation
results in failure of a subpopulation of sodium chan-
nels to inactivate when serum potassium concentra-
tions are increased. The excessive influx of sodium
and efflux of potassium results in persistent depo-
larization of muscle cells followed by temporary
weakness. Treatment includes feeding grain or
corn syrup to stimulate insulin-mediated movement
of potassium across cell membranes, acetazolamide
(3 mg/kg every 8–12 hours orally) or, in severe
cases, calcium gluconate, dextrose, or sodium bi-
carbonate administered intravenously. With se-
vere dyspnea, a tracheostomy may be required.
Long-term management includes regular exercise
and frequent turnout and feeding a balanced diet
containing between 0.6% and 1.1% to 1.5% total
potassium concentrations and meals containing
�33 g of potassium.3

GBED

GBED is inherited as an autosomal-recessive trait.
Clinical signs include stillbirth, transient flexural
limb deformities, seizures, and respiratory or car-
diac failure.4,5 GBED is caused by a nonsense
mutation in the glycogen branching enzyme gene
(GBE1).6 The mutation results in the inability to
create a branched structure of glycogen. As a re-
sult, cardiac and skeletal muscle, liver, and brain
cannot store or mobilize glycogen to maintain nor-
mal glucose homeostasis. There is no effective
treatment.

Hereditary Equine Regional Dermal Asthenia

Hereditary equine regional dermal asthenia (HERDA)
is inherited as an autosomal-recessive trait. Clini-
cal signs, including seromas, hematomas, open
wounds, or sloughing skin, are typically not evident
until about 1.5 years of age and are often associated
with initial saddling or trauma.7 Skin is often
loose and easily tented, primarily along the dorsum.
HERDA is due to a missense mutation in the cyclo-
philin B gene (PPIB).8 The mutation is hypothe-
sized to affect protein folding of collagens. There is
currently no targeted treatment for HERDA. Pre-
vention involves maintaining horses indoors and
away from other horses to prevent development of
progression of lesions.

PSSM1

PSSM1 is inherited as an autosomal-dominant trait
and affects QH-related breeds, in addition to draft
breeds, Rocky Mountain Horses, Tennessee Walking
Horses, Morgans, and Haflingers. Horses may be
asymptomatic or demonstrate signs of exertional

rhabdomyolysis.9 Draft breeds may demonstrate
muscle fasciculation and gait abnormalities. The
genetic mutation is a missense mutation in the gly-
cogen synthase 1 gene (GYS1).10 The mutation
results in unregulated glycogen synthesis and po-
tentially impaired aerobic glycogen metabolism.
For treatment of acute episodes, stall confinement
may be indicated for �48 hours. Hydration
status should be assessed and sedatives and anti-
inflammatories administered to well-hydrated
horses to relieve anxiety and pain. For the preven-
tion of future episodes, owners should follow a grad-
ual return to exercise, using incremental training
along with dietary management aimed at providing
adequate, but not excessive calories, by decreasing
glucose load (dietary starch �10% daily digestible
energy) and providing fat as an alternate energy
source (up to 13% of daily digestible energy).11

MH

MH is inherited as an autosomal-dominant trait and
only the heterozygous state has been described.
Clinical signs, including hyperthermia, lactic acido-
sis and muscle rigidity, are initiated by exposure
to halogenated anesthetics or upon stress/excite-
ment.12 Episodes may lead to death. The genetic
etiology is a missense mutation in the ryanodine
receptor type 1 gene (RYR1).13 The mutation re-
sults in excessive release of calcium into the myo-
plasm and a hypermetabolic state. To prevent an
episode, pre-treatment with dantrolene (4 mg/kg)
30 – 60 minutes prior to anesthesia is advised.14

During an episode, hyperthermia and acidemia
should be treated with alcohol, chilled intravenous
fluids with sodium bicarbonate, and mechanical
ventilation.

Arabian and Related Breeds

Genetic tests are currently being offered for four
genetic diseases in Arabians and Arabian crosses;
CA, LFS, occipitoatlantoaxial malformation, and se-
vere combined immunodeficiency (SCID).

CA

CA affects Arabians and carriers have been identi-
fied in Bashkir Curly Horses, Trakehners, and
Welsh ponies, most likely due to Arabian ancestry.
The mode of inheritance is autosomal recessive.
Clinical signs are consistent with a cerebellar
ataxia, including dysmetria, spasticity, wide-based
stance, intention tremors and a lack of menace re-
sponse, with an age of onset around 2.5 to 6 months
of age. The genetic etiology was discovered in 2011
as a missense mutation located in exon 4 of TOE1
(Target of EGR1) and approximately 1200 bp up-
stream from MUTYH (MutY Homolog).15 TOE1 is
expressed in the central nervous system, though not
at high levels in the cerebellum, and is involved in
cell cycle regulation. As the missense mutation
does not appear to cause a deleterious amino acid
change (arginine to histidine), its role in the devel-
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opment of the CA phenotype is the subject of ongoing
research. MUTYH is highly expressed in the cere-
bellum and encodes for a DNA glycosylase involved
in post-replicative repair in the nuclei of rapidly
proliferating Purkinje cells as well as DNA repair
due to oxidative damage of mitochondrial genomes.
There is no available treatment for CA.

LFS

LFS, also referred to as lethal LFS or coat color
dilution lethal, affects Egyptian lineage Arabian ne-
onates. Foals have a silver, pewter, lavender, or
pale chestnut (pink) coat color and demonstrate te-
tanic episodes with opisthotonus, paddling and ex-
tensor rigidity from birth.16 Foals cannot become
sternal or stand and suckling may be strong, weak,
or absent. Direct and indirect pupillary light re-
sponses are generally present, although ventral
strabismus and nystagmus may be observed. Re-
flexes may be present but result in an exaggerated
response characterized by increased paddling and ri-
gidity.16 It is unclear if paddling episodes are due to
seizure activity or attempts for the foal to stand, as
electroencephalograms have not been performed.
There are no specific clinicopathologic abnormalities,
unless other conditions are present. Radiographs of
skull and cervical spine are normal. A definitive di-
agnosis requires genetic testing. Treatment consists
mainly of supportive care. Diazepam and phenobar-
bital may provide temporary relief; however, whether
this is due to sedative or anticonvulsant effects of these
drugs is unknown. The clinical condition deterio-
rates despite treatment, necessitating euthanasia.

LFS is inherited as an autosomal-recessive trait
and was the first equine disease to have the molec-
ular genetic mutation mapped utilizing a single nu-
cleotide polymorphism (SNP)–based genome-wide
association study approach with the first-generation
equine SNP array.a,16 Six LFS-affected and 30
healthy relatives were genotyped and 14 highly sig-
nificant SNPs were identified on chromosome 1
spanning a region of 10.5 Mb. Homozygosity map-
ping further narrowed the region to a 1.6-Mb block
that was homozygous in all six affected horses and
heterozygous in obligate carriers. Ten genes fell
into this region, including one of the two candidate
genes for the disease, myosin Va (MYO5A). Se-
quencing of the 39 exons of MYO5A revealed a sin-
gle base pair deletion in exon 30, causing the
reading frame to shift and creating a premature stop
codon in the translation of exon 30. Based upon the
known function of the gene in other species and high
conservation across the mutated region, it is hypoth-
esized that the mutation impairs binding of myosin
Va to organelles with appropriate receptors, which
leads to the loss of vesicle traffic (melanosomes
and dendritic cargo) and interferes with the func-
tion of melanocytes and neurons.16 A genetic test
for LFS is available. This test can be used to de-
finitively diagnose LFS and determine carrier sta-
tus, especially of Egyptian lineage Arabian horses.

A possible relationship between LFS and juvenile
idiopathic epilepsy (JIE) has been postulated, as
both conditions occur in Arabian foals of Egyptian
breeding and overlap between mares producing both
LFS- and JIE-affected foals has been reported.
In a study investigating known genetic mutations of
Arabians, the MYO5A mutation was not found in 10
Egyptian Arabian foals with confirmed JIE via elec-
troencephalogram.17 The clinical presentation of
JIE and LFS is distinct. Foals with JIE demon-
strate seizures during the first year of life that spon-
taneously resolve at 1 year of age. By contrast,
seizures associated with LFS are present at birth
and foals cannot survive past a few days of age, even
with supportive care. Additionally, the dilute coat
color phenotype observed with LFS is not seen with
JIE. There is strong evidence that JIE is inher-
ited18 and two candidate genes were excluded.19

A recent publication documented a putative genetic
mutation for JIE,20 but this was disproven in a strin-
gently phenotyped population.21 Research into the
genetic etiology of JIE is therefore ongoing.

Occipitoatlantoaxial Malformation of Arabians

Familial occipitalization of the atlas with atlanta-
lization of the axis in Arabian horses leads to either
stillborn foals or foals with neurologic abnormalities
at birth. Clinical signs include symmetrical upper
motor neuron signs and general proprioceptive def-
icits. An extended neck posture may be observed,
with an audible “click” heard during neck movement
due to movement of the dens. A diagnosis can be
made using cervical radiography. For one variant
of Occipitoatlantoaxial Malformation of Arabians
(OAAM), a genetic test is available.22

OAAM is suspected to be inherited as an autosomal-
recessive trait in the Arabian breed. Familial
OAAM seen in Arabian horses is very similar to that
described in Hoxd3�/� mice, which are homozygous
for a targeted disruption of the homeobox containing
gene, Hoxd3.23 Mice homozygous for this mutation
demonstrate occipitilization of the atlas and atlan-
tization of the axis, an aspect of the phenotype that
is fully penetrant. The homeobox (HOX) gene clus-
ter is involved in the development of the axial and
appendicular skeleton. In 2017, whole-genome se-
quencing was performed in an OAAM-affected horse
and a 2.7-kb deletion was located 4.4 kb downstream
of the end of HOXD4 and 8.2 kb upstream of the
start of HOXD3.22 Both parents of the OAAM-
affected horse were heterozygous for the deletion
while the affected foal was homozygous. The dele-
tion was not found in 371 horses of other breeds.
While the variant was found in the carrier state in
two other unaffected Arabians, two additional Ara-
bian OAAM-affected foals did not have the 2.7-kb
deletion. An in-depth examination of the foals’
phenotypes revealed notable variation, including
cardiac deformities, and it is postulated that genetic
heterogeneity may exist across the HOXD locus in
Arabian foals with OAAM.22
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SCID

SCID is inherited as an autosomal-recessive trait in
Arabian horses. At birth, foals appear normal but
develop infections by 6 to 10 weeks postpartum
when colostral antibodies decline. The genetic mu-
tation is a 5-bp deletion resulting in a frameshift
mutation and a 967-amino-acid deletion in DNA-
protein kinase catalytic subunit (DNA-PKcs).24

The mutation results in the ability to recombine
particular gene segments in order to form coding
sequences of immunoglobulin and T-cell antigen re-
ceptor variable regions [i.e., V(D)J recombination].
SCID-affected foals lack both B and T lymphocytes.
Due to infection, SCID-affected foals typically die by
5 months of age.

Friesians

In the Friesian foal, there are currently two genetic
tests available: hydrocephalus and dwarfism.

Hydrocephalus

Friesian hydrocephalus affects Friesian fetuses and
foals, with no sex predilection. Affected Friesian
foals are aborted, stillborn, or born with severe neu-
rologic debilitation and cranial distention, often as a
dystocia. The phenotype is clinically apparent, and
radiographs can support a diagnosis. Definitive di-
agnosis can be achieved through genetic testing.
There are no treatment options available.

Hydrocephalus, an accumulation of cerebrospinal
fluid (CSF) within the central nervous system
(CNS), is rarely encountered in the horse. It is
associated with known genetic mutations in mice,
cattle, and humans. Friesian hydrocephalus is inher-
ited as an autosomal-recessive trait. In 2015, a
genome-wide association study of hydrocephalus in 13
affected Friesians and 69 control Friesians found that
a nonsense mutation (EquCab3.0 c.1423C�T) in exon
12 of the �-1,3-N-acetylgalactosaminyltransferase 2
(B3GALNT2) gene on chromosome 1 was associated
with Friesian hydrocephalus.25 The mutation is
identical to a B3GALNT2 mutation identified in a
human case of muscular dystrophy-dystroglycano-
pathy with hydrocephalus. B3GALNT2 is involved
in glycosylation of dystroglycans, which are present
in skeletal muscle but also in many tissues like the
brain, where it impacts morphogenesis and early
development. Immunohistochemical examination
of muscle biopsies from Friesians with hydrocepha-
lus would need to be performed to determine
whether muscular dystrophy is also present in these
horses. From this study, the estimated allele fre-
quency in Friesians was determined to be 8.5%.25

Genetic testing for hydrocephalus in Friesians is
available. Recently, the B3GALNT2 mutation was
identified in an aborted Belgian draft horse fetus.26

Further work is necessary to evaluate the inheri-
tance of hydrocephalus across other breeds.

Dwarfism

Dwarfism is inherited as an autosomal-recessive
trait in the Friesian. Clinical signs include dispro-
portionate dwarfism characterized by a severely
shortened stature, shortened limbs relative to over-
all body size, bowed forelegs, shortened neck and a
disproportionally large cranium. The genetic mu-
tation in Friesians is a splice site mutation in the
B4GALT7 gene.27

Other Breeds

Hoof Wall Separation Disease of Connemara
Ponies

Hoof wall separation disease is an autosomal-reces-
sive trait affecting Connemara ponies. Clinical
signs include separation and cracking of the outer
hoof wall. This can lead to ponies having to sup-
port their weight on the sole of the hoof instead of
the hoof wall, which, in some cases, can result in
chronic inflammation, severe lameness, and lamini-
tis. Affected ponies typically show clinical signs
within the first 6 months of life and all four feet are
typically affected. The genetic defect is a 1-bp in-
sertion in SERPINB11, leading to a premature stop
codon.28

Warmblood Fragile Foal Syndrome (Type 1)

Warmblood fragile foal syndrome type 1 is an
autosomal-recessive trait affecting Hanoverians,
Selle Francais, KWPN, Oldenburg, and West-
phalian horses. Clinical signs include hyperexten-
sible, abnormally thin, fragile skin and mucous
membranes that are subject to open lesions.29 Af-
fected horses may also have hyperextensible limb
joints, floppy ears, accumulation of fluid (hydrops),
subcutaneous emphysema, hematomas, and prema-
ture birth.30 The disease is present at birth and
affected newborn foals are euthanized shortly after
birth due to the poor prognosis of this untreatable
condition. The genetic defect is a missense muta-
tion in the equine lysyl hydroxylase gene (LH1), the
orthologous gene responsible for human cases of
Ehlers-Danlos syndrome VI.30

Junctional Epidermolysis Bullosa

Genetic testing for junctional epidermolysis bullosa
(JEB) became mandatory for Belgian stallions as of
November 1, 2002 and for breeding-age mares in
2015. This autosomal-recessive disease, caused by
a cytosine (C) insertion in exon 10 of the LAMC2
gene, is characterized by extensive and debilitating
blistering of the skin and mouth epithelium as well
as hoof sloughing. Affected foals eventually suc-
cumb to infection or are euthanized before 10 days of
age.31 The same mutation has also been found to
be associated with the JEB phenotype in other draft
horse breeds.32

Genetic testing is available for a second form of
JEB (termed JEB2) identified in the American Sad-
dlebred. This disorder is associated with a �6.5-kb
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deletion spanning exons 24 to 27 of the LAMA3 gene
that was identified exclusively in this breed.33

Immune-Mediated Myositis

Immune-mediated myositis of QH and QH-related
breeds is a semi-dominant trait leading to either
widespread muscle atrophy following an infection
or vaccination, or a nonexertional rhabdomyolysis.
In 2018, a missense mutation in myosin heavy chain
1 (MYH1) was associated with IMM in the QH.34

This mutation is also associated with nonexertional
rhabdomyolysis in this breed.35 Allele frequencies
were estimated to be 0.034 in the general QH pop-
ulation and highest among reining, working cow,
and halter horses and was not detected in the barrel
racing and racing QH’s subpopulations studied.36

4. Discussion

It is important to realize that no association or com-
mittee evaluates quality control of DNA tests that
are available in animals. Most tests are published
in the scientific literature not as tests, but as articles
describing the discovery of the mutation. In 2018,
the horse genomics research community developed a
consensus statement on the application of research
for commercial use, which may assist animal owners
and clinicians in choosing a laboratory for testing
and help in deciding which tests may be most appro-
priate (https://img1.wsimg.com/blobby/go/3ed25c45-
16f5-4198-9333-2dd4d2feeafa/downloads/1cq72554i_
382106.pdf?ver�1551977123053). Some key princi-
ples identified were that scientific discovery should be
reproducible and subject to the peer-review process
and clear differentiation should be made between
scientific developments, commercial opportunity, and
opinion.
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Hormones in Critically Ill Foals: The Good, the

Bad, and the Ugly

Ramiro E. Toribio, DVM, MS, PhD, DACVIM

Critical illness in newborn foals activates multiple endocrine systems, with the ultimate goal of

maintaining organ function to assure survival in the immediate post-natal period. Depending on the

disease process and foal maturity, endocrine dysregulation may develop, which can further impair

behavior, immunity, energy homeostasis, fluid and electrolyte balance, oxygen and nutrient delivery,

tissue differentiation, cell function, and the likelihood of survival. Therefore, a better understanding

of these endocrinopathies can improve preventative and therapeutic approaches to disorders of the

equine neonate. Some of this information is already improving therapeutics in hospitalized

foals. To move this field forward and enhance understanding on endocrine regulation and dysregu-

lation in the equine neonate, additional research will be needed to better elucidate the role of

factors for which some information is available, but in particular for systems for which knowledge

is minimal and could have clinical implications. Author’s address: College of Veterinary Med-

icine, The Ohio State University, College of Veterinary Medicine, Columbus, OH 43210;

e-mail: toribio.1@osu.edu. © 2020 AAEP.

1. Introduction

Prematurity, failure of transfer of passive immu-
nity, neonatal maladjustment syndrome (NMS)/
neonatal encephalopathy, and infections place the
equine neonate at a disadvantage, often resulting in
sepsis and death.1–8 Sepsis remains the main
cause of mortality in newborn foals, with a prognosis
for survival ranging from 35% to 60%.1–7 Critically
ill foals present to intensive care units with bacte-
remia, endotoxemia, evidence of systemic inflamma-
tion, hypotension, tissue hypoperfusion (1lactate),
energy dysregulation (2glucose), acid-base and
electrolyte abnormalities (acidosis, 2Na�, 2Cl�,
2Ca2�,2Mg2�), and organ failure (cerebral, renal,
intestinal, hepatic, pulmonary, immune).1–7 The
survival rate under these conditions is dictated by
the ability of various homeostatic systems to coordi-

nate and overcome these derangements. Unfortu-
nately, some foals remain refractory to aggressive
therapies and succumb to sepsis, in part due to
endocrine failure.

In foals, the maturation of a number of endocrine
systems occurs in late gestation and continues in the
early post-natal period.9–14 These adaptations are
accompanied by changes in the hypothalamus-
pituitary-adrenal axis (HPAA), energy metabolism,
and cardiovascular system.11–17 Research on hor-
monal dysregulation of critically ill foals has been
minimal, but advances are being made in under-
standing various endocrine systems in healthy and
sick newborn foals. It is reasonable to assume that
as knowledge of equine neonatal endocrine patho-
physiology improves, better therapeutic strategies
to reduce mortality will be developed.
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This document provides an overview of endocrine
imbalances of newborn foals, with emphasis on sep-
sis, dysmaturity, and NMS. Information about
many endocrine systems is lacking, but some prog-
ress with clinical value has been made in recent
years.

2. Adrenal Insufficiency

The HPAA represents a complex regulatory system
that modulates multiple physiological functions
(metabolism, pain, hunger, thirst, blood pressure,
autonomic activity, immunity, inflammation) as
well as the stress response. Under stress or phys-
iological needs, the hypothalamus secretes cortico-
tropin-releasing hormone and arginine-vasopressin
(AVP), which stimulate the pituitary gland (pars
distalis; adenohypophysis) to release adrenocortico-
trophic hormone (ACTH), which in turn acts on the
adrenal cortex to release cortisol. Cortisol regu-
lates energy metabolism, modulates immune and
inflammatory processes, and contributes to tissue
differentiation and function.

A disruption of the HPAA (adrenal insufficiency),
which results in inappropriately low cortisol concen-
trations could have negative consequences. In fact,
recent studies have shown that some critically ill
foals develop adrenal insufficiency, which is linked
to disease severity and mortality.7,12,18–21 Despite
disease severity, these foals do not have the ex-
pected increased cortisol secretion (normal � 1 to 70
�g/dL)12,22,23 and the cortisol response to exogenous
ACTH stimulation is poor (relative adrenal insuffi-
ciency [RAI]).12,19,24 A more recently adopted term
for RAI is critical illness-related corticosteroid insuf-
ficiency, which, in addition to endocrine abnormali-
ties, also takes into consideration clinical findings,
an exaggerated pro-inflammatory response, and tis-
sue refractoriness to corticosteroids.25,26 A number
of foals with RAI also have low aldosterone concen-
trations (normal � 55–1175 pg/mL),12,18,22 which
could contribute to hypovolemia, tissue hypoperfu-
sion, and electrolyte abnormalities.

Clinical Relevance

Abnormally low corticoid concentrations in sick foals
could exacerbate the systemic inflammatory re-
sponse, reduce tissue perfusion, disrupt energy ho-
meostasis, and alter a number of tissue functions.
This opens the question on the justification of re-
placement therapy. Glucocorticoid therapy can be
considered in critically ill foals with endocrine or
clinical evidence of RAI, including tissue hypoperfu-
sion, poor response to vasopressors, persistent hypo-
glycemia, and protracted hyperkalemia associated
with hyponatremia. In foals with evidence of dys-
maturity, glucocorticoid therapy can be beneficial to
promote tissue differentiation and function. Hy-
drocortisone (cortisol) is the preferred glucocorticoid
because it is an endogenous steroid with a short
half-life in foals (0.43 hours),27 but dexamethasone
or prednisolone are valid alternatives, although

their stronger immune-suppressive effects should be
taken into consideration depending on the underly-
ing disease process (septicemia, bacteremia, prema-
turity). A tapering course of hydrocortisone (1.3
mg/kg/day divided q4h IV) may have beneficial anti-
inflammatory effects without major immune sup-
pression in sick foals.21 Glucocorticoid therapies
have not been prospectively evaluated in foals with
RAI to further support their potential benefits.
Therefore, recommendations are based on the cur-
rent understanding of perinatal diseases and endo-
crine dysregulation.

3. Progestogens

Progestogens include pregnenolone, progesterone,
17�-hydroxyprogesterone, 5�-dihydroprogesterone,
and allopregnanolone. Progesterone concentra-
tions in healthy newborn foals (range � 0.2 to 30
ng/mL) are similar or higher than values measured
in mares in their luteal phase and throughout preg-
nancy.12,28,29 The adrenal gland and gonads are
the main source of progestogen precursors (preg-
nenolone) in the equine fetus, which are further
metabolized to other steroids by the placenta. The
fetal adrenal gland and gonads also produce large
quantities of dehydroepiandrosterone, which is used
by the placenta to produce androgens and estrogens.
However, information in sex steroids in healthy and
sick foals remains scarce.29 Days before foaling
there is an adrenal shift from progestogen to gluco-
corticoid synthesis, reflected as a drop in progesto-
gens with a parallel increase in fetal ACTH and
cortisol concentrations, indicating maturation of the
HPAA.8 This maturation is essential for foal sur-
vival (tissue perfusion, energy homeostasis, tissue
differentiation). Interference with fetoplacental or
adrenocortical function could keep progestogen con-
centrations elevated, delaying the neonate post-
partum arousing response, with implications to fetal
to neonatal transition and adaptation to extrauter-
ine life.8,19,30,31 Progestogens have sedative effects
because they activate gamma-aminobutyric acid
(GABA) type A (GABAA) receptors, similar to diaz-
epam and barbiturates, which could explain the le-
thargic behavior or disorientation developed by
some sick newborn foals.31 Moreover, increased
progesterone concentrations during hospitalization
is a consistent finding in septic foals, which is linked
to severity of illness and mortality.12,19,29,30,32 In
other words, progesterone concentrations in hospi-
talized foals could have prognostic value.

Allopregnanolone, which is a progesterone metab-
olite and a potent GABAA receptor agonist, has sed-
ative effects in foals.31 Recent studies have shown
that septic foals and foals with evidence of NMS
often have abnormally elevated progestogen concen-
trations.8,12,19,30 One can speculate that by activat-
ing GABAA receptors, this could contribute to
lethargy, disorientation, and abnormal behavior in
these foals. The use of 5�-reductase inhibitors (fi-
nasteride, dutasteride) to block the synthesis of al-
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lopregnanolone has been used anecdotally by some
practitioners to treat NMS foals with mixed results.

If progestogens contribute to disorders in the
equine neonate, this opens the question as to
whether exogenous progestogens such as altreno-
gest could alter the endocrine balance in foals.
A recent study showed that septic foals born to al-
trenogest-treated mares have lower ACTH and
higher progesterone concentrations than those born
to untreated mares29; however, no association with
survival was found.

Clinical Relevance

Increased concentrations of progestogen (progester-
one in particular) is a frequent finding in critically ill
foals; however, it remains unknown whether they
contribute to disease progression or reflect severity
of disease and organ dysfunction. Elevated proges-
togens may play a role in the pathogenesis of NMS
and could have prognostic value.

4. Energy Homeostasis

The energy regulatory systems are complex and com-
prise multiple axes (pancreatic, enteroinsular, soma-
totropic, orexigenic, thyroid, HPAA). A number of
organs/cells with endocrine function are involved in
energy homeostasis, including the pancreas (�- and
�-cells), fat (adipocytes), hypothalamus, pituitary
gland (pars distalis), adrenal gland (medulla and
cortex), stomach (glandular cells), intestine (L and K
cells), thyroid gland (follicular cells), liver (hepato-
cytes), and bone (osteoblasts). Disorders of energy
regulation are common in critically ill foals. De-
spite the clinical significance of energy dysregula-
tion in sick foals, just recently some hormones
involved with energy metabolism were investigated
in hospitalized foals.9,33–36

Hypoglycemia is more frequent than hyperglyce-
mia, and both are linked to mortality.9,37 Septic
foals often have low insulin,9,33 but increased gluca-
gon and triglyceride concentrations,9 which likely
reflects their metabolic balance and energy needs.
The main function of glucagon is to increase blood
glucose concentrations by promoting gluconeogene-
sis and glycogenolysis, which in sick foals could be
seen as an appropriate response. The low insulin
concentrations in septic foals is likely a response to
hypoglycemia; however, in foals with hyperglyce-
mia, low insulin values should be considered inade-
quate. These are the foals that could not regulate
glycemia and may require insulin therapy. This is
also an indication of disease severity that often re-
sults in death.

The enteroinsular axis (EIA) is comprised of intes-
tinal factors that stimulate the pancreas to secrete
insulin. These include glucose-dependent insulino-
tropic polypeptide and glucagon-like peptide 1 se-
creted by K and L cells, respectively. These factors
are also known as incretins and represent the basis for
the new generation of drugs used to treated diabetes in
people. The EIA seems to be more important than

glucose in promoting insulin secretion.38 Horses
have a functional EIA and it has been proposed that
increased EIA activity may contribute to the patho-
genesis of equine metabolic syndrome.39 It has been
shown that the dynamics of the EIA in healthy new-
born foals is different from horses, likely due to their
diet (type and composition) and perhaps influenced by
other endocrine factors in the immediate post-partum
period.36 Information on the EIA in healthy and sick
foals is lacking. A recent study found that some sep-
tic foals have high glucagon-like peptide 1, but low
insulin concentrations, despite their normo- to hyper-
glycemia.40 This indicates a “disconnect” between
the intestine (incretins) and insulin secretion, which
could explain glucose intolerance in some severely ill
foals (e.g., hyperglycemia in premature or septic foals).

The somatotropic axis consists of growth hormone
(GH) from the pituitary gland, insulin-like growth
factor 1 (IGF-1), mainly produced by the liver, and
ghrelin from the stomach. The peripheral actions
of GH are mediated IGF-1, therefore, an increase in
GH should be followed by elevations in IGF-1 levels.
Ghrelin is produced by gastric glandular cells in
response to anorexia to promote hunger, but is also
a potent GH secretagogue. Critically ill foals often
have increased concentrations of GH,35 but reduced
levels of IGF-1, suggesting abnormal somatotropic
axis signaling. This phenomenon has been termed
“somatotropic axis resistance,”35 which appears to
be similar to insulin resistance in horses, but its
clinical implications remain to be elucidated. This
is supported by the fact the same foals with high GH
also have increased ghrelin concentrations, indicat-
ing that the pituitary component of the axis is func-
tional. Therefore, the evidence points at impaired
signaling at the hepatocyte level. This is likely a
consequence of systemic inflammation or endotox-
emia, which are frequent findings in septic foals.

Leptin is an adipocyte-derived hormone (adipo-
kine) considered to be the main regulator of satiety
(anorexigenic factor; high leptin suppresses hun-
ger) and its blood concentrations correlate with
total body fat in horses, humans, dogs, and other
species.41 Leptin increases insulin sensitivity in
different species. In newborn foals, leptin con-
centrations rise after birth to decline few days
later.42 No differences in blood leptin concentra-
tions were found between healthy and sick foals.9

However, leptin concentrations were lower in sep-
tic foals that died.9 Information on this factor in
foals remains minimal to determine its role in
energy metabolism during health and disease.

Adiponectin is another adipocyte-derived peptide
hormone, which is negatively correlated with body
fat mass in horses and other species, but also in-
creases insulin sensitivity.41,43 Adiponectin pro-
motes the cell membrane translocation GLUT4,
increases glycolysis and fatty acid oxidation.41

In neonatal foals, blood adiponectin concentrations
were not different between healthy, sick non-septic,
and septic foals.44 Therefore, its role in the patho-
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genesis of energy dysregulation and systemic in-
flammation in the equine neonate remains to be
elucidated.

Clinical Relevance

Critically ill foals often develop hypoglycemia due to
energy deprivation, minimal energy reserves, bacte-
remia, or endocrine dysregulation. In foals with
hypoglycemia or under a negative energy balance,
low insulin, high glucagon, and high triglyceride
concentrations indicate a proper homeostatic re-
sponse to restore energy balance9; however, a failure
of these mechanisms could be detrimental. In sick
foals with persistent hyperglycemia (when blood
glucose concentrations remain elevated for hours
without minimal to no energy supplementation),
reduced insulin secretion rather than insulin resis-
tance should be suspected.9,33 Insulin resistance
does occur in critically ill foals, but recent studies
have shown that most septic foals have low insulin
concentrations.9,33 In these cases, insulin replace-
ment therapy to restore glycemia should be consid-
ered. Care should be taken with insulin
administration to newborn foals because most are
insulin sensitive and hypoglycemia may develop.
It is advisable to use continuous-rate infusions (CRI)
over intravenous or subcutaneous administration,
with some exceptions (e.g., severe hyperglycemia).
The recommended starting CRI for regular insulin
is 0.0025 to 0.01 IU/kg/hour with steady increases
every 2 to 4 hour to 0.2 IU/kg/h, even higher until
normoglycemia is restored.45–49 Glucose concen-
trations must be monitored closely to avoid hypogly-
cemia. It is important to mention that the concept
of hyperglycemia and its implications differ between
sick and healthy foals. Glucose concentrations of
200 to 250 mg/dL (11.1–13.9 mmol/L) in healthy
foals can be normal, in particular after nursing, but
in septic foals, these values are abnormal, in partic-
ular when receiving enteral feeding, parenteral dex-
trose or parenteral nutrition. Hyperglycemia in
these animals is a consequence of endocrine dys-
regulation, organ dysfunction, or iatrogenic.

Incretin analogs to enhance insulin secretion have
not been evaluated in horses or foals; however, they
have become central to diabetes management in
people and cats. The functionality of the EIA in
healthy foals suggests that incretins could be a ther-
apeutic alternative to insulin in sick foals with per-
sistent hyperglycemia.

5. Thyroid Hormones

Thyroid hormones (THs) modulate cell growth, dif-
ferentiation, thermogenesis, and energy metabo-
lism. THs also influence the differentiation of
other endocrine systems (adrenal gland, pancreas).
Therefore, THs are essential for fetal development
and subsequent survival. The secretion of THs is
under the control of the hypothalamic-pituitary-
thyroid axis. THs are produced by the follicular
cells of the thyroid gland. THs include total T4,

free T4, total T3, free T3, and reverse T3. Of these,
free T3 is the active hormone. The secretion of THs
is influenced by a number of factors, including age,
physiological status, season, caloric intake, exoge-
nous compounds, and diseases. Due to their pleio-
tropic functions, it is reasonable to assume that low
TH concentrations in the developing fetus and new-
born foal could have negative consequences. This
is evident in foals with congenital hypothyroidism,
which have musculoskeletal anomalies (tendon rup-
ture, bone dysgenesis, angular/flexural deformities),
prognatism, respiratory failure, inappropriate ner-
vous tissue development, as well as other abnormal-
ities. Recent studies have shown that premature,
septic, and maladjusted foals often have low TH
concentrations that are linked to disease severity
and mortality.35,50,51 Low thyroid hormone concen-
trations during critical illness does not equate to
hypothyroidism. This condition is known as “eu-
thyroid sick syndrome,” but in human medicine the
term, “non-thyroidal illness syndrome,” is preferred.
The clinical relevance of NTIS remains unclear.

Clinical Relevance

Low TH concentrations in sick newborn foals are
associated with disease severity and mortality,
which supports their importance in tissue develop-
ment and differentiation. The value of TH replace-
ment therapy has not been evaluated in hospitalized
foals, but should be considered in foals with evi-
dence of dysmaturity and severe sepsis. This
subject remains controversial in human intensive
care medicine.

6. Calcium and Magnesium

Total calcium (TCa) in circulation exists bound to
proteins (albumin), in a free/ionized form (Ca2�),
and chelated to anions (lactate, bicarbonate, citrate).
Calcium has multiple functions and its extracellular
concentrations are regulated by parathyroid hor-
mone (PTH), calcitonin, and 1,25-dihydroxyvitamin
D3 (1,25(OH)2D3; calcitriol). Low Ca2� stimulates
PTH secretion, which promotes renal reabsorption
of Ca2�, synthesis of 1,25(OH)2D3, as well as bone
resorption. Calcitriol inhibits parathyroid cell
function and PTH secretion. Blood concentrations
of TCa and Ca2� are lower in foals (TCa � 10 to 13
mg/dL; Ca2�

� 4.1 to 7 mg/dL) than horses (TCa �

11 to 13.2 mg/dL; Ca2�
� 5.8 to 7 mg/dL),52–56 which

is important to know when assessing normal from
abnormal or using horse-specific reference ranges.
While TCa is reported in most biochemistry profiles,
Ca2� is seldom measured in foals. Foals with hy-
poproteinemia can have low TCa concentrations, but
not have clinical hypocalcemia because Ca2� concen-
trations are normal.55,57 The same principles ap-
ply to magnesium (below).

Hypocalcemia is frequent in critically ill equine
patients (foals and horses).7,56,58 In foals with sep-
sis, hypocalcemia could lead to a number of abnor-
malities in other body systems (ileus, dysrhythmias,
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hyperexcitability, seizures). Most foals with hy-
pocalcemia have an appropriate PTH response.
However, there are few foals with low PTH (inap-
propriate secretion).53,54,58 There are also foals
with an exaggerated PTH secretion, which could be
reflecting low vitamin D levels (see vitamin D sec-
tion below).54,58

Other conditions associated with calcium dys-
regulation in newborn foals include idiopathic
hypocalcemia and hypercalcemia/asphyxia syn-
drome. Idiopathic hypocalcemia refers to foals
born hypocalcemic or that develop signs of hy-
pocalcemia in the immediate post-partum period,
are refractory to medical treatment, can be hypo-
magnesemic, and usually die.55 A putative gene
mutation for this condition was recently identified
in Thoroughbred foals and this disorder was re-
named equine familial isolated hypocalcemia.59

Hypercalcemia of unknown reasons (idiopathic hy-
pocalcemia) has been reported in a subset of sick
foals. Some of these foals have a history of pla-
cental disease, dystocia, or perinatal asphyxia.

Total magnesium (TMg), similar to TCa, exists
bound to proteins, free/ionized (Mg2�), and chelated
to anions.60 Functions of magnesium include ion
transport, energy generation/use, nucleic acid syn-
thesis, neuromuscular excitability, and calcium ho-
meostasis. Measurement of blood TMg and Mg2�

concentrations is becoming more common, in part
result of the increasing awareness of magnesium
disorders in horses and foals. Blood concentrations
of TMg and Mg2� tend to be similar between foals
(TMg � 0.54 to 1.1 mmol/L; Mg2�

� 0.46 to 0.8
mmol/L) and horses (TMg � 0.53 to 1.2 mmol/L;
Mg2�

� 0.46 to 0.8 mmol/L).52,53,56,60,61

Hypomagnesemia is frequent in septic foals, but
rarely diagnosed because it is not reported in most
chemistry profiles or considered a problem by clini-
cians.53,60 Low magnesium could interfere with
calcium homeostasis and energy regulation.57,60

Clinical Relevance

Parenteral calcium supplementation is rarely done
in critically ill foals, but should be considered in
severe hypocalcemia A standard treatment protocol
is to add 10 to 20 mL of 23% calcium gluconate per
liter of parenteral fluids and administer as a CRI
or intermittent boluses.55 Measurement of Ca2�

and Mg2� concentrations is recommended to adjust
dosing. Intravenous administration of magnesium
sulfate (MgSO4) is indicated for hypomagnesemia,
refractory hypocalcemia, extended fasting, pro-
longed fluid therapy, and electrolyte abnormalities
associated with parenteral nutrition and hypergly-
cemia (hypokalemia, hypophosphatemia, hypomag-
nesemia). It is also used to treat neurological
disorders such as NMS and brain trauma.8,60 A
CRI of MgSO4 (40 to 60 mg/kg/IV, loading dose; 50 to
150 mg/kg/day/IV, CRI) is the best way to supple-
ment magnesium to hospitalized foals.8,60 One
practical approach is to add 2 grams of MgSO4 per

liter of isotonic solution and administer intermit-
tently (500 to 1000 ml/IV, every 4 to 6 hours).

7. Vitamin D

Vitamin D derives from dietary sources (vitamin D2 or
ergocalciferol from fungi and plants; vitamin D3 or
cholecalciferol from animal-based diets) and from cu-
taneous activation of 7-dehydrocholesterol. Vitamin
D3 (cholecalciferol) is synthesized in the skin after
photolytic cleavage of 7-dehydrocholesterol. Subse-
quently, cholecalciferol is converted in the liver to 25-
hydroxyvitamin D3 [25(OH)D3] by 25-hydroxylase,
which is transported to the kidneys to be converted by
1�-hydroxylase to the active metabolite, 1,25(OH)2D3

(calcitriol). Vitamin D2 (ergocalciferol) is a major
source of vitamin D for horses55,62; however, its rele-
vance in foals, based on their type of diet, remains
unclear. Once in circulation, ergocalciferol follows
the same processing steps as cholecalciferol in the liver
and kidney. Hepatic activation of vitamin D is poorly
regulated and blood levels of 25(OH)D reflect total
body stores.55 In contrast, renal activation of
25(OH)D to 1,25(OH)2D is highly regulated by PTH,
calcium, phosphorus, fibroblast growth factor-23
(FGF-23), and 1,25(OH)2D.55 Therefore, 1,25(OH)2D
concentrations reflect daily homeostatic adjustments
more than the vitamin D status.

Vitamin D promotes intestinal absorption and
renal reabsorption of calcium and phosphorus,
modulates bone remodeling, and suppresses PTH
synthesis. Other functions of vitamin D include
immune modulation, antimicrobial actions (via
cathelicidins and �-defensins; both antimicrobial
peptides), anti-inflammatory properties, epithelial/
endothelial integrity, and energy metabolism. Vi-
tamin D concentrations are lower in healthy foals
(25[OH]D � 9.3 to 22 ng/mL) compared to horses
(25[OH]D � 14.3 to 37.2 ng/mL).54,63

Hypovitaminosis D is highly prevalent in criti-
cally ill foals and associated with mortality.54,58

Dysregulation of the FGF-23/klotho axis seems to
contribute to the pathogenesis of hypovitaminosis D
in sick foals.58 Septic foals have high concentra-
tions of FGF-23, which is a potent inhibitor of 1�-
hydroxylase, the enzyme responsible for vitamin D
activation in the kidney.

Due to its pleiotropic actions, vitamin D deficiency
could contribute to hypocalcemia, bone abnormali-
ties, epithelial disruption, loss of endothelial integ-
rity, bacterial infections due to reduced antibacterial
peptides, impaired immune response, energy dys-
regulation, and a pro-inflammatory state (relevant
to sick foals). This opens the question as to
whether vitamin D replacement therapy should be
investigated in hospitalized foals. In human med-
icine, there are a number of clinical trials evaluating
the benefits of vitamin D therapy in critically ill
adults and children.64,65
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Clinical Relevance

Based on recent studies in foals54,58 as well as con-
trolled human trials,64,65 there is a valid justifica-
tion to evaluate the potential benefits of vitamin D
therapy in sick newborn foals.

8. Other Endocrine Systems

Recent studies in newborn foals have docu-
mented dysregulation in other endocrine sys-
tems;14,22,58,66,67 however, their clinical implica-
tions remain to be elucidated.

The renin-angiotensin-aldosterone system (RAAS)
is activated in most critically ill hypotensive foals,22

which is an adequate response to improve intravas-
cular volume and tissue perfusion. Foals with very
cold extremities and a poor RAAS response are less
likely to survive.22,68 The RAAS and HPAA are
highly interactive systems and factors from one
can activate the other. As mentioned in the HPAA
section, a subset of septic foals with RAI have low
cortisol and aldosterone secretion,7,12,18,19,22,23

which directly and indirectly impairs tissue perfu-
sion and organ function. Vasopressin (AVP; anti-
diuretic hormone) is a potent vasopressor and its
concentrations are increased in most critically ill
foals7; however, low concentrations could contribute
hypovolemia, tissue hypoperfusion, and foal mortal-
ity.18 In fact, AVP and analogs are used to increase
blood pressure and tissue perfusion in septic
foals.7,49 It has been shown that adrenomedullin, a
potent vasodilator, can be increased in critically ill
foals.66 This, combined with reduced vasopressors
(angiotensin-II, vasopressin), can further impair
the effective circulating blood volume and organ
function.

Catecholamines have a multitude of functions;
they are essential in the transition from intra-
uterine to extra-uterine life, energy regulation, car-
diovascular activity, and tissue perfusion. Some
data on adrenaline and noradrenaline is available in
healthy foals,14 but not much in sick ones. For
example, the sympathoadrenal response to stress
(e.g., insulin-induced hypoglycemia) in equine fe-
tuses at the end of gestation is noradrenergic, while
in the post-partum period it is mainly adrenergic.14

Considering that noradrenaline is more effective be-
fore birth, it has been proposed to be the vasopressor
of choice for premature and critically ill foals.14

One study found minimal differences in atrial na-
triuretic peptide (ANP) in hospitalized foals com-
pared with horses.67 The main function of ANP is
to increase renal excretion of sodium; however, the
clinical relevance of this peptide in sick foals re-
mains to be determined.

The FGF-23/klotho axis is a recently described
system with central functions in calcium, phospho-
rus, vitamin D, and PTH regulation.69 FGF-23 is
considered the main phosphorus-regulating hor-
mone and is secreted by osteocytes and osteoblasts
in response to 1,25(OH)2D, PTH, and phosphorus
concentrations.55,69 It promotes renal phosphorus

excretion by decreasing its renal reabsorption and
suppressing 1�-hydroxylase activity, therefore,
1,25(OH)2D synthesis. It also inhibits PTH synthe-
sis and secretion. Klotho is a transmembrane pro-
tein that is also found in circulation and functions as
the co-receptor for FGF-23.69,70 It was recently
shown that critically ill foals have increased FGF-23
and reduced klotho concentrations that are linked to
hypovitaminosis D, disease severity, and mortal-
ity.58 In human medicine, there has been extensive
research on the FGF-23/klotho axis, showing that it
has major clinical and prognostic implications, in
particular in renal and cardiovascular disease.69,70

9. Take-Home Message

● The central goal of the endocrine systems in
the developing equine fetus and neonate is to
promote tissue differentiation and maintain
homeostasis to assure survival in the transi-
tion from a protected intrauterine environ-
ment to the challenges of extrauterine life.

● Endocrine dysregulation is frequent in criti-
cally ill foals, often associated with disease
severity and outcome. While information for
some endocrine factors is available, data for
most is lacking, and their interplay could be
central to disease progression and survival.

● Endocrinopathies during critical illness con-
tribute to imbalances of behavior, energy,
fluid and electrolytes, oxygen and nutrient
delivery, immunity, inflammation, cardio-
vascular function, neuromuscular activity,
and tissue differentiation, ultimately reduc-
ing the odds of survival if homeostatic sys-
tems fail or therapies are not implemented
timely and appropriately.

● Additional research on endocrinopathies im-
pacting the newborn foal (e.g., sepsis, dysma-
turity, maladjustment syndrome) could
have preventative, therapeutic, and financial
implications.
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1. Introduction

Gastrointestinal failure is associated with a variety
of disorders in foals. Failure of this organ system
may manifest as diarrhea, ileus, abdominal pain,
obstipation, and weight loss. Clinical syndromes
associated with gastrointestinal failure include en-
teritis, colic, meconium impactions, gastric reflux,
and necrotizing enterocolitis. The following will re-
view the pathogenesis, clinical manifestation, diag-
nosis, and treatments for equine neonatal diarrhea.

Infectious causes of enteritis in neonates include
Rotavirus, Coronavirus, Salmonella, Clostridium
perfringens A and C (C. perfringens), Clostridium
difficile (C. difficile), Campylobacter, Enterococcus
durans (E. durans), Bacteroides fragilis, and Rhodo-
coccus equi.

2. Rotavirus

Foals are most susceptible to viral diarrheas during
the neonatal, perinatal, and suckling periods by vir-
tue of being immunological naïve.1 Rotavirus is a
genus within the family Reoviridae. By electron
microscopy, the viruses are noted to be about 70 to
80 nm in size and look like wheels (rota is derived
from the latin word “wheel”) with short spokes radi-
ating from a wide central hub. Rotaviruses are all
double stranded, ribonucleic acid (RNA), non-envel-

oped viruses. Rotavirus is subdivided into several
groups (A through G) based on differences in the
group specific inner capsid protein, VP6. There are
three rotavirus groups (A, B, and C) that cause
disease in humans compared to only 1 group that
affects the equine species (Group A).2 Equine rota-
virus can be further subdivided using neutralizing
antibodies to the VP4 and VP7 outer capsid proteins
into P (proteinase sensitive, VP4 positive) and G
(Glycoprotein, VP-7 positive) serotypes.3 Five P se-
rotypes (P1, P6, P7, P12, and P18) and eight G
serotypes (G1, G3, G5, G8, G10, G13, G14, and G16)
have been identified in horses.3 In 2017, Dr. Udeni
Balasuriya processed 108 diarrhea samples from
foals � 6 months of age located at 38 farms in
Central Kentucky, and 23/108 (21%) of the diarrheal
samples were positive for Equine Rotavirus Type A.4

Further assessment detected that 17/23 (74%) were
the G14 Strain, 6/23 (26%) were the G3 Strain, while
one foal was coinfected with both. Previous studies
conducted in Kentucky noted that 100% of the
Equine Rotavirus Type A were the G3 Strain. This
is particular disturbing because various genetic and
antigenic variants of G3 and G14 are circulating in
the horse population in Central Kentucky, and they
significantly differ from the vaccine strain currently
used in the field.
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Clinical Signs

Clinical signs of disease have been reported only
among foals � 6 months old and most often among
foals � 3 months old.5 Signs include diarrhea, leth-
argy, anorexia, and abdominal tympani. A 3-year
study of horse farms in central Kentucky during the
1980s noted that rotavirus was the most common
cause of diarrhea in foals.5 Rotavirus is species
specific with an incubation period of 1 to 2 days.
The virus invades the intestinal epithelium on the
sides and the tips of the villi. The brush border
epithelium of the small intestine synthesizes disac-
charides to monosaccharides (glucose and galac-
tose), which are absorbed in the gut. Destruction of
the brush border villi results in decreased lactase
formation, which results in lactose not being di-
gested. This sugar remains in the lumen of the gut,
osmotically attracting more fluid. This effect is
compounded as bacteria in the large intestine fer-
ment the lactose into acetate, propionate and bu-
tyrate, which increase osmolality of the colonic
contents.6

Foals infected with rotavirus may shed the virus
for up to 10 days.7,8 Some horses may shed the
virus for up to 8 months. The virus can persist in
the environment for up to 9 months.8

Diagnosis

Diagnosis requires detection of the virus in feces.
The tests include electron microscopy, enzyme-
linked immunoassay (ELISA), polymerase chain
reaction (PCR), and latex agglutination virogen ro-
tatest.a In a recent study by the author it was
noted that when comparing the human specific ro-
tavirus antigen detection (Rotatest) with an equine
specific real-time PCR (IDEXX Equine Diarrhea
Panel RealPCR™) we uncovered the inadequacy of
using some human diagnostic tests in veterinary
medicine (false negatives). Analysis of 35 samples
with the human specific rotavirus immunoassay
resulted in no positive results. Within that group
of samples, 13 tested positive by real-time PCR.
Real-time was confirmed by resequencing VP4 and
VP7 genes with outside primers. Sequences
showed 98% identities to equine rotavirus isolates
deposited in GenBank. These results suggest that
the immunoassay with human specificity may not
detect some of the equine isolates.

Treatments

Treatments are generally empirical and symptom-
atic including precautionary antibiotics and anti-
ulcer medications (Carafate, 1 gram per 50-kg body
weight PO q6h and/or omeprazole, 1 to 4 mg/kg PO
q24h). Lactaseb 6,000 food chemical codex lactase
U/50 kg PO q3-8h for 10 to 14 days have been used
to improve digestion of milk lactose. Antidiarrheal
medications such as bismuth subsalicylate (1 to 3
mL/kg PO q24h to q6h) may help reduce bowel in-
flammation and provide for secondary toxin absorp-
tion and resorption when combined with activated

charcoal (1 gram/kg q24h). Neostigmine (1 mg SQ
q1-8h, IV if severe tympany) is often used to help
relieve gastrointestinal tympany. Fluid therapy is
necessary to correct hydration, shock, and electro-
lyte imbalances. Prevention of this disease in-
cludes proper hygiene and the use of phenol
disinfectants because bleach is ineffective against
this virus. A commercial modified live vaccinec is
currently available for use in mares prior to foaling
to help accentuate colostral antibodies.5 It has
been noted that foals from vaccinated mares can still
become infected with rotavirus although the clinical
signs may be attenuated. One novel treatment
plan that may be used as an adjunctive treatment
for viral causes of diarrhea is the use of Bentonite
clay.d9

3. Coronavirus

Equine coronavirus was isolated and characterized
only recently in 2000 but described as an infectious
agent in sick foals in 1976.10,11 Several studies and
case reports have identified coronaviruses in foals
with enteric disease but the pathogenicity and its
etiologic role in enteric disease have not been exam-
ined. A recent prevalence study in Central Ken-
tucky by the author clearly shows that healthy foals
without signs of GI disease are equally infected with
equine coronavirus as sick animals. This finding
suggests low pathogenicity of ECoV in foals. How-
ever, when analyzed as a coinfecting agent, ECoV
was significantly associated with diseased animals:
all ECoV infections in the GI diseased group were
associated with coinfections (15 of 15) while foals in
the healthy group were mostly monoinfected (8 of
10).12 This finding would support the theory that
(certain) viruses primarily act as immune suppress-
ing agents allowing opportunistic infections to take
place.13 Opportunistic infections can be of different
origin, including bacterial or protozoal, as shown in
this study. Coinfection data in piglets clearly indi-
cate that coronavirus and bacterial coinfections
have a significant effect on the magnitude of the
inflammatory immune response and the amount of
tissue damage compared to single infected ani-
mals.14 Furthermore, in young turkeys, coronavi-
rus, and enteropathogenic Escherichia coli (EPEC)
were shown to synergistically interact and cause
severe growth depression and high mortality when
compared to monoinfected turkeys.15 In this study,
turkeys infected first with coronavirus and then
with EPEC developed numerically greater mortal-
ity, significantly lower survival probability, and in-
creased frequency of attaching and effacing lesions
than that observed in turkeys inoculated with EPEC
prior to turkey coronavirus or simultaneously inoc-
ulated with these agents; these observations not
only suggest a role for coronavirus in foals, they also
suggest diagnostic value of detecting ECoV in appar-
ently healthy foals to assess their susceptibility for
potentially detrimental coinfections. In coronavi-
rus-infected healthy foals, the focus could be di-
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rected toward epidemiological aspects in order to
reduce the likelihood of coinfections. Clearly, ad-
ditional studies are needed to determine equine
coronavirus virulence factors and the relative im-
portance as a coinfecting agent to contribute to GI
disease in foals.

Diagnosis

Diagnosis can be made using polymerase chain re-
action, virus isolation, or electron microscopy.

Treatment

Refer to the Rotavirus section for treatment. Cur-
rently there is an ultra-purified Bentonite clay that
is available for the use in horses that has the same
composition as a product being investigated for hu-
man rotavirus or coronavirus.d,11

4. C. difficile

C. difficile is the agent that causes pseudomembra-
nous colitis associated with antibiotics in humans.
It is now being identified in recent years as a signif-
icant nosocomial pathogen for equine as well as hu-
man patients. First described in 1935 by Hall and
O’Toole, this gram-positive anaerobic bacillus was
named “the difficult clostridium” because it resisted
early attempt at isolation and grew very slowly.
The organisms were found in stool specimens from
healthy human neonates (up to 50%), which led to
its classification as a commensal and was subse-
quently ignored as a potential pathogen. In the
1960s and 1970s, antibiotic-associated pseudomem-
branous colitis became a major clinical problem,
which was attributed to mucosal ischemia or viral
infection. In 1977, Larson et al16 reported that
stool specimens from affected patients contained a
toxin that produced cytopathic changes in tissue
culture cells. C. difficile was identified as the
source of the cytotoxin. It is now clear that C. dif-
ficile is responsible for virtually all cases of human
pseudomembranous colitis and 20% of the cases of
antibiotic-induced colitis.

Pathogenesis

Pathogenesis of antibiotic-associated diarrhea/
colitis begins with a disruption of colonization resis-
tance (disruption of the normal colonic flora) of
C. difficile. Colonization occurs by the oral-fecal
route. C. difficile forms heat-resistant spores that
can persist in the environment for years. These
spores can survive the acid environment of the stom-
ach and convert to vegetative forms in the colon.
Environment contamination by C. difficile is partic-
ularly common in human hospitals that have re-
ported isolation rates of 11.7% to 29%.17 Health
care personnel may carry bacteria on their hands,
under rings, or on stethoscopes, but fecal carriage by
staff is rare. High rates of infection can be isolated
from stalls (hospital rooms), scales, thermometers,
and surgical preparation room.17 C. difficile has
also been implicated in an outbreak of colitis.17,18

When established in the colon, pathogenic strains
of C. difficile produce toxins that cause diarrhea and
colitis. Strains that do not produce toxins are
not pathogenic. Two large exotoxins, toxin A (en-
terotoxin) and toxin B (cytotoxin) are produced by C.
difficile. Toxins A and B appear to act synergisti-
cally which cause fluid secretion, mucosal damage,
and intestinal inflammation. Toxin A is also a che-
moattractant for human neutrophils in vitro.19

A third toxin, an actin-specific ADP-robosyltrans-
ferase (binary toxin), has been identified in certain
strains of C. difficile isolated from human patients.
The role and the pathogenesis of binary toxin is
unclear, but it may act synergistically with toxins A
and B.20,21 The toxic effects appear to follow bind-
ing of toxins to membrane receptors. After binding
to its intestinal receptor, Toxin A enters the cell and
alters the actin cytoskeleton, leading to cell round-
ing. Toxin B causes the identical rounding.

In human medicine, difficile is generally acquired
in the hospital setting. Neonatal colonization is
common but almost invariably asymptomatic de-
spite stool cytotoxin levels may be similar to those in
adults with severe colitis. Over 50% of healthy hu-
man infants have transient colonies of toxicogenic C.
difficile. Baverud et al22 demonstrated that nei-
ther C. difficile or cytotoxin B was found in the fecal
flora of 56 healthy foals (14 days to 4 months of age)
not being treated with antibiotics. Similarly, a
small percentage of foals are reported to be asymp-
tomatic carriers with reported rates ranging from
0% to 3%. Reported rates of asymptomatic carriers
in adult horse populations are very similar to that of
humans (�1% to 15% of healthy adults) range from
0% to 4%.6,20 This organism, therefore, is most
likely a minor and uncommon component of the
usual gastrointestinal tract flora. Diarrhea and fa-
tal hemorrhagic necrotizing enterocolitis have been
reported to occur in neonatal foals infected with
toxigenic strains of C. difficile, and C. difficile may
be a primary pathogen in foals, not requiring prior
antimicrobial use for development of the disease.20

Clinical Presentation

Clinical presentation of C. difficile in foals range
from low-grade diarrhea to fulminate colitis with
ileus. The foals with severe colitis become anorexic
and dehydrated. In addition to the diarrhea, foals
become tachypneic, which may be, secondary to dis-
comfort associated with the enteritis, pyrexia, met-
abolic acidosis, or the anxiety of being in the
hospital. Hypoproteinemia is also a feature of C.
difficile secondary to the effects of toxins A and B
leading to extravasation of plasma proteins. Met-
abolic acidosis is also consistent with clostridial en-
terocolitis and hypovolemia or gastrointestinal tract
loss of bicarbonate. Hyponatremia may also be at-
tributable to the gastrointestinal tract losses, as
well as to an excess of free water associated with
water consumption by these foals.
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Diagnosis

Diagnosis of Clostridium difficile infection (CDI) de-
pends on the demonstration of C. difficile toxins in
the stool. Fecal PCR that incorporates primers for
genes of toxins A and B can also be utilized. The
cytotoxin assay that uses tissue cell culture had
been the gold standard for diagnosis. It is the most
sensitive test (sensitivity, 94% to 100%; and speci-
ficity, 90%), detecting as little as 10 pg of toxin B
(this test is not used commonly because it is time
consuming and expensive). Two enzyme immuno-
assays have been introduced that 1) detect toxin
A/toxin B (C. difficile TOX A/B test, Techlab, Blacks-
burg VA) or 2) detect antigen of C. difficile and toxin
A (TRIAGE® Micro; BIOSITE, San Diego CA 1–888-
BIOSITE). These tests have a good sensitivity
(69% to 87%) and specificity (99% to 100%). C.
difficile TOX A/B test, Techlab has been validated
for use in feces of horses.23 PCR that incorporates
primers to detect the genes for Toxin A and Toxin B
can be used for diagnosis.

The author has conducted a study evaluating fecal
samples that were C. difficile ELISA antigen posi-
tive and toxin negative compared to culture. In
that study a 54% toxigenic (confirmed with PCR of
the culture) recovery rate of C. difficile from antigen
positive, toxin negative samples is similar to the
63% rate from a recent study of humans,24 and these
results can represent a diagnostic challenge. Over-
diagnosis can lead to failure to investigate the true
cause or unnecessary treatment, while underdiag-
nosis may result in missed treatment and infection
control intervention opportunities. These results
indicate that the presence of toxigenic C. difficile
was not uncommon in those samples, suggesting the
results were due to lower sensitivity of the toxin
ELISA compared to the antigen ELISA or lack of
production of toxins in the gut. Differentiating
these two is difficult. While the clinical relevance
of antigen positive, toxin negative results needs fur-
ther study. Foals in this study all had enteritis
that could be consistent with CDI, and few had other
potential causes of disease identified. As a disease
that is potentially treatable and a pathogen with
infection control concerns, the presence of toxigenic
C. difficile in a foal with signs consistent with CDI
likely warrants treatment and use of appropriate
infection control measures. Therefore, in the pres-
ence of clinical signs consistent with CDI in horses,
it is prudent to consider an antigen-positive, toxin-
negative result to be supportive of CDI.24

Treatment

Treatment in managing diarrhea and colitis with
confirmed or suspected CDI is to discontinue antibi-
otic therapy, if possible. Specific therapy is aimed
at eradicating C. difficile from the intestinal tract.
Oral metronidazole is the drug of first choice. Foals
less than 6 months of age are dosed at 10 to 15 mg/kg
q12h to q8h.25 The response rate for C. difficile in
patients (humans) taking metronidazole is 98%.

Patients who cannot tolerate oral medication be-
cause of an ileus may either receive the same dose
per rectum or can be effectively treated with intra-
venous metronidazole at 10 mg/kg q8h to q6h.
Excretion of the drug into bile and exudation from
the inflamed colon results in bactericidal levels in
the feces.19 Metronidazole resistant strains of C.
difficile have been isolated, and there are even re-
ports of metronidazole inducing colitis. It is recom-
mended that treatment be continued for 5 days past
the resolution date of the diarrhea. A substantial
number of human patients (10% to 20%) will have a
relapse of C. difficile diarrhea. Various other ap-
proaches have been suggested for the management
of relapses, including slow tapering of metronidazole
therapy, bacteriotherapy with the use of nasogastric
fecal transfaunation or fecal enemas, oral adminis-
tration of nontoxigenic C. difficile, and treatment
with the yeast Saccharomyces boulardii (may com-
pete with C. difficile toxin A for binding sites on the
intestinal epithelium).26 Saccharomyces boulardii
anecdotally can be given to a foal at a dose rate of 5
billion colony-forming units orally 2 times a day.
One novel treatment plan currently used as an ad-
junctive treatment for both viral and bacterial
causes of diarrhea is the use of Bentonite clay.
Bentonite is effective because it bonds to a variety of
toxins and prevents the absorption of toxins by coat-
ing the intestinal wall.27 There is a hyperimmu-
nized Clostridium difficle Toxin A and B plasma
that is currently available.e The efficacy of the
plasma in resolving diarrhea/toxic insult is cur-
rently anecdotal.

5. C. perfringens

C. perfringens is a relatively ubiquitous bacterium
that has been associated with enteric diseases in a
number of diverse species.28 It is widespread in the
soil and is found in the alimentary tract of nearly all
warm-blooded species. C. perfringens is a frequent
postmortem invader in the alimentary tract’s tis-
sues of bloating cadavers. Therefore, one must be
cautious about drawing conclusions based on the
presence of the organisms in the tissues of these
animals. Types of C. perfringens are differentiated
(5 major types A, B, C, D, and E) based on the
production of 4 major toxins; alpha, beta, epsilon,
and iota. In addition, isolates may have the toxin
genes known as CPE and NetF. It is produced by
sporulating cells in an alkaline environment and is
released upon lysis of these cells. It is resistant to
proteolytic enzymes and will bind and insert on the
brush border membrane causing pore formation in
cells leading ultimately to cell lysis. Enterotoxin
can be produced by all types of C. perfringens but is
most commonly associated with type A. Many fac-
tors are involved in the production of enterotoxin by
C. perfringens. In one study, the prevalence of CPE
in feces of adult horses with diarrhea was 16% and
detected in only 10% of the horses with colic regard-
less of whether or not they had diarrhea.29 Studies
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investigating CPE in feces of adult horses and foals
with diarrhea have produced variable results. CPE
has been detected in the feces of 7% to 33% of adult
horses with diarrhea and 28% of the foals with di-
arrhea.28–30 Furthermore, out of 843 C. perfrin-
gens type A isolates from dogs, people, and horses
that were genotyped, only 62 (7.3%) contained the
CPE gene.30

Other toxins have been described associated with
an unassigned type of C. perfringens that produces
alpha-toxin and a �2-toxin was described.31 It was
isolated from piglets with necrotic enterocolitis and
was also found in horses with enterocolitis. Since
the alpha toxin, which is produced by all types of C.
perfringens including non-pathogenic type A strains,
is not considered a primary cause of digestive le-
sions, it was suggested that the �2-toxin, which is
present in this new type of C. perfringens, is respon-
sible for the lesions. In one study31 �2-toxin was
found in 52% of the horses with typical and atypical
typhlocolitis. To a lesser extent, they were also
isolated from horses with other intestinal disorders,
in which they represented 37% of the isolates.
No �2-toxinigenic C. perfringens has been found in
healthy horses or in horses hospitalized for reasons
other than intestinal problems.31 Recently, a novel
spore-forming toxin NetF has been strongly associ-
ated with foal-necrotizing enteritis.32

Pathogenesis

Pathogenesis of C. perfringens is based on their pro-
duction of one or more of the 4 major exotoxins or
enterotoxin. The factors that lead to the develop-
ment of disease are not clear, but it is believed that
there is an alteration of the normal flora that allows
overgrowth of the clostridia. Proposed causes in-
clude diet changes, antibiotic therapy, stress, or con-
current infection. In adult ponies, enterocolitis has
been produced when antibiotics (clindamycin or lin-
comycin) were given to the animals orally with a
fecal cocktail containing clostridium.33 However,
fecal cocktail alone did not cause disease. Other
factors that may play a role in the development are
host factors such as age, immunity, and the presence
or absence of intestinal receptors for the perfringens
toxins. Beta toxin–producing types of C. perfrin-
gens (Type C) appear to cause enterocolitis in neo-
natal animals only. The digestive enzyme trypsin
is produced by older animals and can inactivate the
toxin. Neonatal animals have a less developed di-
gestive enzyme production, thus may be more sus-
ceptible to disease caused by this toxin.33 Most of
the affected foals in one study had serum IgG con-
centrations of � 800 mg/dL, indicating adequate
passive transfer. This finding helps support a the-
ory that trypsin inhibitor in the dam’s colostrum,
which protects immunoglobulins from gastrointesti-
nal breakdown, may potentially allow C. perfringens
type C �-toxin to persist in foals with adequate
passive transfer and may allow type C bacteria to
overgrow.

Clinical Appearance

Clinical appearance of the disease is usually associ-
ated with foals � 5 days of age with a history of
being obtunded, colicky, and/or having diarrhea for
less than 24 hours. The animals usually present
dehydrated with a severe colitis. Some of the ani-
mals may develop an ileus with evidence of colonic
distention. Specific diagnosis and definitive diag-
nosis of equine clostridial enterocolitis requires both
identification of toxins and isolation of the organism
from intestinal contents. Isolation of the organism
without the analysis for toxins is considered inap-
propriate because of the possibility of isolating a
non-enterotoxigenic C. perfringens type A which can
be isolated from normal horses’ manure. In a pop-
ulation study of fecal shedding of C. perfringens in
128 broodmares and foals, C. perfringens was iso-
lated from 90% of the normal 3-day-old foals: 85%
were identified as type A; 12% of the samples had
type A with the �2-toxin gene isolated; C. perfrin-
gens with the enterotoxin gene was identified in
2.1% of samples, and C. perfringens type C was
identified in �1% of the samples. A presumptive
diagnosis may be made (until culture and toxin anal-
ysis) by demonstration of abundant gram-positive
bacteria in a fecal smear. However, this test did
not appear to be sensitive because C. perfringens
was isolated from 59% of samples in which no gram-
positive rods were seen.34 The diagnosis is sup-
ported by culture of fecal clostridia and further
verify the isolates as C. perfringens by the use of a
polymerase chain reaction method that incorporated
primers that allowed for classification of C. perfrin-
gens types A, B, C, D, and E, as well as genes for
�2-toxin and enterotoxin (CPE). However, toxin
detection kits are commercially available for identi-
fication of CPE (C. perfringens enterotoxin test,
ELISA, Techlab®, Blacksburg).

Treatment

Treatment for neonatal C. perfringens is considered
a medical emergency. Even with the best care,
many foals can die if infected with C. perfringens
type C. Neonates with clostridiosis are at a higher
risk for the development of peritonitis. When there
is a large volume of peritoneal exudate, the progno-
sis is grave, and euthanasia would be recommended.
If attempted, the treatment plan should be aggres-
sive and aimed at the following areas: abdominal
pain, septic shock, clostridial infection and toxin
production, and maintenance of nutrition. The use
of oral metronidazole 10 to 15 mg/kg 3 to 4 times
daily (dose depends on severity) for foals and 15
mg/kg 3 to 4 times daily for adults. If the animal
has an ileus and is intolerant of oral feeding, then
the use of intravenous metronidazole is recom-
mended at a dose of 10 mg/kg IV 4 times daily.
Should the foal develop an ileus with marked colonic
distention, the author has used neostigmine 1 to 2
mg (2 mg for foals greater than 250 pounds) SQ with
good clinical response. So far subjectively, foals
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given the hyperimmunized plasma appeared to have
their manure become formed faster than the pa-
tients not treated with the plasma.

Bentonite clay can also be used for treatment
since it has been shown to adsorb Clostridium
perfringens alpha, beta, and beta-2 exotoxins
without interfering with absorption equine colos-
tral antibodies.35

Numerous prophylactic measures can be insti-
tuted on farms with a history of C. perfringens–
associated enterocolitis in foals. Optimal hygiene
efforts to ensure cleanliness of the foaling stall and
the mare (clean udder before and after birth, clean
the perineal and hind-limb region) at parturition
should be undertaken to decrease the degree of ex-
posure of the foal to pathogens in the feces.36 Some
farms have stopped their outbreak of foal diarrhea
by foaling the mares out in pasture. Specific pre-
ventative methods addressing C. perfringens in-
clude immunizing mares with the use of a toxoid
vaccine (aluminum hydroxide–adsorbed culture
supernatant plus recombinant �2-toxoid). The
vaccine strain is a C. perfringens Type A that carries
genes for Alpha, �2, NetF, and CPE that has been
developed (2007) by Hagyard Equine Medical Insti-
tute. Other oral enteric protectants include the
oral and/or administration of hyperimmunized
plasma, which was previously mentioned. Specific
immune treatments for C. perfringens types C and D
do provide some protection against alpha-toxin, but
it is generally believed that this protection would be
inadequate against C. perfringens type A organisms.

6. Salmonella

Salmonella are gram negative, facultative, anaero-
bic bacteria, which usually can access the intestinal
tract via the fecal-oral route. Salmonella com-
monly infects foals between 12 hours and 4 months
of age. Young animals are more susceptible to Sal-
monella infections maybe because of a less sophisti-
cated or less well established microflora within the
gastrointestinal tract. The most common source of
exposure and infection in the foal is another horse.
Often, the mare herself is an asymptomatic carrier.
Mares have been shown to shed Salmonella at or
shortly after parturition despite having as many as
19 negative cultures before foaling.37 Observations
of foalings revealed that all mares defecate during
stage 2 labor and that contamination of fetal mem-
branes and the perineum/udder of the mare was
possible if Salmonella was in the feces. During
udder-seeking, the newborn foals will have exten-
sive contact with the perineum and therefore may be
at risk of Salmonella ingestion.

Once Salmonella has overcome the host defense
mechanisms (gastric acidity, intestinal flora, peri-
stalsis, intestinal mucus, and lactoferrin) the bacte-
ria migrate through the enterocytes and access
the lamina propria where they stimulate an inflam-
matory response. Both phagocytized and free Sal-
monella organisms travel via the lymphatics to

regional lymph nodes where they persist in stimu-
lating an inflammatory response. Salmonella can
also reach circulation from efferent lymphatics.
The neonate predisposition toward bacteremia and
septicemia may be because of factors such as de-
layed gut closure at birth, immature cellular im-
mune response and decreased complement activity.
Salmonella enterotoxins, cytotoxins, and general-
ized inflammation within the bowel induces secre-
tions of fluid from the intestinal epithelium.

Clinical Signs

Clinical signs of Salmonellosis are variable and can
range from mild enteritis to severe septicemic shock.
Diagnosis of Salmonella is demonstrated by a posi-
tive fecal or blood cultures. The author has seen
foals present with fevers of unknown origin with no
signs of diarrhea that have had positive blood and
fecal cultures for Salmonella. Intermittent shed-
ding of Salmonella is common and therefore a min-
imum of 3 to 5 consecutive 1-gram fecal cultures
taken 24 hours apart are recommended.

Treatment

Treatment for salmonella is nonspecific and is aimed
at maintaining hydration and electrolyte balance.
Antibiotic therapy, even though it does not alter the
clinical course of diarrhea or shedding of the organ-
isms, should be initiated in foals to help prevent
bacteremia. Polymyxin B (6000 IU/kg IV q8h) di-
luted in 1 L of fluids, flunixin meglumine (0.25
mg/kg q8h IV), and pentoxifylline (7.5 mg/kg PO
q12h) all have been shown to reduce the effects of
endotoxemia. Bismuth subsalicylate (1 to 3 mL/kg
PO q4-8h) is also commonly used as a gastropro-
tectant secondary to its endotoxic and antiprosta-
glandin properties. J-5 plasma may also be given
to aid in decreasing the systemic endotoxin level.

Prevention

Prevention of Salmonella consists of proper hygiene.
Before the foal is able to nurse, the udder and peri-
neal regions of the mare are to be thoroughly
washed with dilute chlorohexidine or ivory soap and
water. During an outbreak situation, foals should
also be intubated with 6 to 8 oz of colostrum prior to
contact with the mare.

An experimental inactivated bacterin (Salmonella
typhimurium and Newport) vaccine has been devel-
oped by Hagyard Equine Medical Institute and Dr.
John Timoney at the Gluck Research Center in Lex-
ington, KY. This vaccine has been used on endemic
farms since 2007.

7. E. durans (Group D Streptococcus)

E. durans is a gram-positive coccus in the alimen-
tary tract that has been implicated as a cause of
enteritis in foals, piglets, calves, and puppies. The
author has documented E. durans as a cause of
diarrhea in 5 of 7 foals that had developed diarrhea
during the first 10 days of life.38 In one study con-
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ducted in Australia, E. durans (isolated from a foal
that had severe diarrhea) was experimentally in-
fected in 7 foals (via stomach tube). All 7 foals
developed profuse watery diarrhea within 24 hours
of inoculation with varying degrees of depression,
anorexia, abdominal tenderness, and dehydration.39

The pathogenesis of diarrhea and enteric disease
remains unknown. Diarrhea induced by E. durans
is not associated with enterotoxin production or sub-
stantial mucosal injury. However, decreased activ-
ity of brush border digestive enzymes such as
lactase and alkaline phosphatase suggest that there
is a direct mechanical interference with digestion
and absorption at the brush border.39

Treatment

Treatment for E. durans has not been adequately
investigated but subjectively the �-lactams appear
to help decrease the duration of the diarrhea (ampi-
cillin or penicillin). The ideal treatment is to im-
prove husbandry on the farm.

Formulating a Diagnostic Plan

The goal of the diagnostic plan for detecting patho-
genic organisms is 3-fold.

1. Can we detect a pathogenic organism (qual-
itative testing)?

2. If a pathogenic organism is detected, then
how much is present (quantification)?

3. If a pathogenic organism is detected, then
identify it and if it is a bacterial organism,
what is the antibiogram?

Methods utilized for pathogen detection for foal di-
arrhea may include microscopy, culture, immuno-
logical methods (ELISA), and molecular methods
(PCR). The effectiveness of a proper diagnostic
plan depends on the appropriate sample collection.
Clinicians must be cognitive of safety precautions
when collecting the fecal sample. The fecal sam-
ples should be at a minimum of 1 gram (size of an
average adult’s thumb nail) or 4 fecal swabs with
adequate manure staining of the swabs. All sam-
ple collections should be collected while wearing
gloves and placed in a leak-proof container to pre-
vent environmental contamination during trans-
port. Most pathogens resulting in foal diarrhea can
cause a wide spectrum of overlapping clinical syn-
dromes that make it difficult for the clinician to
decide which organism(s) they test for in the feces.
PCR is a molecular technique for the amplification of
a DNA fragment via enzymatic replication. PCR
has many advantages over conventional laboratory
diagnostic techniques because it offers results that
are quick, accurate, and affordable with high sensi-
tivity and high specificity. Multiplex PCR is cur-
rently available that offers testing for a variety of
enteric pathogens in just one fecal sample with a
quick turnaround. The author prefers the use of a
multiplex PCR over the use of single pathogen test-

ing because a study has documented that the rate of
coinfections as a cause for diarrhea in foals in cen-
tral Kentucky is not uncommon.12 If a veterinarian
is in a situation where there are multiple cases of
diarrhea occurring on a farm, they could pool the
fecal samples in order to save money and perform a
multiplex PCR for enteric pathogens. If a pathogen
is detected then it can be assumed the pathogen that
was detected is the causative agent. The author
routinely performs fecal pooled testing for enteric
pathogens and acknowledges that pooling fecal sam-
ples for equine enteric pathogens has been validated
only for Salmonella enterica and not the other
pathogens.39

8. Conclusion

Equine practitioners have always considered the
availability of a correct etiologic diagnosis, particu-
larly in contagious infections, to make early deci-
sions on the patient’s care and management, to
address appropriate treatment, and to allow timely
notification and discussion of management issues
regarding prevention of disease spread a priority.
Over the past years, both the understanding and
characterization of existing and new equine infec-
tious agents as well as the development of rapid,
comprehensive, and affordable molecular diagnostic
tools has experienced a rapid development. Recent
advances in diagnostic technology have allowed for
the development of various Equine Point of Care
diagnostics (EPOCD). EPOCDs are able to achieve
results in less than an hour and in some instances in
less than a minute. Advantages of EPOCD for the
equine practitioner would be to treat faster with test
results while reducing the initial guess work and
offering the patient optimal care with the end goal of
better clinical outcomes. Several PCR Point of
Care (POC) systems have recently entered the vet-
erinary market. Companies such as Fluxergy LLC
(Irvine, CA), Horiba’s POCKIT Central PCR System
(Japan) and Credo Biomedical’s QubeMDx (Singa-
pore) offer a variety of veterinary PCR assays.
Credo’s QubeMDx PCR does not offer any equine
testing at this time but does offer canine and feline
infectious disease testing. Fluxergy is unique in
that they have been concentrating on primarily
equine PCR POC technology. These advances will
not only help practitioners make an accurate diag-
nosis but will be utilized to discover new pathogens
affecting the foal’s alimentary tract.
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1. Introduction

Synovitis is a major feature of osteoarthritis, character-
ized by macrophage-driven inflammation. Synovial
macrophages are essential for joint health; however, they
become pro-inflammatory (M1) when their homeostatic
(M2) functions are overwhelmed. Bone marrow mono-
nuclear cells (BMNCs) are a rich source of macrophages
used to treat chronic inflammation and produce essential
molecules for cartilage metabolism. This study investi-
gated the response of normal and inflamed joints to au-
tologous BMNC injection.

2. Materials and Methods

Synovitis was induced (0.5 ng lipopolysaccharide [LPS]/
joint) in both radiocarpal joints of six horses. After 8 h,
one inflamed radiocarpal and one normal tarsocrural
joint received a BMNC injection (20 million cells/joint).
Contralateral joints received saline. Synovial fluid was
collected at 1, 4, and 6 days for cytology, cytokine quan-

tification, and flow cytometry. At 6 days, horses were
euthanatized, joints evaluated, and synovium harvested.
Data were analyzed using the General Estimating Equa-
tions. Significance was set at P � 0.05.

3. Results

Gross and analytical improvements in synovial fluid
and membrane were observed in inflamed joints
treated with BMNC compared to saline controls,
which was associated with increasing synovial fluid
concentrations of interleukin-10 (IL-10) and 10%
higher counts of IL-10-expressing macrophages (M2)
(P � 0.0431) (Fig. 1).

4. Discussion

BMNC-treated joints were ultimately comparable
to healthy joints regarding histochemical pat-
terns, which remained abnormally high in saline-
treated controls, suggesting BMNCs provide
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macrophage-associated anti-inflammatory effects.
BMNCs are autologous, a point-of-care treatment,
and resolve synovial inflammation, preserving the
production of molecules such as prostaglandin E2

and IL-10, which are essential for joint homeosta-
sis and negatively affected by corticosteroids.
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Fig. 1. Inflamed joints treated with BMNC showed gross improvement characterized by less swelling and peri- and intra-articular

hemorrhage in joints treated with BMNC (A; black arrow heads) compared to PBS (B; white arrow heads).
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1. Introduction

Macrophage-driven synovitis is a major component of
osteoarthritis (OA). In healthy joints, macrophages
are central promoters of synovial health, but they be-
come inflammatory (M1) when homeostatic functions
(M2) become overwhelmed. Bone marrow mononu-
clear cells (BMNCs) are a rich source of macrophage
progenitors that elicit an anti-inflammatory/pro-
resolving response and promote the endogenous reso-
lution of experimentally induced synovitis. The aim
of this study was to evaluate the ability of intra-artic-
ular BMNC therapy to improve clinical signs of natu-
rally occurring equine OA.

2. Materials and Methods

Horses presenting with clinical and radiographic evi-
dence of moderate OA in a single joint were randomly
assigned to 1 of 3 treatments: saline (negative con-
trol), triamcinolone (positive control), or BMNC (treat-

ment group). Horses were evaluated for lameness
(subjectively and objectively) and synovial fluid col-
lected (cytology and cytokine/growth factor quantifica-
tion) at 0, and 7, and 21 days post-injection. Data
were analyzed using general estimating equations.
Significance was set at P � 0.05.

3. Results

No adverse effects were observed. Lameness decreased
in all groups over the study period but only significantly
in the BMNC-treated group (between days 7 and 21) and
not in the saline or triamcinolone groups.

4. Discussion

The BMNC injection was safe, with BMNC-treated
horses being the only ones to show significant improve-
ment during the study period. Moreover, BMNCs
preserve the production of molecules essential for joint
homeostasis, which are regularly inhibited by cortico-
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steroids. These results support a larger clinical trial
using BMNCs in clinical cases of equine OA.
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1. Introduction

Osteoarthritis (OA) remains the leading cause of
poor performance in horses and novel therapies to
treat it more effectively are needed. The objective
of this study was to compare concentrated, fraction-
ated pooled platelet-rich plasma lysate, termed BIO-
PLY, to hyaluronic acid (HA) and steroid therapies
in an in vitro OA model.

2. Materials and Methods

A co-culture system was utilized in which inflamma-
tion was induced with lipopolysaccharide 72 hours
after joining of chondrocytes and synoviocytes.
Treatments were instituted 24 hours post-lipopoly-
saccharide: no treatment control, exogenous HA,a

steroid,b and BIO-PLY. Synoviocytes were exam-
ined for expression of HAS1, HAS2, HAS3, IL-1�,
MMP-3, and MMP-13 24 hours post-treatment while
chondrocytes were examined for expression of
COL1A1 and COL2A1 72 hours post-treatment.

Media HA concentration was examined 72 hours
post-treatment by ELISA. Data were analyzed by
ANCOVA with Tukey (significance P � .05).

3. Results

BIO-PLY significantly increased synoviocyte HAS2
and HAS1 expression as well as increased HA concen-
trations in media compared to other treatments and
controls with no change in HAS3 expression. BIO-
PLY also significantly decreased synoviocyte IL-1�,
MMP-3, and MMP-13 expression compared to non-
treated controls and equivalent to hyaluronate sodium
or triamcinolone. Additionally, BIO-PLY signifi-
cantly increased chondrocyte COL1A1 and COL2A1
expression compared to other treatments and controls
without alteration of the COL2A2:COL1A1 ratio.

4. Discussion

BIO-PLY is able to restore homeostasis of HA
synthesis and chondrocyte matrix production
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post-inflammation in vitro, warranting further in-
vestigation as a novel OA therapeutic.
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1. Introduction

Infectious arthritis can lead to euthanasia or to degen-
erative joint disease in patients that survive. The
authors have recently shown that Staphylococcus au-
reus grown in equine synovial fluid (SynF) forms free-
floating biofilms that are tolerant to antimicrobial
therapy but sensitive to platelet-rich plasma lysate
(PRP-L) in vitro.

2. Materials and Methods

Horses (n � 12) were inoculated with S. aureus in one
tarsocrural joint and treated with intra-articular ami-
kacin alone (control, n � 6) or in combination with

PRP-L (treatment, n � 6) starting 24 hr post-infection
and continuing daily for 7 days. All horses received
systemic antimicrobials until day 10 and tapering phe-
nylbutazone throughout the study. SynF and blood
were evaluated at days 0–7, 14, and 21. Pain scoring
and ultrasound examinations were also performed at
these time points. At day 24 post-infection, horses
were euthanized and synovium and cartilage were
collected.

3. Results

Horses treated with PRP-L had lower pain scores (P �

0.003), lower levels of systemic inflammatory proteins
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(P � 0.0003), and decreased SynF parameters of infec-
tion (P � 0.02) and inflammation (p � 0.05) than
control horses. PRP-L-treated horses also had signif-
icantly lower bacterial loads in SynF (P � 0.006) and
end-term synovium (P � 0.01) than control horses.
Horses treated with PRP-L also had improved ultra-
sonographic and histological assessments.

4. Discussion

The results of this study strongly support the use of
PRP-L in combination with antimicrobials to treat
infectious arthritis.
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1. Introduction

The National Institutes of Health reports that up to
80% of humans experience lower back pain at some
point during their adult life. In horses, the re-
ported prevalence of back pain and/or dysfunction
varies dramatically, from 0.9%1 to 94%,2 and seems
to be more common in lame horses. A study of
predominantly English performance horses found
back pain in 32% of 805 lame horses compared with
only 12% of 339 control horses.3 In cutting horses,
70% of 140 horses that presented to a University
Hospital for lameness or poor performance were
found to have thoracolumbar back pain.4 Consid-
ering the prevalence and increasing focus on back
pain among the equine veterinary community,5 it is
important to explore ways to successfully treat, re-
habilitate, and restore function to horses with back
pain and/or dysfunction. Similar to treating hu-
mans with lower back pain, the principles of treat-
ing back pain and dysfunction in horses consists of
first, breaking the pain cycle; and second, increasing
and/or restoring muscle strength and function of the
back. This paper will explore various methods and
techniques to achieve these goals. It is important
to state that while the focus of this paper is not on
diagnosing back pain, that an accurate diagnosis is
paramount to successful management of back pain
cases.

2. Materials and Methods

Breaking the Pain Cycle

Breaking the pain cycle is arguably the most impor-
tant feature of managing back pain (generically
referring to pain and/or dysfunction of the thoraco-
lumbar, lumbosacral, and/or sacroiliac [SI] regions),
as it is the gateway that allows for building core
strength and restoring proper function.

Anti-Inflammatory Medications

In humans, non-steroidal anti-inflammatory medi-
cations (NSAIDs) are considered an effective treat-
ment for lower back pain.6 However, in the
author’s opinion, NSAIDs rarely provide sufficient
pain relief in horses with back pain and corticoste-
roids seem to be a more effective anti-inflammatory
medication. While corticosteroids can of course
be administered systemically (e.g., 1 mg/kg pred-
nisolone PO q24h), conventional reasoning and com-
mon practice is to deliver the corticosteroids as close
to the site of pathology as possible. Therefore, the
delivery method for corticosteroid therapy depends
on the underlying pathology.

Horses suffering from impinging or over-riding
spinous processes (“kissing spines”) often benefit
from local infiltration of corticosteroids (�3 mg tri-
amcinolone or 20–40 mg methylprednisolone), di-
luted in sterile saline to increase the injection
volume as needed (�2 mL per site), around the
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affected spinous processes. One study found that
corticosteroid infiltration resolved the pain in 89% of
38 horses with kissing spines, although 56% of those
had recurrence of pain in � 1 year7 and repeating
this treatment once or twice a year is often neces-
sary.8 In cases of thoracolumbar osteoarthritis,
corticosteroid injection of the articular facet joints
can be performed using ultrasound guidance.9 The
author prefers triamcinolone (�3 mg/ joint, up to 18
mg total body dose) diluted to 2 mL volume with
sterile saline or hyaluronic acid. A less specific al-
ternative, and one that does not require ultrasound
guidance yet is still clinically effective, is to perform
an intramuscular corticosteroid injection (of the
multifidus or longissimus muscle) in the region of
the affected facet joints. The author has only per-
formed this in a small proportion of horses using
triamcinolone though others may use methylpred-
nisolone or isoflupredone. While theoretically
methylprednisolone could lead to mineralization of
the soft tissues, the author has not appreciated this
clinically. In humans, injection of methylpred-
nisolone into the multifidus muscle was more effec-
tive in treating lower back pain than a 10-week
physiotherapy program.10

Horses with clinical evidence of SI pain typically
benefit greatly from corticosteroid injections of that
region. Interestingly, response to treatment is not
correlated with the presence or absence of pathologic
changes of the SI joint identified with diagnostic
imaginga. There are multiple published techniques
for injecting the SI joints.11,12 Regardless of tech-
nique, it should be noted that the SI joint contains a
very small volume of synovial fluid (�1 mL)13 and
an SI “joint” injection is a bit of a misnomer as the
injection is almost exclusively periarticular.11 For
SI region injections, the author prefers to inject a
fairly large volume using the cranial ultrasound-
guided approach (typically 100 mg methylpred-
nisolone diluted to 15–20 mL in sterile saline per
side); the cranial approach avoids the risk of pene-
trating the rectum as is possible using the caudal
approach12 and the higher volume ensures diffusion
to the cranial and caudal aspects of the joint as well
as the surrounding structures. In cases in which
corticosteroid therapy is contraindicated, injection
of autologous conditioned serum has yielded good
clinical effects, anecdotally, in a handful of horses.

Generally speaking, adverse reactions are uncom-
mon, but a minority of horses will have some in-
crease in muscle pain and spasm following intra-
articular facet joint injection or SI region injections
at the site of needle placement. In these cases, the
author prescribes hot packing (apply a warm com-
press, 20 minutes, q12h) and NSAIDs (1 mg/kg flu-
nixin meglumine q24h) for 2–3 days following
injection.

Methocarbamol

Methocarbamol is a centrally acting muscle relaxer
used to decrease muscle spasms and excessive mus-

cle tone (hypertonicity). One of the first reports of
such use dates back to 1958 when a human physi-
cian reported “often prompt and striking” results in
patients with acute orthopedic conditions, including
herniated lumbar and cervical disks.14 In a double
blinded, placebo-controlled study, treatment with
methocarbamol was effective in 70% of 98 people
with acute lower back pain and spasm.15 Like the
30% of people in the aforementioned study who
were “non-responders,” so too in horses there seems
to be variable efficacy (from negligible to quite effec-
tive). In the majority of cases, the author appreci-
ates a good clinical result from administration of 25
mg/kg q12h PO for 2 weeks followed by 25 mg/kg
once daily for an additional 2 weeks. In cases with
underlying back pathology, it is most effective when
administered in conjunction with an initial cortico-
steroid treatment of the back and/or SI region.
However, in more mild cases of thoracolumbar
epaxial muscle pain, it can be used effectively in
isolation, as a sole treatment. Methocarbamol is
generally safe but rarely can cause drowsiness.
It is important to note that the above dose is not
legal under United State Equestrian Federation
(USEF) drug regulations, which restricts its use to 5
mg/lb (11 mg/kg) every 24 hours for no more than 5
consecutive days.

Bisphosphonates

Despite the widespread clinical use of bisphospho-
nates to treat horses with osseous pathology of the
thoracolumbar spine, the supporting research is
extremely limited. A single study reports on the
outcome of 29 horses with osteoarthritis of the tho-
racolumbar vertebrae, with or without concurrent
osseous changes of the spinous processes.16 The
treatment group (consisting of 15 horses, each ad-
ministered a single treatment of 1 mg/kg tiludro-
nate in 1 L saline via slow IV infusion) had
significantly better dorsal flexion of the back in
canter compared with the control group 60 days
following treatment. At 120 days, treated horses
showed improvement over the control horses, but
the difference between the groups was not statis-
tically significant. Another clinical study demon-
strated decreased lameness scores in horses with
distal hock joint osteoarthritis 60 days after treat-
ment with tiludronate (same dosing protocol as
above).17 These reports, in combination with
the FDA-approved use for the treatment of navic-
ular syndrome in adult horses, make the use of
bisphosphonates for other osseous pathologic con-
ditions a reasonable choice. Thus, in cases of
osteoarthritis of the axial skeleton and/or kissing
spine, judicious use of bisphosphonates could be
considered.

Currently, treating thoracolumbar conditions with
either FDA-approved bisphosphonate, clodronate, or
tiludronate constitutes off-label use. Bisphospho-
nates are not approved for use in young (� 4 years
old), pregnant, or lactating mares and can cause
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colic-like symptoms, although this seems to be more
common with tiludronate than clodronate. Clodro-
nate has infrequently been associated with acute
renal failure and therefore should not be given in the
face of abnormal serum blood urea nitrogen (BUN)
or creatinine levels, nor should it be given in con-
junction with NSAIDs. Clodronate appears to be
the more widely used bisphosphonate in the United
States, likely due to the ease of administration, the
cost, and the infrequency of negative side effects.
However, how the efficacy of clodronate compares to
that of tiludronate, especially in the treatment of
thoracolumbar conditions, is unknown.

Mesotherapy

Mesotherapy is a technique that began in human
medicine in the 1950s that involves multiple, small-
volume subdermal injections of analgesic and/or
anti-inflammatory medications. One study in hu-
mans (n � 84) demonstrated that mesotherapy
(consisting of lidocaine, ketoprofen, and methylpred-
nisolone injected at days 1, 4, 7, 10, and 13) was, at
less than half the dose, as effective as systemic ad-
ministration of the same medications for treating
lower back pain.18 In horses with thoracolumbar
pain, the injections are typically administered in
three parallel rows, on either side of the spine (Fig.
1). There are a variety of “cocktails” used by prac-
titioners; the author prefers a combination of mepi-
vacaine, flumethasone, and traumeel diluted in
saline. Injection of methylprednisolone in meso-
therapy should be avoided due to anecdotal reports
that the hair at the injection sites can turn white.
Like many treatments for the lower back and pelvis,
mesotherapy is often insufficient when used in iso-
lation, but it can be very useful as an adjunct ther-
apy, in combination with other treatments, and/or
as a way to lengthen the time required between

more aggressive therapies such as intra-articular
injections. The author has not experienced any ad-
verse effects with mesotherapy but is aware of one
horse that developed diffuse, painful subcutaneous
edema throughout the thoracolumbar epaxial region
after being treated with mesotherapy once weekly
for 3 weeks.

Extracorporeal Shockwave Therapy

Shockwave therapy is another very useful adjunct
therapy that, until recently, was being used based
on the positive effects reported anecdotally. A re-
cent study reported the effects of shockwave therapy
on a group (n � 12) of riding horses with thoraco-
lumbar back pain.19 Treatment consisted of 1500
pulses applied to the epaxial muscles from T12
through L5 with an 80-mm trode at an E4 energy
setting, and was performed 3 times, spaced every 14
days. The authors found a significant and clini-
cally relevant increase in mechanical nociceptive
threshold (MNT), measured with pressure algome-
try along the thoracolumbar epaxial muscle, 7 days
following the second and third treatments, but not
after the first treatment. Interestingly, the in-
creased MNT persisted for at least 1 month follow-
ing the last treatment.

In contrast to the results of this study, in clinical
practice, many practitioners report significantly de-
creased back pain following even a single treatment of
shockwave therapy. It is a good option for treating
muscle pain that may develop in the interim between
corticosteroid injections, and should be strongly con-
sidered as an alternate treatment for horses that can-
not receive corticosteroid injections (e.g., for metabolic
reasons or due to competition drug regulations). Ad-
ditionally, it is a safe and non-invasive treatment, with
few to no reported side effects. It is also a good first-
line treatment, but in the author’s practice the cost of
treatment is sometimes prohibitive. The author typ-
ically treats the thoracolumbar epaxial muscles as
needed with a total of 1500 to 2000 pulses, half deliv-
ered with a 35-mm probe and half with an 80-mm
probe, to try and target both superficial and deeper
pain. Shockwave cannot be used within 5 days of
Fédération Equestre Internationale (FEI) competition.
Under USEF guidelines, shockwave of the back spe-
cifically (but not elsewhere on the body) is permitted
�12 hours before competition.

Laser Therapy

In general, the scientific evidence for the efficacy of
laser therapy in the treatment of musculoskeletal
conditions is lacking. However, a recent study
investigated the outcome of laser therapy in actively
competing horses.20 Sixty-one Quarter Horses
with acute lower back pain were treated with low-
level laser therapy (series of 3 treatments over 5 to
7 days), chiropractic, or a combination of both.
Horses treated with laser alone had decreased epax-
ial muscle pain, trunk stiffness, and muscle hyper-
tonicity lending support toward the use of laser to

Fig. 1. Photograph of the right side of a horse following meso-

therapy treatment. Note the parallel rows of subdermal injec-

tions along the thoracolumbar epaxial musculature.
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treat lower back pain. An advantage to this treat-
ment is that it is non-invasive and, in the case of
lower-level laser therapy, can be performed by
owners.

Integrative Therapies

Acupuncture and chiropractic treatments can be ef-
fective adjunct therapies. Acupuncture mitigates
pain through release of local neuropeptides that
stimulate systemic release of endogenous opioids,
serotonin, dopamine, and norepinephrine. A study
of 15 horses with chronic lower back pain evaluated
the effects of electroacupuncture (administered
every 3 days for 5 treatments) compared with
treatment with an oral NSAID (2.2 mg/kg phenylb-
utazone PO q12h) or to saline controls.21 Thoraco-
lumbar pain was not significantly altered in the
phenylbutazone or control groups, but was signifi-
cantly decreased following 3 electroacupuncture
treatments and the analgesic effects lasted up to 2
weeks. Acupuncture is generally well tolerated
though in cases with severe thoracolumbar pain,
hypertonicity and/or wind-up, acupuncture may
not be tolerated. In such cases, acupuncture can
often be used in subsequent visits once the pain level
has been dampened with use of other first-line
treatments.

Chiropractic treatment can be used to restore nor-
mal spinal motion and functional mobility and can
decrease muscle spasm, nerve dysfunction, and pain
that can occur as a result of joint hypomobility.22

In a study of horses without back pain (n � 38), a
single chiropractic treatment increased the MNT by
27% for up to 7 days post-treatment whereas mas-
sage therapy and phenylbutazone treatment in-
creased MNT by only 12% and 8%, respectively.23

Kinesiotape

Kinesiotape, or elastic athletic tape, has many pur-
ported mechanisms of action including stimulating
proprioceptive pathways, increasing lymphatic flow,
providing stability, and enhancing or inhibiting
muscle function, but overall, there is limited evi-
dence in the literature to support such claims.
The human literature is conflicting regarding the
efficacy of kinesiotape and a single study in horses
(n � 8) did not show an alteration in thoracolumbar
flexion-extension range of motion when kinesiotape
was applied to the abdominal muscles.24 Nonethe-
less, kinesiotape is widely used in both human and
equine athletes. In the author’s practice, kinesio-
tape, applied as pictured in Fig. 2A, can be helpful to
alleviate mild to moderate muscle pain and tension
of the thoracolumbar epaxial muscles; the pattern
includes a base anchor strip along the thoracolum-
bar midline and multiple smaller strips crossing
midline applied in such a way as to “lift” the skin
and, in theory, reduce myofascial restriction. Al-
ternatively, for focal areas of edema, as can some-
times occur with pressure points from tack, taping
in a star pattern (Fig. 2A) can help reduce edema.

Finally, Fig. 2B demonstrates one version of a “sta-
bility” taping pattern that can be useful in horses
with SI pain and/or in cases of mild pelvic
instability.

Fig. 2. A, This horse has kinesiotape applied in two different

patterns. The pattern along the thoracolumbar midline entails

an anchor strip on dorsal midline with multiple “cross hatch”

strips running perpendicular to dorsal midline and crossing the

thoracolumbar epaxial muscles. This pattern is commonly used

to help alleviate thoracolumbar muscle pain. A “star” pattern,

seen over the left tuber coxae, can be applied over an area of focal

edema. B, Kinesiotape applied in a “stability pattern” from the

tuber coxae to the opposite hamstring muscles. In this case, the

tape is aimed to promote pelvic stability.
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Surgical Treatment

Surgical treatment of kissing spines is becoming
increasingly common. Surgical resection of im-
pinging or over-riding dorsal spinous processes was
first described in 196825 and is still commonly per-
formed. Results following ostectomy are quite
good, with 72% (n � 209) to 100% (n � 9) of horses
achieving normal function in the long term.26–29

A newer procedure that is gaining favor is interspi-
nous ligament desmotomy (ISLD), which can be per-
formed standing. Outcomes of ISLD surgery are
comparable (95% of 35 horses) to previously re-
ported ostectomy outcomes.7 The same study
showed that while horses managed medically (with
corticosteroid injections of the affected sites) and
had good short-term outcomes (89% of 34 horses),
recurrence of back pain was common (19 of 34).
Horses treated with ISLD were 24 times more likely
to have long-term resolution of symptoms compared
to medically managed counterparts.

In the author’s opinion, many cases of kissing
spines can be successfully managed medically, es-
pecially when coupled with core strengthening
and conditioning exercises. However, surgical
treatment is a good option for horses that require
repeated corticosteroid injections to maintain pro-
longed comfort. If the owner would like to pursue
surgery as an initial treatment step, the author
prefers to trial corticosteroid injections once, to
ensure the horse has an adequate response to
treatment, prior to pursuing a more invasive
treatment option.

Increasing and/or Restoring Back Strength and Function

After breaking the pain cycle, building core strength
and stability is essential for the long-term, success-
ful management of back pain cases.

Dynamic Mobilization Exercises

The function of the multifidus muscle as a spine
stabilizer, or a vertebral motion segment stabilizer,
has been demonstrated in multiple species, includ-
ing horses.30,31 Atrophy and inhibition of the mul-
tifidus muscles is a common finding in humans with
acute and subacute lower back pain32 and can de-
velop quickly (within 3 days) following induced back
pain in an experimental animal model.33 This cre-
ates instability of the vertebral motion segment, and
perpetuates the underlying condition. Addition-
ally, even once the underlying pain has been treated,
the multifidus muscles do not spontaneously resume
normal activity.34 Exercises that target strength-
ening and mobilizing the multifidus muscles greatly
reduce the recurrence of back pain in humans; with
targeted exercise, recurrence decreased from 84% to
30% within 1 year and from 75% to 35% over 2 to 3
years.35 Thus, increasing multifidus strength,
symmetry and function is a major focus of managing
back pain in horses.

Horses (n � 8 Arabians not in ridden work) that
performed a series of core strengthening exercises

(consisting of 5 sets of 3 cervical flexions, 1 cervical
extension, and 3 lateral bending exercises to the left
and right) 5 days per week for 3 months had in-
creased cross-sectional area (CSA) and symmetry of
the multifidus muscles at 6 different locations
throughout thoracolumbar back.30 Similar results
were seen in Thoroughbreds in race training; those
that underwent dynamic mobilization exercises
(consisting of 10 repetitions of 3 cervical flexions, 1
cervical extension, 3 lateral bending exercises to the
left and right, performed 5 days per week for 12
weeks) had significantly increased CSA of the mul-
tifidus muscles in as soon as 6 weeks.36 Examples
of some of these exercises can be seen in Fig. 3.
Additionally, the book, Activate Your Horse’s Core37

is an excellent resource for these and other core
strengthening exercises.

Elastic Resistance Bands

Exercises that encourage hindquarter engagement
are very useful in rehabilitation of back pain and
include resistance band training, hill work, and cav-
aletti exercises. A recent study of 7 general pur-
pose riding horses showed that 4 weeks’ training
with elastic resistance bands increased dynamic sta-
bility of the back.38 The exercise protocol started
with familiarization to the bands in week 1 and then
progressed to lounging and ridden work 10 minutes
5 times per week, to 20 minutes 4 times per week, to
30 minutes 3 times per week, in weeks 2, 3, and 4,
respectively. It is proposed that the bands (Fig. 4)
provide proprioceptive input that results in in-
creased recruitment of the abdominal and hindquar-
ters muscles during exercise.

Additional Core Strengthening Exercises

Gymnastic-type exercise, both in hand and on the
lounge can increase core strength and therefore
should be incorporated into the long-term manage-
ment plan. As discussed above, dynamic mobiliza-
tion exercises can increase the size of the multifidus
muscle, but this effect can be furthered with the
addition of gymnastics exercises. Horses that per-
formed gymnastic exercises (including pelvis tilts,
backing, turning small circles, and walking over a
raised pole) 3 days per week for 3 months, in addi-
tion to dynamic mobilization exercises, had more
increase in multifidus muscle CSA than horses that
performed only dynamic mobilization exercises.39

Considerations for cavaletti work include varying
pole placement and height. Placing elevated rails
closer to one another will encourage more hindlimb
flexion while placing rails on the ground spaced far-
ther apart results in a longer stride, with more limb
protraction. Changing the spacing and height of
the rails can have the added benefit of challenging
the proprioceptive system, as can having only one
side of the rail elevated off the ground. Backing is
an additional exercise that can be considered and
seems to be particularly useful for horses with SI
pain. Initially, backing is performed in hand on a
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flat surface; the difficulty can be increased by back-
ing up an incline as the horse gets stronger.

Another method to address core strength and bal-
ance are balance pads adapted from human physical
therapy. While there are equine specific products,
many human products work equally well. The
horse is asked to stand on a dense foam block with
both front, both hind, or all four limbs (Fig. 5).
Firmer pads are more stable and thus less challeng-

ing than soft pads, yet many horses will have diffi-
culty maintaining their center of balance on firm
pads. Even 5 minutes a day on balance pads can
result in noticeable improvement in core balance in

Fig. 3. Examples of various core strengthening exercises. A, A lateral tail pull combined with lateral bending to the right. B, A

lumbosacral tuck. C, Ventral cervical flexion.

Fig. 4. Example of an elastic resistance band placed around the

hindquarters. These systems can be used for a variety of rea-

sons but in this case was prescribed to help increase core strength

and encourage more hind-limb engagement.

Fig. 5. A horse standing on balance pads in order to increase

core balance and stability. Here the horse stands on firmer

(green) pads in front and softer (blue) pads behind to increase the

level of difficulty of the exercise.
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as little as 2 weeks, at which point the exercise can
be made more difficult by decreasing the firmness of
the pads. Softer pads require more fine motor con-
trol in order to limit postural sway.

Whole-body vibration (WBV) therapy is a rela-
tively common modality, largely due to consumer-
direct marketing, that may be useful in increasing
core strength. A non-blinded study of 9 horses ex-
amined the effects of WBV on the multifidus muscle
and found that, following 2 months of WBV per-
formed 30 minutes twice daily 5 days a week, there
was a statistically significant increase in multifidus
symmetry and CSA.40 The study utilized a com-
mercially available, vertical vibrating platform with
a frequency of 40 Hz, amplitude of 0.8 mm, and an
acceleration of 4.9 m/s2 (0.5 g). The authors pro-
posed that WBV could be an alternative to dynamic
mobilization exercises. It is this author’s opinion
that core strengthening exercises are superior to
WBV in management of back pain and that the place
for WBV is not yet well understood.

3. Results and Discussion

The treatment and rehabilitation strategies pre-
sented here are a culmination of experiences gained
from managing more than 200 cases of back pain.
In the most typical case, if there is osseous pathology
such as kissing spine and/or facet joint osteoarthri-
tis, the author would start by breaking the pain
cycle with corticosteroid injections or shockwave of
the affected area(s) and prescribe a course of metho-
carbamol. Additionally, basic core strengthening
exercises consisting of lumbosacral tucks, ventral
flexions, and lateral bending exercises are pre-
scribed. At the 2-week recheck, the clinical signs
(e.g., pain to palpation of the thoracolumbar epaxial
muscles, willingness/ability to perform basic func-
tional tests) are often markedly improved but, if
there is residual pain and/or the horse displays aver-
sion behaviors under saddle that are consistent with
back pain, additional therapies such as shockwave,
mesotherapy, acupuncture, and chiropractic treat-
ment are considered. Once the initial pain is ade-
quately managed, a long-term plan is implemented
that usually entails gradually increasing the diffi-
culty of the core strengthening exercises, adding
balance pads, and incorporating elastic resistance
bands and gymnastic exercises to the training
program.

In cases in which corticosteroids are contraindi-
cated, the author often begins treatment with
shockwave of the affected area and a course of
methocarbamol, as well as acupuncture (if not al-
ready being performed) and/or kinesiotape applica-
tion. Mesotherapy can also be performed without
corticosteroids. For horses with indication of SI
joint pain/dysfunction, the author has been very
pleased with the results obtained from injection of
autologous conditioned serum (�5 mL administered
per side, from a cranial, ultrasound-guided ap-

proach) in the handful of horses in which it has been
performed.

If the initial pain cycle is managed and the horse
is kept in a good strength and conditioning program,
many times back pain will not recur until there is an
inciting cause, such as becoming cast or enduring a
long trailer ride. Additionally, as managing back
pain relies heavily on maintaining core strength, it
is common for back pain to recur when the horse
requires lay-up for another injury. In the majority
of instances, adequate core strength can be main-
tained with daily dynamic mobilization exercises
and/or hand-walking (if able) with elastic resistance
bands. Adjunct therapies such as acupuncture, la-
ser therapy, and kinesiotaope can also be beneficial
in mitigating back pain during periods of decreased
training.

In summary, successful management of cases of
back pain and dysfunction requires first breaking
the pain cycle and second, maximizing core strength
and condition. Treatment of pain can be accom-
plished with various medical therapies and in cer-
tain cases, surgical treatment may be warranted.
Rehabilitation is critical and while there is no
“one-size-fits-all” protocol, it entails various core
strengthening and dynamic exercises.

Acknowledgments

Declaration of Ethics

The Author has adhered to the Principles of Veteri-
nary Medical Ethics of the AVMA.

Conflict of Interest

The Author has no conflicts of interest.

References and Footnote

1. Jeffcott L. Disorders of the thoracolumbar spine of the
horse—A survey of 443 cases. Equine Vet J 1980;12:197–
210.

2. Haussler K. Chiropractic evaluation and management.
Vet Clin N Am Equine Pract 1999;15:195–208.

3. Landman M, de Blaauw J, Hofland L, et al. Field study of
the prevalence of lameness in horses with back prob-
lems. Vet Record 2004;155:165–168.

4. Swor T, Dabareiner R, Honnas C, et al. Musculoskeletal
problems associated with lameness and poor performance in
cutting horses: 200 cases (2007–2015). J Am Vet Med Assoc
2019;254:619–625.

5. Riccio B, Fraschetto C, Villanueva J, et al. Two multicenter
surveys on equine back-pain 10 years apart. Frontiers Vet
Sci 2018;5:195.

6. Kuritzky L, Samria G. Nonsteroidal anti-inflammatory
drugs in the treatment of low back pain. J Pain Res 2012;
5:579–590.

7. Coomer R, McKane S, Smith N, et al. A controlled study
evaluating a novel surgical treatment for kissing spines in
standing sedated horses. Vet Surg 2012;41:890–897.

8. Cousty M, Firidolfi C, Geffroy O, et al. Comparison of me-
dial and lateral ultrasound-guided approaches for periartic-
ular injection of the thoracolumbar intervertebral facet joints
in horses. Vet Surg 2011;40:494–499.

9. Garcia Lopez J. Surgical management of impinging or over-
riding dorsal spinous processes. 2019. Available from:
https://news.vet.tufts.edu/2019/09/surgical-management-of-
impinging-or-overriding-dorsal-spinous-processes.

238 2020 � Vol. 66 � AAEP PROCEEDINGS

SPORTS MEDICINE AND REHABILITATION

https://news.vet.tufts.edu/2019/09/surgical-management-of-impinging-or-overriding-dorsal-spinous-processes
https://news.vet.tufts.edu/2019/09/surgical-management-of-impinging-or-overriding-dorsal-spinous-processes


10. Kader D, Wardlaw D, Smith F. Evaluation of perifacet in-
jections and specific lumbar multifidus retraining program in
treatment of lower back pain (A prospective randomized con-
trolled trial). Ortho Proc 2018:94-B.

11. Engeli E, Haussler K, Erb N. Development and validation
of a periarticular injection technique of the sacroiliac joint in
horses. Equine Vet J 2004;36:324–330.

12. Denoix JM, Jacquet S. Ultrasound-guided injections of the
sacroiliac area in horses. Equine Vet Educ 2010;20:203–
207.

13. Haussler K. Diagnosis and management of sacroiliac joint
injuries, in Dyson S, Ross M, eds. Diagnosis and manage-
ment of lameness in the horse. St. Louis, MO: Elsevier
Saunders; 2011, 583–592.

14. Forsyth F. Methocarbamol (Robaxin) in orthopedic condi-
tions: preliminary report of one hundred cases. J American
Med Assoc 1958;167:163–168.

15. Emrich O, Milachowski K, Strohmeier M. Methocarbamol
in acute low back pain. A randomized double-blind con-
trolled study. Fortschritte der Medizin 2015;157:9–16.

16. Coudry V, Thibaud D, Riccio B, et al. Efficacy of tiludronate
in the treatment of horses with signs of pain associated with
osteoarthritic lesions of the thoracolumbar vertebral column.
Am J Vet Res 2007;68:329–337.

17. Gough M, Thibaud D, Smith R. Tiludronate infusion in the
treatment of bone spavin: a double blind placebo-controlled
trial. Equine Vet J 2010;42:381–387.

18. Costantino C, Marangio E, Coruzzi G. Mesotherapy versus
systemic therapy in the treatment of acute low back pain: A
randomized trial. Evid Based Complement Alt Med 2011;
2011:317183.

19. Trager L, Funk R, Clapp K, et al. Extracorporeal shockwave
therapy raises mechanical nociceptive threshold in horses
with thoracolumbar pain. Equine Vet J 2020;52:250–257.

20. Haussler J, Manchon P, Donnell J, et al. Effects of low-level
laser therapy and chiropractic care on back pain in Quarter
Horses. J Equine Vet Sci 2019: doi: 10.1016/j.jevs.
2019.102891.

21. Xie H, Colahan P, Ott E. Evaluation of electroacupuncture
treatment of horses with signs of chronic thoracolumbar pain.
J Am Vet Med Assoc 2005;227:281–286.

22. Haq A, Hussain S, Beigh S, et al. A mini review on chiro-
practic medicine and its application in veterinay medicine.
Pharma Innovation 2017;6:471–473.

23. Sullivan K, Hill A, Haussler K. The effects of chiropractic,
massage and phenylbutazone on spinal mechanical nocicep-
tive thresholds in horses without clinical signs. Equine Vet
J 2008;40:14–20.

24. Ericson C, Stenfeldt P, Hardeman A, et al. The effect of
kinesiotape on flexion-extension of the thoracolumbar back in
horses at trot. Animals 2020;10:301.

25. Roberts EJ. Resection of thoracolumbar spinous processes
for the relief of pain responsible for lameness and some other
locomotor disorders or horses, in Proceedings. Am Assoc
Equine Pract 1968;14:13–30.

26. Jeffcott L, Hickman J. The treatment of horses with chronic
back pain by resecting the summits of the impinging dorsal
spinous processes. Equine Vet J 1975;7:115–119.

27. Walmsley J, Pettersson H, Winberg F, et al. Impingement of
the dorsal spinous processes in two hundred and fifteen horses:
Case selection, surgical technique and results. Equine Vet J
2002;34:23–28.

28. Perkins JD, Schumacher J, Kelly G, et al. Subtotal ostec-
tomy of dorsal spinous processes performed in nine standing
horses. Vet Surg 2005;34:625–629.

29. Steckel R, Kraus-Hansen A, Fackelman G, et al. Clinical
aspects of thoraco-lumbar spinal disease in horses: A review
of 50 cases, in Proceedings. Am Assoc Equine Pract 1991;
36:583.

30. Garcia Lineiro J, Graziotti G, Rodrıguez Menendez J, et al.
Structural and functional characteristics of the thoracolum-
bar multifidus muscle in horses. J Anatomy 2017;230:398–
406.

31. Stubbs NC, Kaiser LJ, Hauptman J, et al. Dynamic mobi-
lization exercises increase cross sectional area of musculus
multifidus. Equine Vet J 2011;43:522–529.

32. Hides J, Stokes M, Jull G, et al. Evidence of lumbar multi-
fidus wasting ipsilateral to symptoms in patients with acute/
subacute low back pain. Spine 1994;19:165–172.

33. Hodges P, Holm A, Hansson T, et al. Rapid atrophy of the
lumbar multifidus follows experimental disc or nerve root
injury. Spine 2006;31:2926–2933.

34. Hides J, Richardson C, Jull G. Multifidus muscle recovery is
not automatic after resolution of acute, first episode low back
pain. Spine 1996;21:2763–2769.

35. Hides J, Jull G, Richardson C. Long-term effects of specific
stabilizing exercises for first-episode low back pain. Spine
2001;26:E243–E248.

36. Tabor G. The effect of dynamic mobilisation exercises on the
equine multifidus muscle and thoracic profile. 2015. Avail-
able from: https://pearl.plymouth.ac.uk.

37. Stubbs N, Clayton H. Activate your horses core: Un-
mounted exercises for dynamic mobility, strength and bal-
ance. Mason, MI: Sport Horse Publications; 2008.

38. Pfau T, Simons V, Romback N, et al. Effect of a 4-week
elastic resistance band training regimen on back kinematics
in horses trotting in-hand and on the lunge. Equine Vet J
2017;49:829–835.

39. de Oliveira K, Soutello R, da Fonseca R, et al. Gymnastic
training and dynamic mobilization exercises improve stride
quality and increase epaxial muscle size in therapy horses.
J Equine Vet Sci 2015;35:888–893.

40. Halsberghe B, Gordon-Ross P, Peterson R. Whole body vibra-
tion affects the cross-sectional area and symmetry of the m.
multifidus of the thoracolumbar spine in the horse. Equine Vet
Educ 2017;29:493–499.

aEllis K (personal communication) 2019.

AAEP PROCEEDINGS � Vol. 66 � 2020 239

SPORTS MEDICINE AND REHABILITATION



Identification of Genomic Loci Associated with

Performance-Limiting Kissing Spines in Quarter

Horses and Warmbloods

Beau Whitaker, DVM*†; Samantha Brooks, PhD†; Kent Allen, DVM;

Duncan Peters, DVM, MS, DACVSMR; Ben Buchanan, DVM, DACVIM, DACVECC;

Scott McClure, DVM, PhD, DACVS, DACVSMR; W. Tyler Lafayette;

Cliff Honnas, DVM, DACVS; Charlie Buchanan, DVM;

Charlie Pinkham, BVSc, MRCVS; Katie Martin; Micaela Vierra;

Chris Davies, PhD; Meredith Carpenter, PhD; and Christa Lafayette

Kissing spines in the thoracolumbar vertebrae is a condition known to cause back pain and poor

performance in horses. Authors’ addresses: Brazos Valley Equine Hospital, 6999 Hwy 6, Navasota, TX

77868 (Whitaker, C. Buchanan, B. Buchanan); Department of Animal Science, UF Genetics Institute,

University of Florida, Gainesville, FL 32608 (Brooks); Virginia Equine Imaging Center, 2716 Landmark

School Road, The Plains, VA 20198 (Allen); East-West Equine Sports, PO Box 13503, Lexington, KY

40583 (Peters); Midwest Equine, 2615 Eastgate Drive, Boone, IA 50036 (McClure); Pinkham Equine

Veterinary Services, Home Farm Offices, Salisbury SP2 8PJ, UK (Pinkham); Texas Equine Hospital,

13688 Texas 6 Frontage Road, Bryan, TX 77807 (Honnas, McClure); Etalon, Inc., 401 El Camino

Real, Menlo Park, CA 94025 (T. Lafayette, Martin, Vierra, Davies, Carpenter, C. Lafayette);

e-mail: beauwhitaker@gmail.com. *Corresponding author; †presenting authors. © 2020 AAEP.

1. Introduction

The radiographic presence of kissing spines (KS)
does not always cause clinical symptoms; however,
horses with KS are three times more likely to have
back pain. KS are more likely to appear in referral
clinics when found in Thoroughbreds, dressage
horses, horses five years of age or less, and horses
with five or more vertebrae involved.

2. Materials and Methods

For this study, a diagnosis of KS was determined
radiographically in horses presenting with poor per-
formance and/or back pain. Lateral radiographs of
the spinous processes of the thoracolumbar verte-

brae were used to confirm the KS condition. Hair or
blood samples were submitted for DNA extraction
and genotyped with the Illumina Equine SNP70
array. In the present preliminary investigation,
the authors compared these 50 cases from the Amer-
ican Quarter Horses, Warmbloods, and Thorough-
bred breeds to 50 genetically matched controls of
unknown phenotype.

3. Results and Discussion

Genome-wide association analysis revealed a single
significant locus on chromosome 14 (raw, P � 3.76 �

10�07; bonf. Threshold, 9.07 � 10�07). Ongoing
work will expand the sampling of cases, identifying
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breed and sex-matched controls phenotyped for
healthy spines. These newly identified loci will im-
prove understanding of this challenging condition
and are promising targets for novel diagnostic and
preventative treatment strategies.
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1. Introduction

Postural stability maintains balance, protects the
spinal column, and allows accurate responses to de-
stabilizing forces. The m. multifidus is the major
postural muscle located adjacent to the vertebrae
along the length of the spinal column. Increased
cross-sectional area (CSA) of the m. multifidus has
been demonstrated in horses following rehabilita-
tion strengthening exercises; however, correlation
with functional postural stability has not been
shown. The current study aimed to evaluate the
relationship of the thoracolumbar m. multifidus
CSA and measures of postural sway performance in
lame horses undergoing rehabilitation exercises.

2. Materials and Methods

Seven horses admitted to a rehabilitation facility
were included in the study. M. multifidus CSA was
measured via ultrasonography at the start of a re-
habilitation program (initial evaluation) and after
12 weeks of rehabilitation exercises (final evalua-
tion). Postural sway data was also measured at
these time points.

3. Results

A significant increase in m. multifidus CSA was seen
from initial to final evaluation. A moderate to
strong correlation was present between m. multifi-
dus CSA and postural sway variables.

4. Discussion

These results suggest that there is an association
between postural stability and m. multifidus hyper-
trophy in lame horses undergoing individualized re-
habilitation programs. This suggests that postural
stability can be improved by performing rehabilita-
tion exercises that promote increased m. multifidus
size.
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Pain management of the laminitic horse can be extremely challenging. Given the various types of pain

these horses experience, a multimodal approach to pain management of the laminitic horse is neces-

sary. While evidence for pharmaceutical and nonpharmaceutical approaches in the laminitic horse is

somewhat limited, multiple treatment options are available. Authors’ addresses: Gail Holmes Equine
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1. Introduction

Horses with laminitis can experience significant
pain, which can make their management extremely
challenging, and in fact a large proportion of horses
with laminitis are euthanized because of severe, un-
manageable pain.1,2 Sources of pain in the lamin-
itic horse include inflammation within the laminae,
increased pressure within the rigid hoof capsule,
tearing and contusion of the soft tissues within
the foot, tissue ischemia, and altered/excessive con-
tact between the sole and distal phalanx.3,4 In ad-
dition, horses with chronic laminitis can develop a
neuropathic component to their pain, which may
occur following neural injury. Repetitive neuro-
pathic and nociceptive stimulation can lead to cen-
tral
sensitization, contributing to maladaptive pain.5–8

Allodynia (pain with a normally non-noxious stim-
uli) and hyperalgesia (exaggerated response to a
noxious stimuli) are features of central sensitization
and can result in plasticity of the central pain path-

ways, further impacting the well-being of the
horse.9,10 Thus, horses with chronic laminitis can
experience nociceptive and neuropathic pain which
in the absence of treatment can lead to central sen-
sitization and maladaptive pain that has no value to
the animal.

Because of the complex and multifaceted patho-
physiology of pain in laminitic horses, many treatment
options have been suggested with none being univer-
sally effective. Previous reviews have listed the pain
management options that are available for the lamin-
itic horse, but evidence for their use in treating this
complex condition has not been described. This re-
view will describe the evidence behind pharmaceutical
and nonpharmaceutical-based pain management op-
tions in the horse with laminitis.

2. Pharmaceutical Treatment Options

Since studies specific to laminitis are limited, broad-
based evidence for included drugs and therapeutic
modalities is also presented where available, allow-
ing the reader to consider the sum total of literature

AAEP PROCEEDINGS � Vol. 66 � 2020 243

SPORTS MEDICINE AND REHABILITATION

NOTES



when developing a therapeutic plan. To help guide
this, treatment options for horses with acute versus
chronic laminitis are listed in Table 1. Case exam-
ples as to how these treatment options can be ap-
plied are included in the text and reported drug
dosages are listed in Table 2.

Non-Steroidal Anti-Inflammatory Drugs

Mechanism of action: Non-steroidal anti-inflamma-
tory drugs (NSAIDs) mediate analgesia by blocking
the generation of proinflammatory and pro-algesic
lipids from oxidative metabolism of arachidonic
acid.11 In addition, NSAIDs can help decrease pe-
ripheral sensitization caused by products of ara-
chidonic acid metabolism (prostaglandins and
leukotrienes).12 There is also evidence that
NSAIDs may help with pain due to inhibition of
central sensory neurons.13

Phenylbutazone

Phenylbutazone is considered by clinicians to be the
most efficacious and consistent NSAID in relieving
pain in the laminitic horse.13 Phenylbutazone,
which inhibits both COX-1 and -2, has been shown
to be more effective than selective COX-2 inhibitors
(e.g., firocoxib) in the laminitic horse.13 Phenylbu-
tazone is also effective in treating other musculosk-
eletal disorders. In treatment of joint pain, its
analgesic effects are likely the result of suppression
of synovial membrane PGE2, and an in vitro study
of equine synovial explants challenged with lipo-
polysaccharide showed no detrimental effects on sy-
novial membrane viability and function after
treatment with phenylbutazone.14 In human pa-
tients, phenylbutazone has also been shown to reach
higher concentrations in inflamed versus non-
inflamed joints due to differences in pH.15 Given
the inflammation associated with laminitis, it is pos-

sible that phenylbutazone concentration will be
higher in the affected digit of the laminitic horse.
While the concentration of phenylbutazone within
the equine digit has not been evaluated, a study
of induced subcutaneous inflammation in ponies
showed that a single dose of phenylbutazone (4.4
mg/kg) given intravenously (IV) or orally (PO) sig-
nificantly reduced exudate concentrations of PGE2

and PGF1 and reduced skin temperature.15

A dose-effect relationship has also been shown
with phenylbutazone. In a study of induced carpal
osteoarthritis in horses, no analgesic effect was seen
with a single dose at 1.1 mg/kg while maximum
analgesic effect was seen at 2.2 mg/kg. Further
increasing the dose did not change the analgesic
effect but increased the duration of effect (8 hours
with 2 mg/kg dose; 24 hours with 8 mg/kg dose).16

In a separate study of horses with naturally occur-
ring chronic forelimb lameness, no difference was
seen in force platform analysis between 4.4 and 8.8
mg/kg phenylbutazone IV given daily for 4 days.17

Because of increasing risk of toxicity with increasing

dosage,15 the lowest effective dose should be used.

While there is evidence for efficacy of phenylbuta-

zone, and some report it as having superior analge-
sic effects when compared to other NSAIDs,3 several

studies contradict this. For example, in a group of
horses evaluated for pain using response to thermal
thresholds, phenylbutazone was indistinguishable
from saline controls.15 Similarly, minimal differ-

ences were seen between phenylbutazone and pla-
cebo treatment in a group of horses undergoing
arthroscopic surgery,18 suggesting that the origin
and type of pain may have an influence on efficacy of
phenylbutazone.

In addition, one study suggests that combining
phenylbutazone with other NSAIDs may be more

Table 1. Acute Versus Chronic Analgesic Options for the Laminitic Horse

Acute Treatment Options Chronic Treatment Options

Drug Name Evidence in the Laminitic Horse Drug Name Evidence in the Laminitic Horse

NSAIDs Yes: Clinical cases, anecdotal NSAIDs Yes: Clinical cases, anecdotal

Opioids Yes: Clinical cases, anecdotal Opioids Yes: Clinical cases, anecdotal

Alpha-2 agonists Yes: Anecdotal Alpha-2 agonists Yes: Anecdotal

Local anesthetics Yes: Clinical cases, anecdotal Local anesthetics Yes: Clinical cases, anecdotal

Epidurals Yes: Anecdotal Ketamine Yes: Clinical cases, anecdotal

Vasodilators Yes: Anecdotal Gabapentin Yes: Clinical cases, anecdotal

Cytochrome P450 epoxygenases Yes: Clinical cases Vasodilator Yes: Anecdotal

Acetaminophen No Biologics Yes: Clinical cases, anecdotal

Amitriptyline No Cytochrome P450 epoxygenases Yes: Clinical cases

Grapiprant No Resveratrol No

Digital hypothermia Yes: Controlled studies Acetaminophen No

Acupuncture Yes: Clinical cases, anecdotal Amitriptyline No

Manual therapies No Grapiprant No

TENS No Acupuncture Yes: Clinical cases, anecdotal

Therapeutic trimming/shoeing Yes: Clinical cases, anecdotal Manual therapies No

TENS No

Therapeutic trimming/shoeing Yes: Clinical cases, anecdotal

NSAIDs, non-steroidal anti-inflammatory drugs; TENS, transcutaneous electrical nerve stimulation.
Not all treatments listed above may be appropriate for all patients. Please see precautions for each medication in Table 2.
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effective. Horses with naturally occurring forelimb
or hindlimb lameness were exercised on a treadmill.
Horses were given either phenylbutazone (2.2 mg/kg
PO q12h) or phenylbutazone plus flunixin (1.1
mg/kg IV q12h) for 5 days. No significant clinical
improvement was seen with phenylbutazone alone;
however, greater effect was seen with stacking of the
NSAIDs at 12 and 24 hours.19 Gastrointestinal
and renal side effects must be taken into consider-
ation if multiple NSAIDs are administered.

Flunixin Meglumine (Flunixin)

While anecdotally phenylbutazone has been consid-
ered superior to other NSAIDs for musculoskeletal
pain, flunixin may also be effective. While not spe-
cifically evaluated in the laminitic horse, analgesic
effects of flunixin (1.1mg/kg IV) and phenylbutazone
(4.4 mg/kg IV) were comparable in horses with nat-

urally occurring navicular syndrome evaluated us-
ing both objective (force platforms) and subjective
lameness methods.20

Ketoprofen

One study evaluating horses with bilateral chronic
laminitis demonstrated that when administered at
an equivalent dose, ketoprofen was more effective
than phenylbutazone for controlling pain in horses
with naturally occurring chronic laminitis.21 A
dose of 3.63 mg/kg (equimolar to 4.4 mg/kg phenyl-
butazone dose) was more effective than the 2.2
mg/kg ketoprofen or the 4.4 mg/kg phenylbutazone
doses at reducing lameness and hoof pain.21

Firocoxib

Firocoxib has not been specifically evaluated in the
laminitic horse; however, firocoxib has been effective

Table 2. Analgesic Options for the Laminitic Horse

Drug Name Dosage/Route of Administration Precautions/Notes References

Phenylbutazone 2.2–4.4 mg/kg IV or PO q12h Possible renal, GI 2

Flunixin 0.5–1.1 mg/kg IV or PO q8–12h Possible renal, GI 2

Ketoprofen 2.2–3.6 mg/kg IV q6–12h Possible renal, GI 2, 11, 21

Firocoxib 0.1 mg/kg PO q24h 0.3 mg/kg often given on first day 21, 23

Diclofenac ointment Topical q12–24h Skin irritation can occur; must clip hair 29

Pentoxifylline 4.4 mg/kg PO q8h No known direct analgesic effect 94

Lidocaine 1.3 mg/kg IV loading dose, 0.05 mg/kg/
min CRI

Neurologic side effects can occur 2

Bupivacaine 3 mL of 0.5% solution perineurally q12–
24h

Can consider placing percutaneous catheter 38

Detomidine 10–40 �g/kg IM or IV q2–4h Consider coadministration with opioid 21

Bolus 5–10 �g/kg IV, 24–36 �g/kg/hr CRI

Morphine 0.1–0.2 mg/kg IV/IM q4–6h GI, behavioral side effects can occur; 21

0.1 mg/kg qs to 50 mL with saline via
IVRP

Consider coadministration with alpha-2

Butorphanol 0.01–0.4 mg/kg IV/IM q2–4h GI, behavioral side effects can occur 21

Consider coadministration with alpha-2

Buprenorphine 5–20 �g/kg IV/IM q8h GI, behavioral side effects can occur 21

6 �g/kg sublingual q12h Consider coadministration with alpha-2

Methadone 0.1–0.2 mg/kg IV/IM q4–6h Consider combining with detomidine at 0.1 mg/kg 21, 51

Fentanyl 2–3 10 mg (100 �g/hr) patches changed
q2–3d

IV fentanyl ineffective 20, 47

Tramadol 5 mg/kg PO q12h
Combine with ketamine CRI at 0.6
mg/kg/hr for first 3 days

Increased risk GI side effects at 10 mg/kg PO
q12h

48, 49, 50

Ketamine 100–150 �g/kg bolus, 60–120 ug/kg/hr
CRI

Consider combining with tramadol 19, 21, 50

Epidurals Morphine 0.1–0.2 mg/kg, xylazine 0.17
mg/kg OR detomidine 20–30
�g/kg) � bupivacaine (0.125–0.25%),
bolus 15–30 mL or infuse at 0.5–3.0
mL/hr

21

Morphine 0.2 mg/kg, xylazine 0.2 mg/kg
diluted with 0.9% NaCl to 0.2 ml/kg

3

Morphine 0.2 mg/kg, detomidine 30 �g/kg 43, 82

Gabapentin 5–20 mg/kg PO q8–12h Must wean off slowly when discontinuing 3

Acepromazine 0.06 mg/kg IV q12h No known direct analgesic effect 2

Isoxsuprine 1.2 mg/kg PO q12h No known direct analgesic effect 94

Resveratrol 2000 mg resveratrol � 200 mg sodium
hyaluronic acid q24h for minimum 28
days

129

Acetaminophen No controlled studies have been performed 131

TENS Acute pain settings: Frequency �100 Hz,
pulse duration 50 �s

Chronic pain settings: Frequency �20
Hz, pulse duration 200 �s

CRI, constant rate infusion; GI, gastrointestinal; IM, intramuscular; IV, intravenous; IVRP, intravenous regional limb perfusion;
TENS, transcutaneous electrical nerve stimulation.
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at reducing lameness in horses with other musculo-
skeletal conditions. In horses with naturally occur-
ring osteoarthritis, firocoxib at 0.1 mg/kg PO q24h
was as effective as phenylbutazone at 4.4 mg/kg PO
q24h in improving lameness.22 Firocoxib was also
shown to improve signs of lameness in 80% of a
group of 390 horses with naturally occurring osteo-
arthritis.23 Therefore, firocoxib administration can
be considered in the laminitic horse, particularly if
gastrointestinal or renal side effects are of concern.

Diclofenac

The topical anti-inflammatory, diclofenac, has been
shown to be effective for certain conditions. In
horses with experimentally-induced carpal osteoar-
thritis, significant improvements in lameness and
histologic cartilage scores were seen with topical
diclofenac (7.3 g applied twice daily) versus con-
trols.24 Diclofenac also has the ability to readily
cross into joints and subcutaneous tissues. In one
study, topical treatment over the joint resulted in
higher concentrations in synovial fluid than the
minimal anti-inflammatory levels needed to control
local inflammation.25 In a rodent study of subcuta-
neous inflammation induced with carrageenan, top-
ical administration of a single dose of diclofenac
significantly reduced local PGE2 levels.26 Based on
these limited studies, it may be reasonable to apply
diclofenac to the coronary band of a horse with lami-
nitis when inflammation is suspected as a compo-
nent of the clinical picture. In addition, due to
limited systemic absorption,24 topical diclofenac
may be an option for horses in whom systemic
NSAIDs are contraindicated or in horses that need
additional local anti-inflammatories.

Opioids

Mechanism of action: Opioids mediate analgesia by
stimulating �, �, or � opioid receptors.27 Opioids are
classified as pure �-agonists (morphine, fentanyl),
partial �-agonists/�-antagonists (buprenorphine),
or partial �-antagonists/�-agonists (butorphanol).3

Methadone, a synthetic �-opioid agonist/NMDA an-
tagonist has also been used in the horse.3,28 Trama-
dol is a weak opioid receptor agonist but also functions
as a neuronal serotonin and norepinephrine reuptake
inhibitor.11 Since work in horses with laminitis is
limited for this class of drugs, the following informa-
tion is largely based on studies of their use in unre-
lated orthopedic and gastrointestinal conditions.
It is worthwhile noting that moderate to high doses of
opioids when given alone in the horse can have signif-
icant gastrointestinal, hemodynamic, and behavioral
side effects.1 It is also worth mentioning that drugs
in this class are scheduled (II–IV) by the drug enforce-
ment agency and have potential for human abuse.

Morphine

While morphine can have negative side effects if
given IV, other routes of administration have proven
effective. Morphine given at 0.1 mg/kg intramus-

cularly (IM) to horses hospitalized for a variety of
conditions was shown to be at detectable levels in
the plasma for 3 hours after administration with
minimal side effects; however, heart rate and respi-
ratory rate were the only clinical parameters as-
sessed29; the level of analgesia this dose provides is
unknown. In an equine study using a lipopolysac-
charide-induced synovitis model, intra-articular ad-
ministration (0.05 mg/kg) significantly reduced
inflammation (decreased joint circumference, syno-
vial total protein, serum amyloid A) as compared to
IV administration.30 Measurable concentrations of
morphine (0.1 mg/kg) were reported in the middle
carpal joint between 20 minutes and for 5 hours
after administration by intravenous regional limb
perfusion (IVRP).31 In addition, morphine admin-
istered to people subcutaneously prior to intrader-
mal capsaicin injection attenuated mechanical
hypersensitivity and markedly reduced the area of
mechanical hypersensitivity.32 Therefore, local ad-
ministration of morphine in the laminitic horse may
provide pain relief and has anecdotally been used
perineurally.

Butorphanol

In a study of 203 horses undergoing surgery (the
majority were elective orthopedic surgeries), horses
received either IV phenylbutazone, flunixin, or
carprofen intraoperatively. Sixty-eight of the
horses received 0.1 mg/kg butorphanol IV intra-
operatively in addition to the NSAID. Significantly
fewer horses that received butorphanol during sur-
gery required additional analgesics postoperatively
compared to those that received NSAIDs alone.33

The duration of analgesia in response to superfi-
cial and visceral stimulation after IM administra-
tion has been reported to be 15 to 90 minutes with
0.4 mg/kg dosage providing the most intense and
longest-lasting analgesia.34 However, other stud-
ies have shown that the systemic availability after
IM injection is low (37%) with a dosage of 0.08 mg/kg
IM q3h necessary to maintain plasma concentra-
tions.35 In addition, horses assessed for pain fol-
lowing castration showed no difference between
butorphanol (0.05 mg/kg IM prior to surgery then
q4h for 24 hours) and phenylbutazone (4.4 mg/kg IV
prior to surgery then 2.2 mg/kg PO q12h for 3 days).
Combining the drugs was not superior to each drug
administered alone.36

In a different study evaluating administration of
butorphanol constant rate infusion (CRI), delayed
gastrointestinal transit time was seen without sub-
stantially affecting somatic nociception; 4/8 horses
showed signs of colic when butorphanol was in-
cluded in the CRI.37

Fentanyl

Transdermal fentanyl (patch) may also be a viable
option for managing pain in the laminitic horse.
In a study of healthy research horses with 2 � 10-mg
fentanyl patches applied to either the antebrachium
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or gaskin, mean serum fentanyl concentrations were
consistent with those reported to be analgesic in
other species (1 ng/mL) by 1 hour of application.
This level was maintained until 32 hours after patch
application with no hematologic or clinical side
effects.38

Another study looked at fentanyl patches admin-
istered to client-owned horses suffering from a vari-
ety of soft tissue or orthopedic conditions (including
laminitis). All horses were thought to be refractory
to NSAIDs (phenylbutazone or flunixin). Serum
fentanyl concentrations of 1 mg/mL were measured
14 hours after patch application on the antebra-
chium and stayed at this level for 18 hours post-
application. However, while pain scores were
improved in the horses, lameness scores were not
significantly improved.39 In another report of sub-
jective pain assessment in a group of hospitalized
horses, only slight improvement in horses with lami-
nitic pain was noted as opposed to significant im-
provement in horses with visceral pain.40

It is worth noting that when given intravenously,
fentanyl has been shown to provide ineffective anal-
gesia with undesirable behavioral effects in adult
horses.41,42 A study of conscious, standing horses
tested visceral and somatic pain using duodenal/
colorectal distention and thermal thresholds, re-
spectively. Fentanyl was administered as a CRI at
four doses (8, 16, 32, 64 ng/kg/min). Control horses
received either xylazine (positive control) or saline
(negative control). None of the fentanyl groups
showed a significant increase in visceral pain
threshold following administration, while horses
receiving xylazine showed a significant increase.
A trend toward increased somatic threshold was
seen 15 minutes after fentanyl CRI was initiated,
but only in the highest fentanyl group.42 Based on
these data, it appears that there is more benefit to
treating pain in the laminitic horse with transder-
mal as opposed to IV administration.

Methadone

Methadone administration has not been evaluated
in the laminitic horse. As with other opioids, the
dosage of methadone must be chosen carefully—side
effects including spontaneous locomotion (0.2 mg/
kg), ataxia (0.5 mg/kg), and muscle tremors (0.5
mg/kg) have been seen.43,44 In a study of healthy
horses, methadone administered at 0.2 mg/kg IV
alone showed no significant analgesic effects, as de-
termined by thermal and electrical nociceptive
thresholds. However, when combined with detomi-
dine (0.1 mg/kg IV), a synergistic effect was seen
with significant increases in thermal and electrical
nociceptive thresholds. This improvement in anal-
gesia was also greater with both methadone and
detomidine than with detomidine alone.43 There-
fore, administration of methadone could be consid-
ered in combination with detomidine for treatment
of acute pain.

Tramadol

Tramadol has been shown to have poor oral bioavail-
ability and rapid elimination in horses.45 It has,
however, been shown to dose-dependently improve
pain in horses with chronic laminitis. Analgesia
was reported at a dose of 10 mg/kg (not seen at 5
mg/kg) q12h.11 However, signs of colic have been
reported in horses at the 10 mg/kg dosage.46,47

Interestingly, when tramadol was administered in
conjunction with a ketamine CRI, oral tramadol was
more effective at a lower dose in a laminitis model.
Dose administration included ketamine at 0.6 mg/
kg/hr for 6 hours/day for 3 days and oral tramadol at
5 mg/kg q12h for 7 days. Significant improvement
in comfort level was reported.48

�-2 Agonists

Mechanism of action: �-2 adrenergic or adrenorecep-
tor agonists mediate analgesia by decreasing affer-
ent activity and activating descending inhibitory
neurons.11 �-2 receptors are found on primary af-
ferent terminals in peripheral and spinal nerve end-
ings, the dorsal horn of the spinal cord, centrally in
the brainstem, and peripherally in the joint—their
activation can produce central and peripheral anal-
gesia.10,49 �-2 agonists also have a synergistic ef-
fect with opioids in both horses and humans,
allowing an opioid-sparing effect.50–54 While effec-
tive analgesics when given systemically, �-2 adren-
ergic agonists cause sedation, cardiopulmonary
depression, and may influence gastrointestinal func-
tion that may impact duration of their use.55 Al-
ternate routes (e.g., epidural, intra-articular) are
therefore sometimes suggested as alternatives.

Detomidine

Antinociceptive effects of �-2 agonists in the horse
have been well demonstrated,56,57 but controlled
studies in the laminitic horse are lacking. For
other forms of musculoskeletal pain, detomidine has
been shown to be an effective analgesic. In one
study of induced hoof lameness, detomidine given at
10, 20, or 40 �g/kg IV effectively raised the mechan-
ical hoof pain threshold and lowered the intensity of
hoof withdrawal response. This analgesic effect
lasted for 55 minutes (mechanical hoof pain thresh-
old) and 120 minutes (hoof withdrawal response).
Lameness, as assessed by the modified Obel scale,
was also significantly reduced at 20- and 40-�g/kg
doses.58 In a study of horses with naturally occur-
ring forelimb or hindlimb lameness, horses that re-
ceived 0.007 mg/kg detomidine IV alone or in
combination with butorphanol (0.007 mg/kg IV)
showed significant increases in mechanical nocicep-
tive thresholds proximal to the coronary band up to
30 minutes after administration. Small, but signif-
icant improvements in lameness, as measured by an
inertial sensor system, were also seen.59
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Xylazine

Local administration of xylazine may be an option
for managing pain in horses. In people, intra-
articular administration of �-2 agonists has been
shown to mediate analgesia.49 Similarly, an
equine study by Scicluna60 showed that xylazine
offers analgesic benefits for horses when adminis-
tered intra-articularly. However, an in vitro study
evaluating xylazine administration at various con-
centrations to equine cartilage explants showed
dose-dependent chondrotoxicity.61 In people, peri-
neural administration of �-2 agonists with local
anesthetics has also been shown to increase analge-
sia compared to anesthetics alone.62 Therefore,
perineural administration in the laminitic horse
could be considered; however, intra-articular use in
the horse should be performed with caution.

Local Anesthetics

Mechanism of action: Local anesthetics inhibit pain
by blocking sodium channels, thereby interrupting
neurotransmission near the site of injury.11 Local
anesthetics prevent initiation and conduction of
electrical impulses in C and A-delta sensory nerve
fibers.63 They have also been shown to reduce post-
synaptic depolarization mediated by NMDA recep-
tors at the spinal cord in laboratory animals.64,65

This drug class has a long history of diagnostic and
therapeutic use in the horse.

Lidocaine

The antinociceptive effects of systemic lidocaine
have been evaluated in horses. In a study of con-
scious, healthy research horses, CRI of lidocaine (2
mg/kg bolus followed by 50 �g/kg/min CRI for 2
hours) significantly increased somatic pain (thermal
threshold) and visceral pain thresholds.66 Clinical
reports have also shown effective analgesia with the
use of lidocaine CRI in horses with chronic lamini-
tis.67 While not studied in the horse, IV lidocaine
has also been established as having analgesic effects
in human patients with neuropathic pain.67

In addition to blocking neurotransmission or af-
ferent signals, perineural administration of local an-
esthetics have also been reported to cause a decrease
in gene expression of inflammatory proteins.68

A suppression of inflammation with perineural an-
esthesia has been suggested in humans and in lab-
oratory animals,69 but has not been demonstrated in
the horse. There is some controversy as to whether
lidocaine has any anti-inflammatory effects in the
horse.9

Transdermal administration of local anesthetics
are thought to have some local benefit over the site
of injury,70 and it has been suggested that lidocaine
patches could be applied over the digital nerves
of laminitic horses for pain relief.11 A study of
healthy, adult horses showed an increase in both
thermal and superficial mechanical nociceptive
thresholds after application of a 5% lidocaine patch

to the withers and saddle region. Analgesic effects
were seen after product application and at 1 hour
after the patch was removed.70 Percutaneous cath-
eter placement over the palmar nerves has also been
described in the horse to provide continuous nerve
blockade. This allows treatment with lidocaine,
mepivacaine, or bupivacaine.71

Liposomal Bupivacaine

Liposomal bupivacaine was developed and ap-
proved for use in humans to help prolong the
analgesic effects of the local anesthetic bupiva-
caine.72,73 This formulation allows the slow re-
lease of bupivacaine over time and is approved for
infiltrative use in the dog and cat following specific
procedures. It is estimated to provide up to 72
hours of pain relief.74

To date, two equine studies have been performed.
The first evaluated use of liposomal bupivacaine in the
joint of healthy horses to assess possible chondrotoxic
effects. Minimal effect on markers of chondrode-
struction were found, suggesting that this medication
can be administered in the joint safely.75 The second
study looked at use of liposomal bupivacaine compared
to standard bupivacaine administered perineurally
(abaxial nerve block). Forelimb lameness was in-
duced by inserting a screw into the sole. Objective
lameness (inertial sensor system) and mechanical no-
ciceptive thresholds were evaluated. Liposomal bu-
pivacaine significantly improved objective lameness
and mechanical nociceptive thresholds up to 24 hours
after administration. The time of analgesia was
greater for liposomal bupivacaine compared to stan-
dard bupivacaine (analgesia for 1 hour only post-
injection).76 This formulation of bupivacaine would
be beneficial to provide the laminitic patient with lon-
ger-lasting analgesia; however, a liposomal bupiva-
caine formulation is not currently labeled for use in the
horse.

Ketamine

Mechanism of action: Ketamine is an NMDA antag-
onist and is used to help mitigate central sensitiza-
tion that can occur with chronic pain.11 Ketamine
has been shown to have a short duration of action;
therefore, administration via CRI is strongly
suggested.77

As mentioned previously, ketamine in combina-
tion with tramadol provided analgesia in horses
with naturally occurring chronic laminitis.48 Au-
thors report that the addition of ketamine resulted
in significantly reduced limb off-loading frequency
for the entire treatment period of 7 days. Signifi-
cant reductions in TNF-� and TXB2 (a stable me-
tabolite of the vasoconstrictor prostanoid, TXA2)
were also seen in the ketamine-tramadol group,
which was not seen with oral tramadol alone.48

However, CRI of ketamine alone may not be ben-
eficial. One study looked at ketamine given to
horses treated for a variety of conditions, including
osteomyelitis, joint sepsis, burns, and colic.13 Ket-
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amine CRI was given at 400 and 800 �g/kg/hr for 5
days. Horses showed variable response with some
horses showing no signs of comfort while others
showed markedly increased comfort. However,
pain was evaluated using only heart rate and a
subjective comfort evaluation.13

Gabapentin

Mechanism of action: Gabapentin is used predomi-
nantly for human and veterinary patients with
chronic and neuropathic pain.78 Gabapentin me-
diates analgesia by binding to the �-2-�-1 subunit
of voltage-gated calcium channels in the spinal
cord and brain. It can then change the release of
the neurotransmitters glutamate, GABA, and
norepinephrine.79

Multiple case reports are available detailing suc-
cess with use of gabapentin in horses with neuro-
pathic pain,78 including chronic laminitis,80,81

headshaking,82 and femoral neuropathy.78 How-
ever, the reported bioavailability of gabapentin is
low (16.2%).83 Therefore, high oral doses (5 to 20
mg/kg PO 2 to 3 times daily) are recommended.3

A recent study suggests even higher doses could be
used in the horse. A single dose of gabapentin was
administered to a group of 9 healthy horses at 10,
20, 40, 60, 80, 120, and 160 mg/kg in a randomized
cross-over design. Plasma samples were taken up
to 64 hours after administration. Horses were also
evaluated for signs of sedation and ataxia. While
plasma concentrations increased across the dose
level, the increase was not in a proportional
manner—the authors concluded that a dose higher
than 120 mg/kg would not provide any noticeable
differences in pharmacological effect. Only one
horse showed signs of moderate sedation at the
higher dosages (120 mg/kg and 160 mg/kg). How-
ever, evaluation of hepatic and renal values was not
performed and the authors comment that the safety
of repeated dose administration higher than 20
mg/kg needs to be evaluated further.84

Gabapentin has been reported to be ineffective at
reducing the degree of chronic lameness in the
horse. In one study, horses with naturally occur-
ring osteoarthritis in a variety of joints were given
gabapentin orally at 5 mg/kg and 10 mg/kg q8h for
14 days. No significant improvement in lameness
was seen for either group.80 In another report, no
improvement was seen when gabapentin (20 mg/kg
q12h PO) was added to treatment with phenylbuta-
zone (4 mg/kg q12h PO) in a horse with severe lami-
nitis. Authors also showed that the plasma
concentrations were well below that reported to pro-
vide analgesia in humans and treatment duration
was limited to 2 days.81 It is likely that both an
increased dose and duration of treatment are needed
if gabapentin is to have efficacy in treating laminitic
horses.

Epidurals

Mechanism of action: Epidurals allow administra-
tion of analgesics at lower doses than those required
for systemic administration.

Morphine given alone (0.2 mg/kg) and when com-
bined with detomidine (30 �g/kg) for experimentally-
induced hindlimb lameness showed significantly re-
duced lameness for up to 6 hours after administra-
tion.85 In addition, horses that received this same
drug combination via epidural before stifle arthros-
copy had significantly reduced lameness and heart
rates compared to controls.86 Hence it is possible
that epidural morphine (alone or in combination
with detomidine) might have a benefit for hind-limb
laminitis. Efficacy of epidurals for horses with
forelimb disease including laminitis remains a topic
of debate. However, several studies suggest that
there may be a benefit. For example, in a study of
carpal synovitis induced with lipopolysaccharide in
ponies, either a morphine (0.1 mg/kg diluted to 0.15
mL/kg with saline) or buprenorphine epidural (5
�g/kg diluted to 0.15 mL/kg with saline) was admin-
istered. A significant reduction in lameness was
seen at 30 minutes with the morphine group and at
6 hours with the buprenorphine group, suggesting
that morphine epidural was an effective analgesic
for pain in the thoracic limbs.87

Vasodilators

Mechanism of action: Chronic laminitis is marked
by aberrant vascular patterns and hemodynamic
disturbances of lamellar tissues.88,89 Endothelin-1,
a potent vasoconstrictor has been shown to have
significantly increased expression in connective tis-
sues during chronic laminitis as opposed to acute
laminitis.90 While vasodilators have been used in
the laminitic horse in an attempt to offset this dis-
ruption, it is unknown if changes in blood flow con-
sistently occur and help with healing or alleviate
pain.

Pentoxifylline

Pentoxifylline is a rheologic agent4 that is thought to
increase blood flow in compromised vasculature by
increasing the malleability of blood cells.91 Vasodi-
latory effects are mediated through increases in pro-
duction of intracellular cyclic adenomonophosphate
and nitric oxide.92,93 Pentoxifylline has been
shown to have extremely variable absorption in the
horse after oral administration.94,95 Bioavailabil-
ity is also somewhat variable. In one study,
healthy horses received 10 mg/kg pentoxifylline PO
q12h for 8 days—bioavailability after the first dose
was 68% and decreased to 44% after the last dose.
Pentoxifylline has been shown to produce endothe-
lium-dependent and endothelium-independent re-
laxation of the equine digital veins. Pentoxifylline
also mediates improvements in systemic microvas-
cular flow and tissue oxygen delivery.92 Relaxation
of the equine digital veins was shown in vitro92;
however, use of pentoxifylline (4.4 mg/kg PO q8h for
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10 days) was not found to increase blood flow in the
digit of normal horses in an in vivo study.91 Use of
pentoxifylline has not been evaluated in laminitic
horses.

Isoxsuprine

Isoxsuprine is a peripheral vasodilating agent that
has been described as a beta receptor agonist and an
alpha adrenergic receptor antagonist.91,96 Isoxsu-
prine is also thought to decrease blood viscosity by
increasing blood flow or by increasing flexibility of
red blood cells.91 In a study of horses with navicu-
lar syndrome, improvements in clinical assessments
(lameness evaluation, hoof testers, flexion tests)
were seen after oral administration (0.6 mg/kg, 1.2
mg/kg, or 1.8 mg/kg q12h for 21 days)97 with no
differences between dosages.98

However, in a study evaluating isoxsuprine ad-
ministration to a group of healthy horses (1.2 mg/kg
q12h orally for 10 days), no significant increase in
blood flow to the digit or dorsal laminae was seen.91

Evaluation of use in the laminitic horse has not been
performed. Additionally, reports indicate that the
vasodilatory effects of isoxsuprine occur only at
doses that induce neurologic side effects in the
horse.9,91 A somewhat novel suggestion is that
isoxsuprine may have some local anesthetic proper-
ties, but again analgesia following administration
has not been evaluated in the horse.97

Acepromazine

Acepromazine is a phenothiazine tranquilizer with
no direct analgesic effects. Acepromazine has been
suggested for use in laminitic horses for its periph-
eral vasodilatory effects and potential to restore dig-
ital blood flow.91 Acepromazine has been reported
to increase arterial diameter and blood flow in the
dorsal metatarsal artery in horses.99 In addition,
IV administration at 0.06 mg/kg has been shown to
increase digital arterial and laminar blood flow in
multiple studies using normal horses.100,101 While
these studies have shown an increase in digital
blood flow in the normal horse, it is unknown if
increased blood flow occurs in the laminitic horse.
This dose is also on the higher side of what is com-
monly used for tranquilization so other side effects
(e.g., tranquilization, hypotension) could occur.

Biologics

Mechanism of action: Biologic therapies including
platelet-rich plasma (PRP) and stem cells have been
evaluated for use in the laminitic horse. These bi-
ologic therapies are thought to help alleviate pain
mainly through their anti-inflammatory activity.
Biologics may be particularly useful for cases of
chronic laminitis by antagonizing the self-perpetu-
ating catabolic and proinflammatory mechanisms
that lead to local ischemia and neuropathic pain.88

In addition to anti-inflammatory effects, stem cells
also have immunomodulatory and anti-oxidative ef-

fects that may be protective against hypoxia/reper-
fusion injury.102–104

A study evaluated return to use in a group of nine
horses with chronic laminitis treated with stem
cells. Horses received IVRP with adipose-derived
stem cells suspended in PRP. Horses received be-
tween 3 and 6 treatments at 1-month intervals.
All horses were back in use 6 months after treat-
ment. One year after treatment, 7/9 horses were
still in work.105

An additional study looked at treating a group of
15 horses with mesenchymal stem cells via IVRP or
intra-arterial stem cells. Intra-arterial stem cells
were shown to have a better distribution within the
foot than IVRP; however, no significant difference in
success by treatment route was appreciated. There
was a significant relationship between timing of
treatment and success following treatment with
stem cells. For horses treated sooner than 71.5
days after onset of laminitis, 87% were successful.
For horses treated after 71.5 days, only 53% were
successful. Treatment was also more successful in
younger horses (82% for horses �11 years of age)
versus older horses (50% for horses �11 years of
age); however, there was no significant difference
between age groups. While this study shows prom-
ise, “success” of treatment was never defined.106

There are also reports of several horses with chronic
laminitis treated with PRP injected into the coro-
nary band. These horses showed decreased lame-
ness and improved comfort level; however, no
controlled studies have been performed.88

Potential Treatment Options

Cytochrome P450 Epoxygenases

Mechanism of action: Oxidative metabolism of poly-
unsaturated fatty acids (arachidonic acid, docosa-
hexaenoic acid, eicosapentaenoic acid) result in
production of potent inflammatory mediators. Cy-
tochrome P450 mediates another pathway of poly-
unsaturated fatty acid metabolism, which includes
transformation into epoxides.81 Epoxides have
multiple biological activities, including modulation
of inflammation and nociceptive signaling.107 The
biological activity of epoxides is limited by the en-
zyme soluble epoxide hydrolase (sEH inhibitor).81

An equine study evaluated the use of an sEH
inhibitor in 10 horses with naturally occurring acute
and chronic laminitis affecting 2 to 4 feet. Eight of
the 10 horses showed significant improvements in
comfort level, as evaluated by visual analog scale
and reduced number of forelimb lifts observed (limb
shifting). Histopathology of the laminae was per-
formed on three horses who were not treated with
the sEH inhibitor. Evaluation showed increased
levels of sEH activity in the laminae of laminitic
horses compared to nonlaminitic controls.108

An additional equine study by the same author
looked at use of an sEH inhibitor in an induced
model of synovitis. Horses were treated with the
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sEH inhibitor intravenously after induction of syno-
vitis in one radiocarpal joint with lipopolysaccha-
ride. A dose of 1 mg/kg of the sEH inhibitor
produced significant antinociceptive effects, as
evaluated by visual analog scale and subjective
lameness scores. No significant anti-inflammatory
activity was present as evaluated by cell numbers,
joint effusion, and protein concentration.109

Similar findings were seen in laboratory rodent
models. An sEH inhibitor showed significantly im-
proved pain in a model of inflammatory and neuro-
pathic pain in rodents.110,111 In addition, stronger
anti-inflammatory and analgesic effects have been
seen in rodents when compared to coxibs or
NSAIDs.111,112 Unfortunately, to the author’s
knowledge there currently is no product that is com-
mercially available. In the equine studies, the drug
was synthesized by one of the authors.108,109

Resveratrol

Mechanism of action: Resveratrol is found in the
skins of certain red grapes, peanuts, blueberries,
and the roots/stalks of Japanese knotwood.113 Re-
ported benefits of resveratrol include anti-inflamma-
tory, anticancer, antimicrobial, and antioxidant.114

The antioxidative effects are thought to be due to
activity as a free radical scavenger.115

Resveratrol has been shown to be as effective as
COX inhibitors in decreasing production of IFN-�
and TNF-� by peripheral blood mononuclear cells.11

In an equine study, resveratrol administration to a
group of 20 older horses for 4 weeks was shown to
significantly decrease serum inflammatory cytokine
production.116

Another study evaluated horses fed 2000 mg res-
veratrol daily for 28 days. These horses had signif-
icantly increased superoxide dismutase activity
(provides vascular protective effect and protection
against oxidative stress) following supplementation.
However, the resveratrol product given also con-
tained 200 mg sodium hyaluronic acid, so it is un-
known which compound was of most benefit.116

An additional equine study evaluated supplementa-
tion to horses with hindlimb lameness localized to
the distal hock joints. Client-owned horses had the
distal hock joints treated with corticosteroids and
then received 1000 mg resveratrol twice daily or a
placebo supplement for 4 months. Horses that re-
ceived resveratrol showed significant improvements
in performance compared to the placebo group ac-
cording to client questionnaire. The resveratrol
group on objective lameness evaluations demon-
strated significant improvements in the amplitude
of pelvic displacement. However, there was no dif-
ference in subjective lameness scores or objective
maximum/minimum pelvic height difference using
inertial sensor assessment.117

Acetaminophen

Mechanism of action: While the mechanism for pain
modulation is not completely understood, acet-

aminophen is thought to inhibit COX-3, which is
involved in central pain perception.3 Other re-
ports have suggested that acetaminophen acts on
serotonergic and cannabinoid pain pathways in
the central nervous system (CNS).77 Acetamino-
phen also has activity as a vasodilator.100,118

Acetaminophen was reported as an effective ad-
junctive treatment in a pony with laminitis119 and
has excellent oral bioavailability.3,77 A recent
study was performed evaluating the oral adminis-
tration of acetaminophen in healthy, adult horses at
a dose of 20 mg/kg for 14 days. Gastroscopy was
performed at the start of the study and at the end of
the 14-day course; no significant changes in gastros-
copy scores were seen. Liver biopsies were also
performed, which showed mild evidence of portal
inflammation in all horses; however, horses showed
no signs of hepatic dysfunction. A mild increase in
total bilirubin was also found on serum chemical
analysis.120

Amitriptyline

Mechanism of action: Amitriptyline is a tricyclic an-
tidepressant and is thought to have analgesic effects
by its action on �-2 adrenoreceptors and its ability to
block sodium channels.77,121 Amitriptyline also
has anticholinergic and antihistamine properties122

and has also been shown to be a serotonin reuptake
inhibitor, which then enhances the action of sero-
tonin at the spinal terminals of the opioid-mediated
intrinsic analgesic system.49

In a rat study, addition of amitriptyline signifi-
cantly improved analgesia as measured by the tail-
flick test when compared to administration of
morphine alone.123 While there are reports of use
in the horse,3,77 to date no controlled studies have
been performed.

Grapiprant

Mechanism of action: Grapiprant is a prostaglandin
receptor antagonist with specific and potent activity
against the PGE2 EP4 receptor with anti-inflamma-
tory and analgesic effects.124

Multiple canine studies have shown effective pain
relief in dogs with osteoarthritis124 with no signifi-
cant side effects with long-term use.125 A study in
12 healthy, adult horses evaluated the safety and
pharmacokinetics following a single dose of grap-
iprant at 2 mg/kg by mouth. No adverse effects
were noted. Grapriprant was able to be measured
within the serum for 72 hours post-administra-
tion.126 To date, no studies evaluating the analge-
sic effects in the horse have been performed.

3. Non-Pharmaceutical Treatment Options

Digital Hypothermia

Mechanism of action: Digital hypothermia (icing) of
the distal limb of the horse can decrease pain by
decreasing inflammation within the foot.9 In addi-
tion, digital hypothermia may have a protective ef-
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fect on the tissues due to a reduction in energy
metabolism, mitochondrial dysfunction, and free-
radical production.127 The recommended hoof wall
therapeutic surface temperature is 5° to 10°C sus-
tained for 48 to 72 hours.128 A comparative study
evaluating various methods of icing the digit showed
that ice and water immersion methods that included
both the foot and the distal limb were effective at
reaching this temperature. Commercially avail-
able dry icing units did not reach the targeted tissue
temperature.128

In multiple experimental studies of induced lami-
nitis, digital hypothermia performed just below the
carpus for 72 hours at the induction of laminitis sig-
nificantly reduced lamellar injury129–131 compared to
controls. Horses also showed significantly improved
clinical signs of laminitic pain for 7 days following 72
hours of continuous digital hypothermia.132

There is conflicting information about the efficacy
of initiating digital hypothermia after lameness
associated with laminitis is present. One study
demonstrated that a protective effect was still pres-
ent with significantly reduced lamellar injury ob-
served.130 However, another study showed no
reduction in the lamellar concentration of molecules
associated with inflammatory signaling when
digital hypothermia was initiated after signs of
laminitis versus initiation at the time of laminitis
induction.68

While no studies have shown a detrimental effect
of digital hypothermia in the laminitic horse, there
is thought that therapy must be performed continu-
ously rather than intermittently. Otherwise, vaso-
dilation and rebound hyperemia could occur once
the feet are removed from the ice water.2

Acupuncture

Mechanism of action: Acupuncture can mediate an-
algesia by modulating nociceptive input at the level of
the dorsal horn of the spinal cord133and by endogenous
opioid release after stimulation of receptor sites in the
dorsal horn of the spinal cord.134 Acupuncture stim-
ulates descending inhibitory pathways, leading to
norepinephrine and serotonin release in addition to
endogenous opioids. Electroacupuncture uses stimu-
lation of the acupuncture needles with a mild electrical
current, and may provide more analgesia than dry-
needle acupuncture.135

Several laboratory animal studies have shown
positive effects of electroacupuncture. In one ro-
dent study, rats with induced osteoarthritis received
either no treatment, treatment with electroacupunc-
ture, or electroacupuncture with an opioid antago-
nist, serotonin antagonist, or dopamine antagonist
given via intraperitoneal injection before electro-
acupuncture was performed. Significantly more
weight bearing was noted in the electroacupuncture
group versus the control and antagonist groups,
demonstrating that the mechanism of action of elec-
troacupuncture is similar to stimulation of opioid,
serotonin, and dopamine receptors.135 Other ro-

dent studies showed that electroacupuncture is
effective at modulating chronic inflammatory
pain.136,137

Benefit has also been shown in horses. In one
equine study, dry-needle acupuncture and electroa-
cupuncture significantly increased the cutaneous
pain thresholds in the lumbar region with thermal
and electrical stimulation. In addition, �-endor-
phin cerebrospinal fluid concentrations were signif-
icantly increased at 30 and 120 minutes following
electroacupuncture.134 An additional equine study
showed alleviation of pain in 6/7 horses with chronic
laminitis following acupuncture treatment. In ad-
dition, these horses had a reduced need for analgesic
medications; however, only subjective evaluation of
pain was used for assessment and the duration of
the analgesic effect was not described.98

Manual Therapies

Mechanism of action: Horses with chronic laminitis
can experience significant comorbidities throughout
the axial skeleton as they compensate for pain
originating from their feet. Manual therapies, in-
cluding spinal manipulation, massage, and physio-
therapy can be of benefit to help treat this secondary
pain. Manual therapies can induce relaxation and
are thought to increase pain thresholds by stimulat-
ing release of endorphins and serotonin. Spinal
manipulation alleviates pain by means of gate-
control theory by inducing stretch of spinal mecha-
noreceptors that then decrease central sensitization.
Massage is thought to modulate local blood flow and
oxygenation of tissues.138

No studies have been performed in the laminitic
horse; however, massage and soft-tissue mobiliza-
tion are thought to increase blood flow, decrease mus-
cle hypertonicity, and speed return to normal function;
however, few controlled studies have been per-
formed.138 A study of horses with back pain showed
that following massage, mechanical nociceptive
thresholds were increased in the thoracolumbar re-
gion.139 Other studies have also demonstrated an in-
crease in mechanical nociceptive thresholds following
chiropractic treatments.139–141 An additional equine
study showed that passive stretching helps signifi-
cantly increase stride length, increase joint range of
motion, and improves overall comfort.138

Transcutaneous Electrical Nerve Stimulation

Mechanism of action: transcutaneous electrical
nerve stimulation (TENS) uses electrical current ap-
plied via surface electrodes to preferentially stimu-
late peripheral nerves and is used primarily for pain
modulation.142,143 Similar to acupuncture, there
are two proposed mechanisms for the antinocicep-
tive effects of TENS: 1) Gate control theory: re-
duction of pain input at the dorsal horn of the spinal
cord secondary to stimulation of peripheral mecha-
noreceptors, and 2) opiate-mediated pain control:
TENS stimulates release of endorphins and their
precursors into the cerebrospinal fluid.134

252 2020 � Vol. 66 � AAEP PROCEEDINGS

SPORTS MEDICINE AND REHABILITATION



To date, there are no studies evaluating use
of TENS in horses. However, human studies sug-
gest that TENS may be a viable option for pain
control. TENS has been shown to alleviate proce-
dural pain in humans during dental procedures (mi-
nor tooth extractions, cavity preparations, intraoral
injections) and to reduce post-operative pain, anal-
gesic consumption, nausea/vomiting, and speed of
recovery.143 TENS was shown to be effective for
reducing acute post-operative pain in people if elec-
trodes were placed close to the incision and a strong,
definite, subnoxious (maximal tolerable) sensation
was achieved.142 TENS is commonly recommended
for use in humans with chronic pain in addition to
medication. Benefits have been reported in 60% of
patients during the first few months of use. How-
ever, this effect is noted to diminish over time.142

Not all human studies show support for use of
TENS. In a randomized human study evaluating
use of TENS for chronic lower-back pain, there was
no significant improvement in pain even when pa-
tients were educated on how to correctly use the
TENS unit.144 In addition, variable efficacy is
present when evaluating pain modulation for people
with rotator cuff tears, sciatica, and fibromyalgia.142

Therapeutic Shoeing/Trimming

Therapeutic shoeing and trimming can provide tre-
mendous pain relief in the laminitic horse and is a
critical component for long-term management of
these cases. Because this topic has been covered
extensively elsewhere by experts in the field,4,106,145

it will not be covered in this review.

4. Case Examples

The case examples below show a potential multi-
modal approach to treating acute and chronic lami-
nitis. Many treatment options are available, based
on clinician experience and preference.

Acute Laminitis

Treatment in the Field

A 14-year-old Quarter Horse gelding unlocks the
door to the feed room and consumes half a bag of
sweet feed. Within 24 hours the gelding is acutely
grade 4/5 forelimb lame with moderately increased
digital pulses in both front feet and the horse has
adopted the classic laminitic stance.

Pain Management Strategies

● NSAIDs: Administration of phenylbutazone
at 4.4 mg/kg PO twice daily for 3 to 5 days,
then tapered to 2.2 mg/kg PO twice
daily. The dose is further reduced to 2.2
mg/kg once daily as the horse’s pain level will
allow. If phenylbutazone alone is not suffi-
cient, administration of 2.2 mg/kg phenylbuta-
zone PO twice daily plus 1.1 mg/kg flunixin PO
twice daily for 2 to 3 days can be considered.

● Digital hypothermia: Ice and water are
placed in an ice boot that includes the foot and
distal limb and secured to the horse’s front
feet. This is changed as frequently as possi-
ble by the owner. At times when the digital
hypothermia is not possible, the horse is kept
in cushioned boots that provide frog and sole
support. If unable to ice, the horse is placed
in a cushioned boot at all times.

● Acupuncture: Perform both dry-needle and
electroacupuncture, choosing points aimed at
targeting the front feet. Treatment is per-
formed 1 to 2 times weekly.

● TENS: A region of hair is clipped over the
cranial thoracic region, just off dorsal midline.
The TENS pads are applied after wetting the
area and applying a small amount of coupling
gel. The TENS unit itself is secured to the
mane. Chronic pain settings are used despite
the acute nature of the laminitis and the unit
is applied to 30 minutes twice daily. This is to
stimulate endogenous opioid release—this will
allow pain relief that lasts beyond the time the
TENS unit is removed.

● Topical diclofenac: The hair above the coro-
nary band is clipped. When not icing, topical
diclofenac ointment is applied over the coro-
nary band, 1 to 2 times daily.

Treatment in the Hospital

A 12-year-old Warmblood mare is presented to an
equine referral hospital for acute colitis and endo-
toxemia. While being treated for this condition, the
mare develops acute bilateral forelimb laminitis.

Pain management strategies to target the lamin-
itis are below (other treatments are also being per-
formed to treat the colitis and endotoxemia):

● NSAIDs: Administer phenylbutazone at 4.4
mg/kg IV twice daily for the first 3 to 5
days. This dose is then tapered, as dictated by
the horse’s comfort level. Because of the endo-
toxemia present, flunixin at 1.1 mg/kg IV q12h is
also a reasonable choice. If phenylbutazone
alone is not sufficient, administration of 2.2
mg/kg phenylbutazone IV twice daily plus 1.1
mg/kg flunixin IV twice daily for 2 to 3 days can
be considered.

● Digital hypothermia: Ice and water are
placed in an ice boot that includes the foot and
distal limb and secured to the horse’s front
feet. The boots are regularly refilled with ice,
such that icing is continuous for at least 72
hours.

● Acupuncture: Perform both dry-needle and
electroacupuncture, choosing points aimed at
targeting the front feet. Treatment is per-
formed 1 to 2 times weekly.

● TENS: A region of hair is clipped over the
cranial thoracic region, just off dorsal midline.
The TENS pads are applied after wetting the
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area and applying a small amount of coupling
gel. The TENS unit itself is secured to the
mane. Chronic pain settings are used despite
the acute nature of the laminitis and the unit
is applied to 30 minutes twice daily. This is to
stimulate endogenous opioid release—this will
allow pain relief that lasts beyond the time the
TENS unit is removed.

● Fentanyl patch: 2 � 10-mg fentanyl patches
are applied over the antebrachium after clip-
ping the hair. They are covered with elasti-
con to keep them in place. The patches are
changed every 36 to 48 hours.

● Perineural analgesia: 3 mL of 0.5% bupiva-
caine is injected over the medial and lateral
palmar nerves at the level of the fetlock (abax-
ial nerve block) every 12 to 24 hours.

● Morphine: 0.1 mg/kg morphine is given IM
as needed, not to exceed a frequency q3h
administration.

Chronic Laminitis

Treatment in the Field

A 25-year-old Paint gelding previously diagnosed
with pituitary pars intermedia dysfunction (PPID)
has a history of multiple episodes of laminitis affect-
ing the front feet. While previous episodes have
improved after a few days of phenylbutazone, this
episode has already lasted 14 days with no signs of
improving. The horse has been on 2 g phenylbuta-
zone by mouth twice daily for the last 14 days.
His appetite has decreased, and he has mildly loose
stool. Radiographs show 3° to 5° rotation of the
coffin bone in both front feet and chronic remodeling
of the distal aspect of P3. On palpation, marked
muscle hypertonicity and sensitivity is present
through the brachiocephalicus bilaterally, as well as
over the thoracolumbar epaxial musculature. The
horse appears to be hypersensitive to light touch
over the back and neck, and wind-up pain is
suspected.

Pain Management Strategies

NSAIDs: Because of the reduced appetite and loose
stool, place the horse on firocoxib, 3 � 57-mg tablets
are given on the first day, followed by 1 � 57 mg
tablet once daily by mouth.

Supportive, therapeutic trimming/shoeing: Rec-
ommend placing the horse in a therapeutic boot that
provides support over the frog/sole as well as cush-
ioning. Then consult with the horse’s farrier to
have therapeutic trimming/shoeing performed.

Gabapentin: Gabapentin is prescribed at 20
mg/kg q12h PO. This dose is slowly tapered over 3
to 4 weeks once the wind-up pain has resolved.
Tapering of the dose (reducing total dose by 1⁄2 every
week) has been advised to prevent rebound pain.

Acupuncture: Perform both dry-needle and elec-
troacupuncture; acupuncture points are chosen that
target the front feet. Treatment is performed once

weekly for 3 to 4 weeks, then once every 2 to 4
weeks, depending on the horse’s response to treat-
ment. Local points are also chosen over the neck
and back to help with secondary muscle pain, as
tolerated by the patient. This treatment may not
be tolerated by the horse until the wind-up pain is
addressed.

TENS: TENS is applied for 30 minutes 2 to 3
times per day in the same manner as for acute
laminitis.

Manual therapy: Advise the owner to purchase a
massager to gently massage over the back and neck,
as tolerated by the patient. Gentle physiotherapy
exercises, such as back wiggles, are also prescribed.
It may not be possible to perform this treatment
until the wind-up pain is addressed.

Topical diclofenac: The hair above the coronary
band is clipped. Topical diclofenac ointment is ap-
plied over the coronary band, twice daily.

Lidocaine patches: After clipping the hair in the
pastern region, 5% lidocaine patches are placed over
the palmar digital nerves and secured with elasti-
con. The duration of effect of the patches is not
known, so it is elected to change the pads every 8 to
12 hours.

Biologics: IVRP with mesenchymal stem cells is
performed at 1-month intervals for 3 to 6 treat-
ments. After placing a tourniquet above the fet-
lock, 20 to 30 million stem cells suspended in
lactated ringer’s solution are infused in the palmar
digital vein. Intra-arterial administration via the
palmar digital or medial artery could also be consid-
ered. No tourniquet is used if intra-arterial injec-
tion is to be performed.

Treatment in the Hospital

A 5-year-old Thoroughbred gelding has been hospi-
talized for the past 3 weeks following fracture repair
of the left hindlimb (LH) proximal phalanx. The
horse has been only intermittently weight-bearing
on the LH limb and has laminitis in the right
hindlimb (RH) foot. The horse also has marked
sensitivity to palpation of the gluteal and lumbar
epaxial musculature, and central sensitization is
suspected.

Pain Management Strategies

● NSAIDs: The horse is maintained on 2.2
mg/kg phenylbutazone IV twice daily, care-
fully monitoring the horse’s kidney values,
albumin, appetite, and stool. If phenylbuta-
zone alone is not sufficient, administration of
4.4 mg/kg phenylbutazone IV twice daily or 2.2
mg/kg phenylbutazone IV twice daily plus 1.1
mg/kg flunixin IV twice daily for 2 to 3 days
can be considered.

● Supportive or therapeutic boot: A cushioned
boot is applied to the RH foot.

● Acupuncture: Perform both dry-needle and
electroacupuncture; acupuncture points are
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chosen that target the hind feet. Treatment
is performed once weekly for 3 to 4 weeks, then
once every 2 to 4 weeks, depending on the
horse’s response to treatment. Local points
are also chosen over lumbar and gluteal region
to help with secondary muscle pain, as toler-
ated by the patient. This treatment may not
be tolerated by the horse until the wind-up
pain is addressed.

● TENS: TENS is applied for 30 minutes 2 to 3
times per day in the same manner as for acute
laminitis.

● Manual therapy: A massager is applied over
the thoracolumbar and gluteal musculature
daily, as tolerated by the patient. This treat-
ment may not be tolerated by the horse until
the wind-up pain is addressed.

● Epidural: An epidural consisting of morphine
at 0.2 mg/kg and detomidine at 30 �g/kg is
administered via epidural catheter every 12
hours.

● Gabapentin: Gabapentin is prescribed at 20
mg/kg q12h PO. This dose is slowly tapered
over 3 to 4 weeks once the wind-up pain has
resolved. Tapering of the dose (reducing total
dose by 1⁄2 every week) has been advised to
prevent rebound pain.

● Biologics: IVRP with mesenchymal stem
cells is performed at 1-month intervals for 3 to
6 treatments. After placing a tourniquet
above the fetlock, 20 to 30 million stem cells
suspended in lactated ringer’s solution are in-
fused in the palmar digital vein. Intra-arte-
rial administration via the palmar digital or
medial artery could also be considered. No
tourniquet is used if intra-arterial injection is
to be performed.

5. Summary

Pain management of the laminitic horse can be ex-
tremely challenging. Given the various types of
pain these horses experience, a multimodal ap-
proach to pain management of the laminitic horse is
necessary. While evidence for pharmaceutical and
non-pharmaceutical approaches in the laminitic
horse is somewhat limited, multiple treatment op-
tions are available.
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88. Carmona JU, Gómez WA, López C. Could platelet-rich
plasma be a clinical treatment for horses with laminitis? J
Equine Vet Sci 2018;61:46–57.

89. Keen JA, Hillier C, McGorum BC, et al. Endothelin-medi-
ated contraction of equine laminar veins. Equine Vet J
2008;40:488–492.

90. Katwa LC, Johnson PJ, Ganjam VK, et al. Expression of
endothelin in equine laminitis. Equine Vet J 1999;31:243–
247.

91. Ingle-Fehr JE, Baxter GM. The effect of oral isoxsuprine
and pentoxifylline on digital and laminar blood flow in
healthy horses. Vet Surg 1999;28:154–160.

92. Kabbesh N, Gogny M, Chatagnon G, et al. Vasodilatory
effect of pentoxifylline in isolated equine digital veins. Vet
J 2012;192:368–373.

93. Kaye AD, Ibrahim IN, Kadowitz PJ, et al. Analysis of
response to pentoxifylline in the pulmonary vascular bed of
the cat. Crit Care Med 1996;24:263–267.

94. Crisman MV, Wilcke JR, Correll LS, et al. Pharmacoki-
netic disposition of intravenous and oral pentoxifylline in
horses. J Vet Pharmacol Ther 1993;16:23–31.

95. Liska DA, Akucewich LH, Marsella R, et al. Pharmacoki-
netics of pentoxifylline and its 5-hydroxyhexyl metabolite
after oral and intravenous administration of pentoxifylline
to healthy adult horses. Am J Vet Res 2006;67:1621–1627.

96. Harkins JD, Mundy GD, Stanley S, et al. Character and
duration of pharmacological effects of intravenous isoxsu-
prine. Equine Vet J 1996;28:320–326.

97. Lopez HS, Hoyos Sepulveda ML, Brumbaugh G. Pharma-
cologic and alternative therapies for the horse with chronic
laminitis. Vet Clin North Am Equine Pract 1999;15:495–
516.

98. Turner AS, Tucker CM. The evaluation of isoxsuprine hy-
drochloride for the treatment of navicular disease: A double
blind study. Equine Vet J 1989;21:338–341.

99. Walker M, Geiser DR. Effects of acepromazine on the he-
modynamics of the equine metatarsal artery, as determined
by two-dimensional real-time and pulsed doppler ultra-
sonography. Am J Vet Res 1986;47:1075–1078.

100. Hunt RJ, Brandon CI, McCann ME. Effects of acetyl-
promazine, xylazine, and vertical load on digital arterial
blood flow in horses. Am J Vet Res 1994;55:375–378.

101. Adair HS, Goble DO, Shires GMH. Evaluation of laser
doppler flowmetry for measuring coronary band and lami-
nar microcirculatory blood flow in clinically normal horses.
Am J Vet Res 1994;55:445–449.

102. Inan M, Bakar E, Cerkezkayabekir A, et al. Mesenchymal
stem cells increase antioxidant capacity in intestinal isch-
emia/reperfusion damage. J Pediatr Surg 2017;52:1196-

103. Gu W, Hong X, Potter C, et al. Mesenchymal stem cells
and vascular regeneration. Microcirculation 2017;24:1–15.

104. Prockop DJ, Oh JY. Mesenchymal stem/stromal cells
(MSCs): Role as guardians of inflammation. Mol Ther
2012;20:14–20.

105. Angelone M, Conti V, Biacca C, et al. The contribution of
adipose tissue-derived mesenchymal stem cells and platelet-
rich plasma to the treatment of chronic equine laminitis: A
proof of concept. Int J Mol Sci 2017;18:1–17.

106. Morrison S. Chronic laminitis: Foot management. Vet
Clin North Am Equine Pract 2010;26:425–446.

107. Murakami M. Lipid mediators in life science. Exp Anim
2011;60:7–20.

AAEP PROCEEDINGS � Vol. 66 � 2020 257

SPORTS MEDICINE AND REHABILITATION



108. Guedes A, Galuppo L, Hood D, et al. Soluble epoxide hy-
drolase activity and pharmacologic inhibition in horses with
chronic severe laminitis. Equine Vet J 2017;49:345–351.

109. Guedes AGP, Aristizabal F, Sole A, et al. Pharmacokinet-
ics and antinociceptive effects of the soluble epoxide hydro-
lase inhibitor t-TUCB in horses with experimentally
induced radiocarpal synovitis. J Vet Pharmacol Ther 2018;
41:230–238.

110. Inceoglu B, Jinks SL, Schmelzer KR, et al. Inhibition of
soluble epoxide hydrolase reduces LPS-induced thermal hy-
peralgesia and mechanical allodynia in a rat model of in-
flammatory pain. Life Sci 2006;79:2311–2319.

111. Inceoglu B, Schmelzer KR, Morisseau C, et al. Soluble
epoxide hydrolase inhibition reveals novel biological func-
tions of epoxyeicosatrienoic acids (EETs). Prostaglandins
Other Lipid Mediat 2007;82:42–49.

112. Wagner K, Inceoglu B, Hammock BD. Soluble epoxide hy-
drolase inhibition, epoxygenated fatty acids and nocicep-
tion. Prostaglandins Other Lipid Mediat 2011;96(1–4):76–
83.

113. Pervaiz S. Resveratrol: From grapevines to mammalian
biology. FASEB J 2003;17(14):1975–1985.

114. Harikumar KB, Aggarwal BB. Resveratrol: a multitar-
geted agent for age-associated chronic diseases. Cell Cycle
2008;7:1020–1037.

115. Xia EQ, Deng GF, Guo YJ, et al. Biological activities of
polyphenols from grapes. Int J Mol Sci 2010;11:622–646.

116. Ememe MU, Mshelia WP, Ayo JO. Ameliorative effects of
resveratrol on oxidative stress biomarkers in horses. J
Equine Vet Sci 2015;35:518–523.

117. Watts AE, Dabareiner R, Marsh C, et al. A randomized,
controlled trial of the effects of resveratrol administration in
performance horses with lameness localized to the distal
tarsal joints. J Am Vet Med Assoc 2016;249:650–659.

118. Leise BS, Fugler LA, Stokes AM, et al. Effects of intramus-
cular administration of acepromazine on palmar digital
blood flow, palmar digital arterial pressure, transverse fa-
cial arterial pressure, and packed cell volume in clinically
healthy, conscious horses. Vet Surg 2007;36:717–723.

119. West E, Bardell D, Morgan R, et al. Use of acetaminophen
(paracetamol) as a short-term adjunctive analgesic in a
laminitic pony. Vet Anaesth Analg 2011;38:521–522.

120. Mercer MA, McKenzie HC, Davis JL, et al. Pharmacoki-
netics and safety of repeated oral dosing of acetaminophen
in adult horses. Equine Vet J 2020;52:120–125.

121. Song JH, Ham SS, Shin YK, et al. Amitriptyline modula-
tion of Na� channels in rat dorsal root ganglion neu-
rons. Eur J Pharmacol 2000;401:297–305.

122. Kruger JM, Conway TS, Kaneene JB, et al. Randomized
controlled trial of the efficacy of short-term amitriptyline
administration for treatment of acute, nonobstructive, idio-
pathic lower urinary tract disease in cats. J Am Vet Med
Assoc 2003;222:749–758.

123. Botney M, Fields HL. Amitriptyline potentiates morphine
analgesia by a direct action on the central nervous system.
Ann Neurol 1983;13:160–164.

124. Rausch-Derra L, Huebner M, Wofford J, et al. A prospec-
tive, randomized, masked, placebo-controlled multisite clin-
ical study of grapiprant, an EP4 prostaglandin receptor
antagonist (PRA), in dogs with osteoarthritis. J Vet Intern
Med 2016;30:756–763.

125. Rausch-Derra LC, Huebner M, Rhodes L. Evaluation of
the safety of long-term, daily oral administration of grap-
iprant, a novel drug for treatment of osteoarthritic pain and
inflammation, in healthy dogs. Am J Vet Res 2015;76:853–
859.

126. Knych HK, Seminoff K, McKemie DS. Detection and phar-
macokinetics of grapiprant following oral administration to
exercised Thoroughbred horses. Drug Test Anal 2018;10:
1237–1243.

127. Schmitt KRL, Tong G, Berger F. Mechanisms of hypother-
mia-induced cell protection in the brain. Mol Cell Pediatr
2014;1:4–8.

128. van Eps AW, Orsini JA. A comparison of seven methods
for continuous therapeutic cooling of the equine
digit. Equine Vet J 2016;48:120 –124.

129. Stokes SM, Belknap JK, Engiles JB, et al. Continuous
digital hypothermia prevents lamellar failure in the eugly-
caemic hyperinsulinaemic clamp model of equine laminitis.
Equine Vet J 2019;51:658–664.

130. van Eps AW, Pollitt CC, Underwood C, et al. Continuous
digital hypothermia initiated after the onset of lameness
prevents lamellar failure in the oligofructose laminitis
model. Equine Vet J 2014;46:625–630.

131. Eps AW, Pollitt CC. Equine laminitis: cryotherapy reduces
the severity of the acute lesion. Equine Vet J 2010;36:255–
260.

132. van Eps AW, Pollitt CC. Equine laminitis model: Cryo-
therapy reduces the severity of lesions evaluated seven days
after induction with oligofructose. Equine Vet J 2009;41:
741–746.

133. Tobaldini G, Aisengart B, Lima MMS, et al. Ascending
nociceptive control contributes to the antinociceptive effect
of acupuncture in a rat model of acute pain. J Pain 2014;
15:422–434.

134. Skarda RT, Tejwani GA, Muir WW. Cutaneous analgesia,
hemodynamic and respiratory effects, and �-endorphin con-
centration in spinal fluid and plasma of horses after acu-
puncture and electroacupuncture. Am J Vet Res 2002;63:
1435–1442.

135. Yoo YC, Oh JH, Kwon TD, et al. Analgesic mechanism of
electroacupuncture in an arthritic pain model of rats: A
neurotransmitter study. Yonsei Med J 2011;52:1016–
1021.

136. Huang C, Hu ZP, Long H, et al. Attenuation of mechanical
but not thermal hyperalgesia by electroacupuncture with
the involvement of opioids in rat model of chronic inflam-
matory pain. Brain Res Bull 2004;63:99–103.

137. Koo ST, Lim KS, Chung K, et al. Electroacupuncture-in-
duced analgesia in a rat model of ankle sprain pain is
mediated by spinal �-adrenoceptors. Pain 135:11–19,
2008.

138. Haussler KK. The role of manual therapies in equine pain
management. Vet Clin North Am Equine Pract 2010;26:
579–601.

139. Sullivan KA, Hill AE, Haussler KK. The effects of chiro-
practic, massage and phenylbutazone on spinal mechanical
nociceptive thresholds in horses without clinical
signs. Equine Vet J 2008;40:14–20.
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Effects of Horseshoe Characteristics and Surface

Composition on Shear Forces on the Equine Digit

Tara Doherty, BA*; Christina Rohlf, MS; and

Susan M. Stover, DVM, PhD, DACVS

Optimizing shear force with manageable surface factors and horseshoe characteristics may have the

potential to enhance limb biomechanics for injury prevention. The addition of fiber to a sand surface

resulted in differences in shear properties and horseshoe traction characteristics altered the shear

force most notably on the synthetic surface. Authors’ address: J.D. Wheat Veterinary Orthopedic

Research Laboratory, Department of Surgical and Radiological Sciences, School of Veterinary Med-

icine, University of California–Davis, Davis, CA 95616; e-mail: tdoherty@ucdavis.edu. *Corre-

sponding and presenting author. © 2020 AAEP.

1. Introduction

Horseshoe characteristics and ground surface prop-
erties affect limb kinematics and incidence of injury.
This project compared the effects of arena surface
material and horseshoe traction characteristics on
shear forces on the equine digit.

2. Materials and Methods

Shear properties and vertical displacement were
studied with eight paired equine cadaver hooves on
dirt (sand) and synthetic (sand with fiber) surfaces
at increasing normal loads (50, 100, 150, 200, and
225 lb). Hooves were shod with positive, neutral,
and negative traction characteristics; and unshod
hooves served as a control. Shear data were used
to calculate angle of internal friction and cohesion.
A repeated-measures ANOVA assessed the effects of
horseshoe characteristics, surface material, and
their interaction on shear properties (P � .05).

3. Results and Discussion

Surface material had a greater effect than horse-
shoe traction characteristics on shear properties.

This may indicate that the addition of fiber alone
to surface material can significantly alter the
shear forces. The synthetic surface experienced
greater forces that resist horizontal movement ev-
idenced by larger values of normalized maximum
shear force (P � .05) and angle of internal friction
(P � .05). Surface-specific differences among
horseshoe traction characteristics were more pro-
nounced on the synthetic surface.
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Association of mRNA Biomarkers with

Catastrophic Racing Injuries in Thoroughbreds

Allen Page, DVM, PhD*; Emma Adam, BVetMed, PhD, DACVIM, DACVS;
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Results suggest that analysis of messenger RNA expression using select genes could be an economical,

effective, and non-invasive means by which individual racehorses at risk for catastrophic injury can be

identified. Authors’ addresses: University of Kentucky Maxwell H. Gluck Equine Research Center,
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1. Introduction

It has been established that many catastrophic
injuries (CIs) occur in limbs with underlying or pre-
existing pathology. While the detection of protein
biomarkers for equine injuries has been explored as a
means of early injury detection in racehorses, the mea-
surement of messenger RNA (mRNA) has not. The
objective of this study was to determine whether those
horses with a CI during racing demonstrate increased
inflammatory mRNA expression at the time of their
injury when compared to non-injured control horses.

2. Materials and Methods

Prospective study in which peripheral blood samples
were collected into Tempus tubes either pre-race or

post-race from non-injured horses (n � 545) or imme-
diately post-CI (n � 100). Sample collection took
place from September 2017 to January 2020 and
included 5 different racing jurisdictions from across
the United States. RNA was isolated from Tempus
tubes and subjected to RT-qPCR for 20 different
genes. Relative quantities of expression were cal-
culated and analyzed for each gene using analysis of
variance and receiver operating characteristic curve
analysis.

3. Results

Twelve genes were excluded from data analysis due
to post-race, exercise-related effects. Of the 8 re-
maining genes, ALOX5AP, IGF1, IL-6, and MMP2
were significantly different in injured horses com-
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pared to non-injured horses, and calculated sensitiv-
ities/specificities for identifying injured horses were
63%, 72%, 63%, and 78%, respectively. Addition-
ally, there were significant differences between
specific injury types (e.g., proximal sesamoid bone
fractures) and non-injured controls. The largest
number of CIs in this study involved horses in claim-
ing races (50%) and horses that were 3 to 4 years old
at the time of their injury (66%), while proximal
sesamoid bone fractures (uniaxial or biaxial) were
noted to have the highest frequency in injured
horses (38%).

4. Discussion

Although ALOX5AP and IL-6 had relatively low sen-
sitivities/specificities with respect to identifying in-
jured horses, increased IGF1 and MMP2 expression
was such that they could play a role as a predictor
for impending CI. This is further supported by sig-
nificantly increased expression in certain fracture
types as well as the important role these two bio-
markers are known to play in bone development and
fracture repair. While these findings should be

confirmed through a large-scale study utilizing
pre-race/pre-training samples only, the data pro-
vided by this study suggests that mRNA expression
analysis may provide an economical, effective, and
non-invasive means by which most horses at risk for
CIs can be identified.
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What Practitioners Should Know About

Corporate Practices: Buying and Selling

Charlotte Lacroix, DVM, JD
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1. Introduction

The landscape of veterinary practice is definitely
changing, with corporate buyers investing heavily—
and this isn’t a brand-new trend. In fact, DVM 360
offers up these examples from 2007:

● Summit Partners, a private equity and ven-
ture capital firm, invested $128 million in Na-
tional Veterinary Associates (NVA); at that
point, NVA owned the most freestanding vet-
erinary hospitals in the United States: 99 of
them in 29 states.

● VCA Antech, Inc. bought Healthy Pet Corp.
and its 44 hospitals for $152.9 million, bring-
ing their holdings to 450� clinics in the
country.

By 2016, approximately 10% of practices are corpo-
rately owned.

Some people, upon hearing these stories, have
rung the death knell for single-doctor practices.
DVM 360, in the 2007 article, begged to differ, point-
ing out that VCA Antech—after more than 20 years
of being in business—still only owned approximately
450 hospitals out of the country’s 31,000-plus
practices.

So, is it possible to continue to maintain a prac-
tice, and even compete with the corporate giants?

Definitely. Although the percentage of corporately
owned practices has increased, in 2016 there are
still 90% that are NOT owned by corporations.

But what if a private practice owner wants to sell
a practice? Does it make sense to consider a corpo-
rate buyer?

To help answer that question, here are insights
into why a veterinary practice can be seen as an
attractive investment by corporate buyers; the pros
and cons of selling to one; maximizing the sales
price; tax and legal implications and more—along
with information about how a private practice can
buy another one when going up against a corporate
buyer.

2. Behind-the-Scenes of Corporate Decisions

Reasons that investors like veterinary practices
are listed below:

● Veterinarians get paid at time of service, un-
like human medicine, where doctors need to
wait for insurance reimbursement.

● Malpractice insurance costs are significantly
lower than in human medicine and emotional
damage payments are still much lower.

● The veterinary industry has grown steadily for
more than 40 years, even during 5 recessions.
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Lest this seems like a slam dunk for corporate buy-
outs, consider this: investors need to buy approxi-
mately 50 hospitals before they benefit from
consolidated infrastructure. So, even if they were
to buy one hospital a month, it would still take more
than 4 years to reach that tipping point.

3. Selling a Practice to a Corporate Buyer

Some practice owners willingly sell to corporate buy-
ers. Advantages of selling include the following:

● Being offered a good price: if a veterinarian
sees an excellent way to maximize profit—and
corporate investors often offer top dollar—then
it may make sense to sell.

● Speed of transaction: whereas an associate
buy-in can take several years, corporate inves-
tors can close a deal much more quickly.

● Reducing the challenges of management:
if a veterinarian just wants to practice medi-
cine and dislikes business aspects, selling can
make good sense.

● Having necessary capital to upgrade facilities
and equipment.

● Receiving the benefits of collective wisdom.

Other potential reasons for selling range from the
increasing numbers of baby boomers who are ready
to retire without an associate ready to buy to young
veterinarians with plenty of student loan debt who
don’t want to go even further in debt by buying a
practice.

Disadvantages to selling a practice to a corporate
buyer can include the following:

● Impact to the clients: If clients have chosen a
practice because of the one-on-one relation-
ships formed with practice doctors and staff,
they may not be satisfied with a corporate
practice environment, perhaps seeking out a
new veterinarian even before giving the new
corporate buyer a chance.

● Impact on the staff, including other doctors:
Employees are a practice’s most valuable asset
and, if a sale causes them to have concerns
about their future employment (perhaps as-
suming that a corporate buyer will ease in its
own team or that the work culture will change
too drastically), then key employees may de-
cide to seek a job with another practice.

● Corporate requirements: A corporate buyer
will likely ask for continuing owner/veterinar-
ian employment for a period of time after the
sale, along with a large non-compete geogra-
phy and non-compete agreements with prac-
tice associates.

4. Managing Staff and Client Expectations and Fears

If a sale to a corporate buyer is going to take place,
it can make sense for current practice owners to
work in tandem with the corporate buyer to share

information about the sale/transition as transpar-
ently as possible with both the practice team and
clients.

When a family- or founder-run practice is being
sold, it can be hard for employees and clients to
separate the people who have cared for their pet
companions from the business itself. They may
have concerns about how the practice will now be
run differently and how the care may change. To
calm the waters, it can help to acknowledge that this
will be a change, but that quality of care and con-
cerns for employees’ wellbeing will remain para-
mount. If the practice team has largely agreed to
stay, it can help to share that with the clients.

5. Selling Versus Leasing

When selling a practice, there are two main compo-
nents: selling the practice itself and selling the
real estate. Typically, the corporate buyer will
want to purchase both—and may not consider the
deal under a leasing agreement. So, if a practice/
real estate owner is otherwise happy with the sale
parameters, the only choice may be to sell the real
estate—or to start all over with another buyer.

If leasing the real estate is a consideration on the
table, here are a few pros and cons to consider.
First, here are some pros of leasing:

● This will create a stream of rental income.
● If the real estate appreciates, a higher sale

price can be secured in the future.
● Taxes that would be owed on the real estate

portion of the sale will be deferred.

Now, here are some cons:

● Some owners may not want the responsibili-
ties of being a landlord/property manager.

● Real estate values can go down or stagnate.
● If the corporate buyer ultimately moves the

practice to another location, perhaps one they
build, this can lead to complications when
seeking another renter or buyer.

Also consider current leasing agreements of equip-
ment and how that may affect the sale. In most
cases, leases must be paid off at the close of a sale,
not being transferable to a new owner. How much
will that cost and who will pay them? Plus, even
when leases are assignable, the corporate buyer
may not want to accept the transfer and associated
obligations. So, during the negotiations with the
buyer, it’s important to go through leases on equip-
ment with a fine-toothed comb and discuss them
until a resolution can be found.

6. Maximizing the Price

An appraisal will be necessary as part of the nego-
tiations process. To maximize the sales price, it
can make sense for a practice owner to get one as
soon as it seems likely that the practice will be sold
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within the next few years. Recommendations will
be made on the appraisal that the practice owners
can implement in ways to maximize the property’s
value.

7. Tax and Other Legal Implications

The seller must be clear on how the sales price will
be taxed and, for optimal tax planning, the legal
structure of the practice may need to be changed—
something that may not happen as quickly as either
party may prefer. Plus, the buyer may not agree
with the legal structure preferred by the seller.

The owner should obtain legal advice on any lia-
bilities that should be addressed before a sale takes
place and to deal with any personal guarantees that
have been given to the practice. Are there any
third-party claims to consider? The seller should
also address any tax or legal issues that are unique
to the practice or situation with the attorney.

8. Continuing Employment

This is a key issue to address with a corporate buyer.
The buyer may want, for continuity’s sake, for the
owner to stay at the practice for a pre-determined
amount of time—perhaps 2 or 3 years. If so, what
salary arrangements will be made?

Continuing employment may be a sticking point
for some sellers, especially ones who want to sell
because they’re ready for retirement; have health
issues; or who are not interested in becoming an
employee again, especially under operational sys-
tems that may be quite different from how the prac-
tice has been run.

9. Wanting to Buy?

Finally, look at the other side of the equation. How
is it possible to compete against corporate competi-

tion if wanting to buy a private practice? Well,
chances of success are clearly higher if the seller
likes the idea of his or her practice staying in private
ownership. In that case, it can be important to
share with the seller how the practice would con-
tinue providing the quality personal attention and
service that his or her clients are used to receiving.

As far as financing, it’s possible that the seller will
allow the practice to make payments for a pre-
determined amount of time to eliminate the need for
immediate bank financing. This is similar to a land
contract arrangement that some home buyers and
sellers create. If this arrangement can be made,
this will facilitate the building up of equity in the
practice, which will help when the practice ulti-
mately needs finance; this equity may count as the
down payment, at least in part.

Having equity in the practice may also help to
convince a bank to agree to a longer-term loan when
financing does occur, which will reduce monthly pay-
ments. It’s possible that the Small Business Ad-
ministration can provide financing, especially with a
practice in a rural area.

Also consider going in with multiple associates to
buy a practice together. This will facilitate the
ability to offer the seller a better price, reduce the
amount of personal financial investment, and other-
wise spread the risk and workload.
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1. Introduction

When offered a job at a veterinary practice, it’s im-
portant to get as much information as possible about
the specifics. Typically, a certain wage will be of-
fered, often along with benefits such as health in-
surance, retirement benefits, vacation time, etc.
However, the offer may not mention workplace flex-
ibility and other perks that can have a significant
impact on the job—and so it’s crucial to negotiate all
of the key elements of the offer.

Many people feel uncomfortable when negotiating
a work package, but gaining the ability to negotiate
will help one be more successful and work long after
beginning a particular job. As a part of a veteri-
nary practice team, negotiation with vendors and
challenging clients will be necessary—and almost
certainly there will be times the employee needs to
negotiate with the employer about a raise, a revised
benefits package, and evolving workplace perks and
policies.

Negotiating fair compensation can make the em-
ployee more committed to the practice, which trans-
lates into better care for the practice’s clients and
their pets. As an employer, negotiating fairly with
employees helps to build loyalty that will stabilize
and strengthen the practice.

2. What Negotiations Are and Why They’re Needed

A negotiation is a process in which two or more
parties attempt to resolve differing needs and inter-

ests through a series of communications. An em-
ployer, for example, may want to offer someone
higher wages, but needs to consider the overall prof-
itability of a practice. Meanwhile, an employee
may understand and support the need for a thriving
practice, but also needs to earn a certain wage to
support his or her family.

Employers and employees negotiate because they
each have what the other one needs, and they be-
lieve they can obtain a better outcome through the
process than if they simply accept what the other
party is offering. Sometimes, negotiations occur
because the status quo is no longer acceptable for
one or both parties.

Negotiations take finesse because, besides dealing
with specific tangible points (wages, insurance ben-
efits and workplace perks, as just 3 examples), emo-
tions play a part and ongoing relationships are
involved. The parties are choosing to try to resolve
their different positions through discussions, rather
than arguing, ending the relationship, having one
person dominate the relationship, or taking the dis-
pute to another party with more authority.

3. Negotiation Terminology

Using the example of wages, employers and em-
ployee alike have a target point, which are the wages
they would like the other party to agree to. The
difference between what an employee wants to be
paid and the employer wants to pay is the bargain-
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ing range. Meanwhile, the resistance point is
where a party would walk away from negotiations; if
too low of a wage or raise is proposed, an employee
may begin job searching or a job candidate may
decline an offer; the employer also has a point at
which he or she will reject a wage request and end
negotiations.

When the buyer (employer) has a resistance point
that’s above the seller’s (employee), this situation
has a positive bargaining range. The employer, in
this case, is willing to pay more than the employee’s
minimum requirements, so this situation has a good
chance of being satisfactorily resolved. With a neg-
ative bargaining range, though, one or both of the
parties must change their resistance point(s) for
there to be a possibility of resolution.

In a wage-negotiation scenario, either the em-
ployer will offer a starting wage or raise, or an
employee or job candidate will request a certain
dollar amount; the first person to name a dollar
amount is making the opening offer. If at least one
of the parties has a BATNA—best alternative to
negotiation agreements—then he or she will proba-
bly approach the discussions with more confidence,
having another alternative. So, if an employer of-
fers someone a job, but has another excellent candi-
date waiting in the wings, the employer has another
alternative and can set a higher and/or firmer resis-
tance point. Conversely, if an employee or job can-
didate has a unique set of skills that are needed in
today’s practices, that person probably has more
options in the job market—perhaps even other pend-
ing offers. The quality of a negotiator’s alterna-
tives drives his or her value by providing the power
to walk away and/or set a higher and/or firmer re-
sistance point.

4. Bargaining Styles

There is more than one type of bargaining style.
One way to differentiate them is to divide them into
distributive bargaining and integrative bargaining.

In distributive bargaining, parties’ needs and de-
sires are in direct conflict with one another’s, with
each party wanting a bigger piece of a fixed tangible
such as money or time, so these negotiations are
typically competitive. Parties are not concerned
with a future relationship with the other person.
A slang term for this type of negotiation is “playing
hardball” or “one upping” someone. Strategies of-
ten include making extreme offers, such as an em-
ployer offering a very low wage or a job candidate
asking for an exceptionally high one. Tactics in-
clude trying to persuade the other party to recon-
sider his or her resistance point because of the value
being offered—in this example, the job candidate
might say that a high salary was required because of
his or her abilities or an employer could say that
lower wages would be compensated by a great work
environment.

With integrative bargaining, although, the goal is
win-win collaborations that will provide a good op-

portunity for both parties. The employer would ac-
knowledge the employee’s value and need for a
decent wage, and negotiate accordingly, while the
employee or job candidate would recognize the value
of working at a particular practice as well as the fact
that the employer has numerous other financial
commitments to fulfill. Each must recognize that
they need one another to maximize their respective
opportunities and negotiate from a place of trust
and integrity, with a positive outlook that recognizes
and validates the other party’s interest in the
transaction.

Here’s an interesting psychological truth: Nego-
tiators are more satisfied with final outcomes if
there is a series of concessions rather than if their
first offer is accepted, because they feel they could
have done better.

5. Negotiation Styles

To successfully negotiate, it’s crucial to clearly de-
fine the issues involved, and to prepare for the ne-
gotiations. Each party should be clear about his or
her target point, opening offer, resistance point, and
BATNAs.

Multiple negotiation styles exist, each on the spec-
trum of assertiveness and cooperativeness. Below
are summaries of common styles:

● Competing (high in assertiveness, low in coop-
erativeness): these negotiators are self-confi-
dent and assertive, focusing on results and the
bottom line; they tend to impose their views on
others.

● Avoiding (low in assertiveness and coopera-
tiveness): these negotiators are passive and
avoid conflict whenever possible; they try to
remove themselves from negotiations or pass
the responsibility to someone else without an
honest attempt to resolve the situation.

● Collaborating (high in assertiveness and coop-
erativeness): these negotiators use open and
honest communication, searching for creative
solutions that work well for both parties, even
if the solution is new; this negotiator often
offers multiple recommendations for the other
party to consider.

● Accommodating (low in assertiveness, high in
cooperativeness): these negotiators focus on
downplaying conflicts and smoothing over dif-
ferences to maintain relationships; they are
most concerned with satisfying the other
party.

● Compromising (moderate in assertiveness and
cooperativeness): these negotiators search
for common ground and are willing to meet the
other party in the middle; they are usually
willing to give and take and find moderate
satisfaction acceptable.

As long as both parties are committed to the busi-
ness relationship and believe there is value in com-
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ing to an agreement, negotiations can typically
proceed. If one or both parties, though, are unrea-
sonable, uninformed, or stubborn—or listening to
advisors with those characteristics—negotiations
can fall through. Other challenges exist when one
party doesn’t necessarily need the deal, isn’t in a
hurry, or knows that the other party is without other
options and/or in a time crunch.

6. Negotiation Fears

Many people dread negotiation. Common reasons
for this include the following:

● The employee’s position has not yet been solid-
ified: in this case, more preparation is clearly
needed.

● Fear of looking stupid. Nobody likes looking
foolish, so some people will avoid negotiations
altogether rather than take the risk of not
negotiating well.

Liking people and wanting to make them happy (but
perhaps not being able to give them what they
want!)/not wanting to affect someone else in a neg-
ative way: when interviewing for a promotion at a
practice, and the employee really like the practice
manager, they may worry that negotiations will up-
set the manager or put them in a difficult position.

● Fear of failure. Some people would prefer to
not negotiate at all, rather than make an un-
successful attempt.

● Feeling uncomfortable with money. Some
people were taught that it wasn’t polite to talk
about money!

Still, other people have an aversion to conflict, over-
all, and so they avoid the potential by not negotiat-
ing. Yet others feel vulnerable when negotiating.

Women in particular are reluctant to negotiate,
with only 7% doing so.1 They suffer the costs asso-
ciated with not negotiating because they tend to
have lower expectations, fear being considered diffi-
cult, and can be penalized for negotiating. As a
solution, women can consider framing their wants
into the value that they will bring to the other party,
and share how they can solve the underlying prob-
lem of the other party.

Areas where negotiating may not feel as intimi-
dating include the following:

● Negotiations for resources, whether it’s asking
for more equipment or for a practice to hire
more people.

● Negotiations about how to use resources; with
a common purpose, solutions can be reverse
engineered fairly easily.

● Negotiations where the employee has
expertise.

● Negotiations with big companies where noth-
ing is personal.

● Negotiations where the employee has evidence
to support their position, including facts, data,
and logical reasoning.

7. Salary and Benefits Negotiation Tips

Even though the examples given so far have focused
on monetary compensation, when negotiating, don’t
focus solely on wage or salary. Also discuss bene-
fits offered and workplace perks—meaning the en-
tire package. This can include, but is not limited
to, health care coverage, life insurance, retirement
programs, vacation time, and flextime. When job
hunting, investigate what companies are offering.
Where does the interviewing company/practice fall
on that spectrum? What is the minimum pay level
that is acceptable? What is the preferred wage?
What benefits are important?

If someone wants to work at a particular practice,
but the pay rate isn’t ideal, they could request a
salary review in 6 months. This doesn’t mean ac-
cepting a salary that is clearly sub-par, nor does it
mean putting more pressure on a potential employer
who is already offering a good deal. It is simply
something to consider in relevant circumstances.

What workplace perks might be desired? Would
a company cell phone help? Better equipment or
software? If so, consider accepting somewhat lower
pay if more tools are offered to help get the job done.

Although telecommuting is seldom an option for
veterinary staff, outside of perhaps financial or
other purely administrative functions, a potential
employee could negotiate coming in half an hour
later to accommodate children’s school drop off or
pick up. If the employee brings crucial skills to the
negotiating table, it is more likely they will receive
these concessions than an employee in an entry-
level position.

If relevant, ask about practice policy regarding
pregnancy. How acceptable is the policy? How
important of a negotiating point is this? What
about injury in the workplace? Be educated on
workplace rights before negotiations occur, as well
as company policy. If the employee is valuable to
the practice, perhaps some additional flexibility can
be negotiated.

Who should be the first to make an offer? Some
experts believe that, if the other party provides a
starting dollar figure, then their hand has been
shown. But, research indicates that final figures
tend to be closer to the original number stated than
what the other party had originally hoped.

8. What NOT to Do

Beware of “between”! It probably feels reasonable
to ask for a certain salary range—or range for a
raise. But if done with a current or prospective
employer, the employee has basically tipped their
hand as far as how low they would go. Using the
word “between” is actually a concession!

Another risky term: “I think we’re close.” A
savvy negotiator will recognize “deal fatigue” on the
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employee’s end and perhaps stall in the hopes for a
concession, just to complete the deal.

9. Negotiating with Brokers

If buying or selling a veterinary practice, then nego-
tiating skills will likely come in handy. For exam-
ple, let’s say an owner is selling a practice. In the
listing agreement contract, it is typical to agree on a
period of time wherein the broker has exclusive
rights to sell, perhaps 6 months or a year. If not
satisfied, can the owner terminate the agreement?
It depends! It depends upon how well the original
contract was negotiated with the agent. For exam-
ple, negotiate a clause stating that the listing can be
terminated immediately for good cause or with a
short period of prior notification if the termination is
without cause. In exchange for that clause being
included, perhaps agree to reimburse expenses in-
curred by the agent during the listing period and/or
pay commission if the buyer is one that the agent
initially identified.

10. Negotiating Lab Contracts

Contracts with labs that provide diagnostic services
for the practice will also need to be negotiated.
Work on a pay-as-you-go arrangement, sending
work to different labs, as needed. The flaw is that
financial incentives may not be offered to practices
who sign contracts. By signing a contract, lower
fees or better rate schedules can be negotiated.
When paying less in lab fees, lower rates could be
offered to customers, which will probably make more

of them agree to pay for diagnostic testing in the
first place. Signing a multi-year contract with a lab
may also allow the owner to lease in-house lab
equipment as part of the deal.

Know what’s most important, run the figures, and
negotiate!

11. For Best Results

People tend to feel more confident during negotia-
tions when it focuses on an area of their expertise
and/or where solid evidence exists to back up the
negotiations. Overall, success is achieved when:

● Determining the interests of the other party.
● Embracing compromise.
● Observing the Golden Rule, treating others

fairly and reasonably, without defensiveness.
● Be prepared, both in factual information and

in strategy.
● Good luck!
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1. Introduction

A performance management program (PMP) strives
to ensure the right people with the right competen-
cies are in the right jobs at the right time. An
effective PMP will also look to achieve the following
objectives:

● Shape the culture and reinforce the core values
of the practice—Assessment of performance in-
cludes behavior, specifically behaviors that fall
under core values. An example of a core value
would be honesty. Has the employee behaved
in a way that demonstrates honesty?

● Facilitate communications between supervi-
sors and subordinates—Performance reviews
allow the subordinate and supervisor to dis-
cuss any gaps between their individual assess-
ments of performance. For example, if an
employee, Elaine, thinks she is excellent at a
blood draw, but the supervisor has had 4 com-
plaints about her blood draws this week, it
opens the door to discuss those items in a con-
structive way.

● Motivate and reward superior performance—
Creating a PMP template will help the em-
ployer see across the board how staff are
performing by comparing apples to apples. If

everyone is reviewed based on a certain set of
criteria, it will create a performance standard.
If one of the criteria is teamwork, and Elaine is
always helping out her coworkers, this would
provide an opportunity to give positive feed-
back and possible rewards.

● Effectively manage unsatisfactory perfor-
mance—As stated above, this will also identify
those employees who are performing below the
hospital standard and allow managers to focus
on the items those employees need to improve.

● Identify opportunities for personal growth and
development—Using the previous example of
Elaine, if an employee is rated poorly in blood
draw, then an opportunity can be created for
them to take a course. Or perhaps a mentor
day could be scheduled where one of the doc-
tors practices blood draws with the em-
ployee. This results in a better employee and
benefits the practice as well.

● Link pay to performance—When setting goals
for the employee, tie financial rewards to
achievements. Either next year’s raise or end
of year bonuses.

● Stimulate individual and collective productiv-
ity—If Elaine and the other teammates were
not meeting expectations, it lets the supervi-
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sors know this is an area where work is needed
as a whole. The staff can be incentivized by
making this a team goal and focusing for the
year.

2. Why PMP’s Fail

While PMPs have been utilized for many years, they
are not universally considered an effective manage-
ment tool. In some cases, performance manage-
ment is more about checking a box than about
aligning employee performance and development.
Instead of viewing the performance review as a valu-
able communication and recognition tool, many
practices think of it as a necessary evil; a paperwork
exercise that managers love to hate. Exacerbating
this feeling of disdain is the fact that supervisors
often spend a majority of their time focusing on the
small minority of employees who do not meet expec-
tations and not enough time giving appropriate
praise, recognition, and appreciation to those who
do. Even the best workers can be better, but if they
are not given the guidance they deserve, then their
full potential will never be reached. Some of the
more common shortcomings of a PMP include the
following:

● Individual goals are not tied to the strategic
direction of the practice—i.e., the goal does not
help the practice’s vision. For example, a goal
to create a protocol for remote working, when
the practice does not allow a remote work
environment.

● Senior management is not fully committed or
invested in the process—When PMP’s are not
made a priority, and not done in a timely
manner, oftentimes employees feel devalued
and not important. This can kill practice
productivity.

● Performance objectives are only looked at every
6 or 12 months and not on a continuing basis—
Evaluations should be all year long. For exam-
ple, Elaine was late to work 34 times over the
summer (June to August), and called out sick
every Friday. It’s now November and Elaine is
due for her performance review. The last 30
days she’s been on time and seemingly doing
fine. If only recent attendance was taken into
account, and not what has happened over the
last year, then there is a skewed vision of
performance.

● Performance appraisals are not included as
part of a larger employee development initia-
tive—Supervisors want teams to grow. When
a team continues to evolve and grow, the prac-
tice is more efficient and productive which
can lead to increased revenue and client
satisfaction.

● Little or nothing is done with the actual ap-
praisal results—Evaluations can take a lot of
time and effort on both the employee and the
supervisor. When next steps aren’t taken to

reward positive behavior, create goals, and
growth opportunities for the employee, they
can feel discouraged and disengaged.

● Management fails to develop and administer a
coaching and improvement plan for any em-
ployee not meeting expectations—If an em-
ployee is not meeting expectations, but nothing
is done, the employee will keep doing the same
things over and over leading the supervisor to
likely repeat the conversation the following
year.

● There is a lack of clarity in the link between
pay and performance. If goals, or the criteria
that an employee will be reviewed against are
not set, it often leads to a disparity between
what the employee thinks their performance
can be vs what the supervisor believes perfor-
mance is.

3. Developing a Performance Management Program

A PMP can be a valuable resource for a supervisor to
help employees identify and develop needed skills,
knowledge, and abilities. However, if used inap-
propriately, a PMP can demoralize employees, frus-
trate managers, and expose a practice to potential
legal risks. Therefore, several questions must be
addressed when developing a PMP: Who will be
involved in the performance review process? Will the
review be horizontal, vertical, or a 360°? How
much time can each contributing party commit to
the PMP? Will the review focus on objective results
and/or subjective perceptions? How often should
the reviews be performed? Who will oversee the
PMP to ensure it is being used properly? Who will
provide training to the reviewers? What will be
done with the results of the reviews? And, most
importantly, how will the success of the PMP be
measured?

4. Conducting the Performance Evaluation Review

Prior to meeting with an employee to conduct the
performance evaluation review, it is advisable to
have them complete a self-evaluation form. Give
the employee approximately 1 week to complete the
performance evaluation form and return it to his/her
supervisor 1 week in advance of the performance
evaluation review date. Only after the supervisor
has completed the performance evaluation form for
the employee, should the supervisor review the em-
ployee’s self-evaluation form and rating. Following
this process will help ensure the supervisor per-
forms an independent performance evaluation that
is not biased by the employee’s perceptions of how
he/she performed. Other important points to con-
sider when preparing for and conducting a perfor-
mance evaluation review include the following:

● Be sure to deliver the performance evaluation
review at the designated time. Giving the re-
view after the date can leave an employee feel-
ing slighted, anxious, and devalued. It also
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sends the unintended message that the perfor-
mance evaluation review cannot be that impor-
tant to the practice.

● Be mindful of overrating an employee. Rat-
ing an employee higher than is warranted may
be an easier message to deliver, but it can
create other problems. For one thing, it may
give failing employees a false sense of security
and make it difficult to administer needed
discipline.

● When discussing a performance issue with an
employee, be sure verbal and written com-
ments support the rating and always use spe-
cific examples that clearly demonstrate the
level of performance.

● Be sure to rate the entire performance evalu-
ation review period. Supervisors often fall
into the trap of rating only the most recent
activities and actions. If an employee is being
evaluated annually, the performance evalua-
tion review should consider everything, good
or bad, that has occurred during the past
twelve months vis-à-vis the employee’s perfor-
mance. In this case, it is helpful to review
notes of conversations that have taken place
with the employee throughout the year prior to
meeting with them. For example, if an em-
ployee is late and has been reprimanded, a
note should be placed in that employee’s
file. Also, if the employee receives a compli-
ment from a client, this should be included in
the file as well.

● Ask for feedback. There may be mitigating
factors and circumstances that affected the
employee’s performance during the review pe-
riod. It is critically important to provide an
employee the opportunity to discuss and pres-
ent an explanation of any factors and influ-
ences that may have contributed to his/her
performance. Encouraging this two-way dia-
logue ensures “everything” is considered when
developing the performance rating.

5. Developing Performance Goals

Another key piece of a PMP involves developing
performance goals and expectations. Goals are
written statements that clearly describe certain ac-
tions or tasks with a measurable end result. Goals
should be well defined, detailed declarations of spe-
cific actions to be taken during the upcoming review
period for which measurable outcomes are expected.
Each goal should be specific enough to let the em-
ployee know what is expected to be accomplished,
why it is to be done, and the target date for accom-

plishing it. The following acronym is often used to
assist supervisors in developing goals for their
employees:

S: Specific—Answers what, why, and when ac-
tions or activities should be accomplished.

M: Measurable—Clarifies how to determine
whether the goal has been achieved.

A: Agreed Upon—Both the employee/supervi-
sor should agree on what is expected to successfully
complete the goal.

A: Aligned—Supports the practice’s mission
and overall objectives.

R: Realistic—Ensures goals are doable but
with a stretch challenge.

T: Time Specific—Establishes a deadline for
completion.

An example of a smart goal would look like this:
The practice has identified a goal to improve commu-
nications with administrative staff by implementing
an internal departmental newsletter. Elaine will
complete a business writing course by January 2021
and will publish the first monthly newsletter by March
2021. Elaine will gather input and/or articles from
others in the department and draft the newsletter for
the supervisor to review, and when approved, distrib-
ute the newsletter to staff by the 15th of each month.

6. Summary

In order to determine the effectiveness of a PMP, it
must first and foremost support achievement of the
practice’s mission and goals. It should help em-
ployees understand what is expected of them and
against what measurement criteria their perfor-
mance will be assessed. If the program is utilized
properly, a welcomed byproduct of the PMP is
improved communications between supervisors and
subordinates. As the PMP evolves, a practice
should begin to notice a stronger link between pay
and performance. Rather than giving arbitrary in-
creases to all employees, the PMP will provide jus-
tification for differences in salary increases and
rewards. Finally, documented differences in per-
formance should help identify employees able to as-
sume additional responsibilities as well as those
individuals requiring additional development and/or
discipline.
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1. Introduction

Cannabis products in the veterinary industry have
become a hot topic in the media lately and little is
known about the products on the market, including
their safety or efficacy. The goal of this paper is to
explore how cannabis products have gained popular-
ity, and to share any scientific backing behind treating
veterinary patients with cannabis, and to provide ad-
vice of the legal ramifications that can result from
using these treatments. Unfortunately, while canna-
bis may have potential for treating ailments, the
products on the market are illegal as well as poten-
tially dangerous. Therefore, veterinarians should not
stock, treat with, or recommend cannabis products as
this usage could result in a formal investigation by the
Veterinary Board in the state in which they are
licensed.

2. Growth in Popularity of Alternatives to Medications

As pet lovers, the primary goal is keeping furry clients
happy, healthy, and pain free. However, in a world of
ever-changing trends, how do owners know what is
best for their pets and what is just the newest health
fad? Traditionally, veterinarians have been sought
out to help guide these decisions but, in this changing
climate, reliance upon Dr. Google is becoming more
common—and vet visits are becoming less so. An
increasing number of people are searching for natural
alternatives to medications and opting for diets for

their pets that are grain free, raw, and antibiotic free.
Pet owners are also more commonly using their own
homeopathic remedies. While these trends are
mainly driven by consumerism and distrust in big
pharma, the growing desire for at-home remedies can
result in unsafe, unethical, and even illegal outcomes.

3. Veterinarian Responses to Fads

Veterinarians must rely upon scientific research and
laws as guidance. Fortunately, with two of the more
well-known fads, scientific evidence is relatively cut
and dry: grains are not evil and eating raw meat can
cause a slew of health problems, such as contracting
salmonella. However, when it comes to homeopathic
remedies for fleas and ticks, joint pain, dry skin, and
even neurologic conditions, the evidence is much
harder to come by. This is largely due to the lack of
regulations on many products that consumers are us-
ing for remedies. There are no US Food and Drug
Administration (FDA) regulations, for example, on es-
sential oils, herbs, or nutraceutical pills, meaning
there is no regulatory body confirming what is on the
label; therefore, nothing confirming what is in the
bottle.

Despite the lack of FDA regulation and any asso-
ciated concerns expressed by veterinarians, the de-
sire to use natural derivatives is growing among pet
owners and, one specific derivative is getting plenty
of press lately: cannabis.
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4. Two Types of Cannabis Compounds

Cannabis, dating back 6000 years, is the only plant
genus that contains the molecular compounds called
cannabinoids. The two most notable compounds are
tetrahydrocannabinol (THC) and cannabinol (CBD).1

While poorly divided, taxonomically speaking, canna-
bis is easily divided into two broad types based on the
biochemical makeup. These two divisions are com-
monly referred to as marijuana and hemp.

The US Drug Enforcement Administration (DEA)
classifies marijuana as a schedule 1 drug, which
falls in the same category as heroin and cocaine.
Due to its recreational use, it is the more well known
of the two cannabis plants. Marijuana contains
high amounts of THC, the psychoactive cannabi-
noid, and low amounts of CBD, the antipsychoactive
compound.

Hemp, on the other hand, is grown for its seed and
fiber properties. Hemp has low levels of THC and
high levels of CBD (at least when compared with
marijuana). Unlike marijuana, it is not possible to
get high off the hemp plant. In fact, one would die
of smoke inhalation before reaching high enough
levels of THC from hemp to achieve a recreational
high.2 This is due to the low concentration of THC
and the fact that CBD is the antipsychoactive that
blocks the marijuana high. Because of that, some
people refer to hemp as “anti-marijuana.”

Industrial hemp usage is legal in the United
States but, oddly enough, actually growing indus-
trial hemp is illegal. In fact, since 1937, it has been
illegal to grow any variety of hemp in the United
States. Under current law, imported hemp prod-
ucts are subjected to zero-tolerance standards for
THC, even though the average amount of THC in
marijuana is 20%, while the average amount in
hemp is 0.3%. Somewhat illogically, the United
States government does not distinguish between
these two very different plants grown for completely
different purposes.

5. Note About State Laws

In 2017, the number of states permitting industrial
cultivation of hemp exceeded the number of states
that have legalized medicinal marijuana (33 versus
29 to date). So far, though, few farms have begun
cultivating hemp due to resistance from the DEA.
This is because, while legalized in certain states,
both marijuana and hemp are illegal federally.

6. Cannabis for Human Medicinal Purposes

So, what is it in these plants that has led to medicinal
use? About 20 years ago, scientists discovered a sys-
tem in the brain that responds to the compounds found
in cannabis, specifically in marijuana.3 The system is
called the endocannabinoid system and has been
shown to play a role in the cardiovascular, digestive,
endocrine, immune, reproductive, and nervous sys-
tems. The discovery sparked interest in finding spe-
cific chemicals in marijuana that could be targeted to

treat specific conditions. Since that time, research on
medical marijuana has increased significantly but,
with the schedule 1 classification, doing approved re-
search is still difficult.

While there are plenty of studies that show prom-
ising results in treating conditions, in order to offi-
cially conduct research on cannabis, scientists must
first get approval from the DEA and the FDA.
While such studies have shown that cannabis can
help manage pain and muscle spasms in multiple
sclerosis, as well as improve symptoms of schizo-
phrenia and Tourette’s syndrome, too few of the
studies were controlled clinical trials with placebo
treatments.4

These results have been mirrored in the series of
studies permitted by the DEA at the Center of Med-
ical Cannabis Research, University of California–
San Diego. The conclusion of these 13 studies was
broad but simple: “cannabis may be useful medi-
cine for certain indications.” Many researchers
worried about the risk to users though, with some
patients becoming addicted (10%) and others finding
the effects “intolerable.”5

7. FDA-Approved Marijuana Drugs for Humans

Despite the unanswered questions and research-re-
lated challenges, there are currently three FDA-
approved drugs made from marijuana in the United
States. Marinol® and Cesament® are used to treat
nausea in chemotherapy and AIDS patients, while
Epidiolex® is used to treat children’s epilepsy. Fur-
thermore, Sativex® is a drug developed in the
United Kingdom that has been approved in over 24
countries to treat muscles spasms from multiple
sclerosis and cancer pain, and it may be approved in
the United States soon to treat pain associated with
breast cancer.

8. Cannabis-Based Products and Pets

Because of the clinical evidence performed to date
and experimental evidence by marijuana users, who
have self treated successfully, it is no wonder that
people want to use cannabis-based products to help
their animals. Given how difficult it is to get re-
search approved for cannabis use in humans, one
can imagine the level of difficulty involved in per-
forming cannabis research in animals.

The most commonly used cannabis products on
the veterinary market for treatment of animals all
contain CBD oil. CBD can be extracted from mar-
ijuana or hemp and has claims to treat numerous
disorders, including behavioral issues, seizures, and
pain. While many veterinarians would welcome a
safe and effective new way to treat diseases such as
arthritis or epilepsy, lack of legality and solid clini-
cal studies makes the situation uncertain.

Veterinary medical uncertainty has not stopped
an array of products from popping up on the market.
At conferences, one can be bombarded by naturo-
pathic vendors that appear reputable, making
claims on their products that cannot be substanti-
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ated. This makes it difficult to differentiate fact
from fiction and, unless veterinarians are up to date
on the current American Veterinary Medical Asso-
ciation (AVMA) and federal standards, they may be
tricked into stocking these products at their
practices.

In a study that was performed by the Department
of Clinical Sciences and College of Veterinary Med-
icine and Biomedical Sciences at Colorado State
University, published in the Journal of the Ameri-
can Holistic Veterinary Medical Association and Sci-
entific Report,6 veterinarians were assigned three
objectives: find out which cannabis products pet
owners purchased, their reasons for the purchase,
and whether they perceived a difference in their pet
while using the product. The results of this study
included 632 pet owners (88.1% dog owners, 11.9%
cat owners) who have purchased hemp products
from an online site. Most of the dog and cat owners
(77.6% and 81.8%, respectively) indicated that they
use the hemp product for an illness or condition
diagnosed by a veterinarian.

The most common conditions eliciting treatment
in dogs included seizures, cancer, anxiety, and ar-
thritis. The illnesses or conditions treated in cats
were comparable, with cancer, anxiety, and arthritis
as the most common. The most common side ef-
fects reported by both dog and cat owners were se-
dation and overactive appetite. When dog owners
were asked about the perceived positive impacts of
the hemp, they reported the highest impact in relief
from pain (64.3%), followed by helping with sleep
(50.5%), and relief from anxiety (49.3%). Cat own-
ers perceived the highest impacts as relief from pain
(66%), followed by reduced inflammation (56.3%)
and help with sleep (44%). This information sup-
ports the growing anecdotal stories of the effects of
cannabis in pets. In addition, this information pro-
vides a platform for researchers seeking to perform
clinical studies on not only the effectiveness of hemp
but also the adverse outcomes associated with the
use of hemp.

Interestingly, this study also surveyed pet owners
about their disclosures to their veterinarian about
the hemp products used. Just under half of the
participants had spoken with their veterinarian
about the product, with most indicating that their
veterinarian responded positively (61.7%), some ex-
pressing no opinion (30.7%) and very few responding
negatively (7.7%). While most veterinarians would
agree that anything having a positive impact on a
pet is, in fact, positive, in this case, it is still illegal.
In a recent article by the AVMA titled, “Cannabis:
What Veterinarians Need to Know,”7 the AVMA
cautions pet owners against the use of chews, oils,
and nutritional supplements containing CBD, citing
the FDA as its regulatory beacon.

Currently, the FDA does not approve the use of
marijuana or hemp in any form in animals because
of the lack of evidence about the safety and effective-
ness of the products. The DEA stated in 2017 that

“cannabinoids are not found in hemp, except in trace
amounts. Therefore, extracts that contain more
than trace amounts of cannabinoids must be part of
the cannabis plants that are defined as marijuana
and regulated as a schedule 1 controlled substance.”

In all this legislation, it might appear that hemp is
unfairly getting a bad name; however, the American
Society for the Prevention of Cruelty to Animals
(ASPCA) poison control center has recently reported
an influx of calls and claims that ingestion of hemp-
based CBD products causes the same clinical signs
as ingestion of marijuana (products containing
THC). It is not known whether toxicity is due to
quality control issues in unregulated products, dif-
fering metabolism rates of CBD, or varying amounts
of CBD in products despite label claims. The most
common clinical signs include ataxia, depression,
mydriatic pupils, hyperesthesia, and urinary in-
continence. While rare, other signs include vom-
iting, tremors, and seizures with multiple deaths
reported due to aspiration.8 For this reason, the
FDA and AVMA caution pet owners against using
these products and the FDA has issued numerous
warnings to companies that sell products contain-
ing cannabidiol.

9. Conclusion

Overall, studies indicate great potential for canna-
bis as a treatment modality. If research was less
restricted, more safety and dosing studies could be
conducted. This would likely help explain, and ul-
timately prevent, poison-related deaths and begin to
address concerns.

What is important to remember is that pet owners
aren’t the people who face significant consequences
for trying these products. Although it is illegal to
sell products containing cannabinoids, and illegal to
purchase products containing them, the only parties
as of now who have been threatened to be held
legally responsible are veterinarians and the canna-
binoid-producing companies.

Here is just one example of how a state medical
board perceives veterinary use of cannabis-based
treatments: The California Veterinary Medical
Board states that, while marijuana is legal for
adults 21 years and over, cannabis is illegal for use
in animals.a

In conclusion, the use of cannabis products for ani-
mals warrants the attention of veterinarians and re-
searchers and could one day be a wonderful treatment
modality, but it cannot currently be recommended or
stocked by veterinarians. It is suggested that both
the promises and perils of medical marijuana for ani-
mals point to the need for science-based education,
regulation, and research. So, while the aim is to do
what is best for the patient, it is most appropriate to
advocate for change while remaining within the con-
fines of the law. It is possible that one day cannabis
will be a legal and accepted treatment in the veteri-
nary community, but many steps must be achieved
before then.9
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1. Ethics Concerns

With respect to pre-purchase and pre-lease exami-
nations, ethical concerns for the veterinary practi-
tioner fall into several categories of concerns. Not
all of these concerns involve lapses, acts, or omis-
sions by the veterinarian, but all of them implicate
the veterinarian’s role as an agent having a duty to
the client of the veterinarian. The general catego-
ries of ethical concern, which are further discussed
below, include the following:

● Failure to identify the client.
● Existence of a conflict of interest by relation-

ship, ownership, fee structure, or agency.
● Full disclosure of known and potential

conflicts.
● Full disclosure of pre-existing conditions and

treatments.
● Reasonable investigation of pre-existing condi-

tions and treatments.
● Proper recordkeeping of the examination

process.

● Consistency between invoicing and examina-
tion report.

This article therefore discusses the ethical consider-
ations when working with prospective purchasers
and lessors during pre-purchase and pre-lease ex-
aminations, the exposure from the perspective of the
examining veterinarians, and then suggests best
practices from the various perspectives of whomever
the veterinarian might represent in the purchase or
lease transaction examination.

2. Identify for Whom the Veterinarian Is Working

Knowledge of the identity of the client, the principal
for whom the veterinarian is examining the horse, is
very important. Often, the intermediaries in the
purchase or lease transaction have economic and
noneconomic interests at stake in the completion of
the transaction, which may cause the information in
the examination to be conveyed to the prospective
purchaser or lessee in a biased manner. If the vet-
erinarian does not directly communicate findings
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and report to the person or entity for whom the
veterinarian is the agent, then the veterinarian can
have no confidence that the examination findings
have been accurately conveyed. For the veterinar-
ian, this is problematic, because if there is a dispute
later between purchaser and seller relating to a
pre-existing condition or treatment and whether the
condition or treatment was properly disclosed, the
veterinarian may find the accused seller misrepre-
senting the information conveyed to the veterinar-
ian or his or her findings conveyed to the purchaser.

The practitioner, in a pre-purchase or pre-lease
examination posture, is working as an agent on be-
half of a principle: someone or some entity. Because
of this special relationship, the veterinarian will
have duties to that principal: to provide proper
examination and to properly report. Those duties
fall into not only the category of malpractice, which
is not the subject of discussion here, and into the
nature of fiduciary duties, and ethical failings dis-
cussed herein.

3. Fiduciary Duties of the Veterinarian

The existence of a special relationship, created by
the relative positions of the parties, such as in a
veterinarian-client relationship, wherein the veter-
inarian knows that the client is relying upon the
experience and specialized skills and position of
the veterinarian to properly conduct, and convey the
findings of, a pre-purchase or pre-lease examination.
This duty arises from the position in which the par-
ties place each other, whether or not there is a
contract for services.a

The most basic fiduciary duty is the duty of
loyalty, which, in the context of pre-purchase ex-
aminations, obligates the veterinarian to put the
interests of the client first, ahead of the veterinar-
ian’s self-interest. That duty of loyalty requires
the veterinarian to refrain from exploiting the
relationship with the client for the veterinarian’s
personal benefit, meaning for benefit beyond being
paid to conduct the pre-purchase examination.d

A fiduciary duty arises expressly by contract when
the parties specifically agree to a relationship,
such as the attorney-client or agent-principal re-
lationship, that is considered to be a fiduciary
relationship.e By that definition, such duties ex-
ist equally in the veterinarian-client relationship.

The client justifiably relies upon the veterinarian,
as the agent, to exercise a certain requisite level of
skill and diligence in the pre-purchase or pre-lease
examination. That duty does not end by clearing
conflicts of interest and then examining the horse.
Rather, duties extend to properly investigating the
prior history of the horse, noting the limits of the
investigation and disclosures obtained, and in en-
suring the examination report actually arrives in
the hands of the client.

Should the practitioner get past the “relationship
test,” then the next areas of concern for the exam-

ining practitioner relate to what the veterinarian is
told and by whom.

Consider that specter of the presence of a pre-
existing medical condition of the horse and an owner
or owner’s agent’s failure to disclose that medical
history has the potential to directly affect the pro-
spective purchaser’s ability to make an informed
decision whether to lease and ultimately purchase
the horse. It is customary in the equine industry to
have a horse evaluated extensively by a licensed
equine veterinarian prior to purchase (hereinafter
referred to a pre-purchase examination [PPE]).
It is also customary for a potential lessee to have a
less extensive evaluation of a horse at the time a
lease commences, only to have their veterinarian
perform a more extensive radiographic, ultrasound,
and endoscopic evaluation prior to any eventual
purchase.

However, the scope and extent of PPE imaging
and diagnostic testing is often premised upon the
previous medical history of the horse as provided by
the seller, lessor, or their agent. Consider that if
the selling or leasing party is not forthcoming to the
examining veterinarian, then the scope of the exam-
ination will be curtailed. This places the examin-
ing veterinarian, in a difficult position, opining as to
the present health of the horse, while potentially not
having been fully informed of the pre-existing con-
ditions or prior treatments of the horse.

When this delta between present examination to
past, relevant information is compared against the
ethical consideration that the single most important
goal of the examining veterinarian is to provide the
buyer or lessee with information as to the health and
soundness of the prospective horse, then the poten-
tial for misleading information being construed from
the pre-purchase or pre-lease examination is great.

Prospective purchasers and lessors rely upon the
veterinarians to provide adequate information so
that those parties may make an informed decision to
proceed or decline the purchase or lease. Consider,
however, upon whom the veterinarian relies. At
the time of the examination, the examining veteri-
narian relies extensively, if not exclusively, on the
medical history and related information as provided
by the seller or lessor at the time of the examination.

The failure to disclose the pre-existing conditions
of a horse denies the client of the examining veter-
inarian the opportunity to make an informed deci-
sion to lease the horse, and may subsequently place
the purchaser or lessor, as well as the horse, at risk
of serious injury. Consider that the American As-
sociation of Equine Practitioners (AAEP) Guidelines
for Reporting Pre-purchase Examinations contains
two material statements:

● “…It is the buyer’s responsibility to determine
if the horse is suitable…”; and

● “…It remains the sole responsibility of the vet-
erinarian to determine the extent and depth of
each examination.”b
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In some cases, given the extent of the chronic dis-
ease, condition, or off-label medication use present
in a horse at the time of the examination, had the
history been disclosed, a reasonable equine veteri-
narian would not find such a horse healthy for the
intended purpose then or at any time in the future.
Therein lies several ethical pitfalls for the veterinar-
ian. The AAEP Position on Sale Disclosure pro-
vides guidance that:

● “AAEP supports the position that when a
horse is sold, any known invasive surgery, dis-
ease, injury, or congenital defect which is not
apparent, should be disclosed to the intended
buyer by the owner and/or agent.”

● “The AAEP supports disclosure of ownership
by single or multiple owners of a horse at the
time of offering for sale.”c

4. Conflicts of Interest and Self Dealing

Conflicts of interest arise when the practitioner has
some relationship, interest, or inherent bias that is
affected by the examination of the horse. An equity
interest in the horse or business that owns the horse
is a clear example. More nuanced is a present busi-
ness relationship with the seller of the horse. A
personal, intimate relationship with the seller or
one of the selling entity’s principals presents an-
other form of ethics conflict. Most commonly, a con-
flict arises when a business relationship of the
practitioner with the seller exists. Any of these
relationships should cause the practitioner to either
clear the conflicts through written disclosure and
acceptance by the client, or (and appropriate in most
circumstances of conflict) decline engagement for
the pre-purchase or pre-lease examination.

The veterinarian’s duties to identify and clear or
avoid conflicts of interest are part of what was
previously described herein as “fiduciary duties.”
Such duties are not always considered by examining
veterinarians, although the ethical guidelines of the
AAEP promote their existence and observance.f

5. Concerns from the Perspective of the Prospective

Purchaser or Lessee

If the veterinarian is examining a horse as the vet-
erinarian for a client intending to purchase or lease
a horse, there are key considerations to keep in
mind:

● What disclosures as to the health and sound-
ness history has the client of the veterinarian
and the veterinarian received from the seller
or lessor or their agents?

● What disclosures as to the health and sound-
ness history has the client of the veterinarian
and the veterinarian received from the client’s
own agents?

● What disclosures have been made from the
seller or lessor or their agents to the client of
the veterinarian or the veterinarian as to the

regular course of treatment, maintenance,
medication, medicine, training, and shoeing
for the horse?

● How have any of those disclosures been trans-
mitted, such as in writing or orally?

● Is the examining veterinarian (or the practice),
someone (or an entity) who has little or no
financial or business relationship to the seller
or lessor or their agents?

● Has the examining veterinarian disclosed to
the client any relationship that does exist be-
tween the veterinarian and the seller, lessor,
or their agents?

● Who recommended the veterinarian as the vet-
erinarian for the examination?

● What is the understanding as to by whom the
veterinarian is employed? The actual pur-
chaser/lessor or their agent? Someone else?

● Has the veterinarian confirmed who is the cli-
ent and how so?

● Has the veterinarian been informed by the
seller/lessor and their agent, as well as
the client’s agent of the intended purpose of
the horse which the veterinarian is
examining?

● Has the veterinarian been told whether the
horse is being considered for competition at a
particular level of a particular discipline, for
investment, resale, or for use and retirement?

● Who is directing the veterinarian as to the
scope and extent of the examination (i.e., num-
ber and location of radiographs)?

● Did the veterinarian provide a written exami-
nation directly to the client?

● Did the veterinarian do so before the client
approved the purchase or lease and closed the
transaction?

● If the veterinarian is then asked to execute an
insurance health certificate for the new owner
or lessee, what statements will the veterinar-
ian be required to make to the insurance com-
pany? (To wit: the veterinarian’s certificate
often makes statements in answer questions
as to past history or conditions of the horse).

● Upon whose information did the veterinarian
rely when executing that insurance certificate?
(Note that knowingly providing false informa-
tion to an insurance company could negate
coverage or form the basis for a claim against
the veterinarian by the client of the veterinar-
ian or the insurance company).

Clients have certain legal rights to full disclosure.
Florida, Kentucky, and California in particular have
laws that specifically address horse sales, while
other states follow their consumer protection laws.g

Without proper disclosure to the veterinarian, as
the examining veterinarian, of the prior conditions,
health, and treatment of the horse, the veterinarian
cannot render an opinion upon which the client can
use to make an informed decision whether at all to
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purchase, lease with an option, or lease. Further,
the client cannot insist upon removal of disclaimers,
or the inclusion of exceptions or pre-conditions in the
transaction to account for any pre-existing condi-
tions of the horse.

The veterinarian really is traveling in the dark
without guidance if not informed of what has been
going on with the horse and what the program is to
keep the horse healthy and sound. Further, the
veterinarian may not appreciate the complex busi-
ness and financial relationships amongst all of the
parties to the transaction that might affect the ac-
curacy or level of detail that flows to the veterinar-
ian as the veterinarian makes decisions. The
veterinarian should also save texts, emails, scans,
photos, and attachments related to the examination
and discussions of the findings thereof. The veter-
inarian should preserve what the veterinarian was
informed concerning the history of the horse and
about the pre-purchase examination or pre-lease
examination.

6. Concerns for Agents

Agents in equine transactions are those who repre-
sent a principal, usually for commission or other
compensation. If the veterinarian is being compen-
sated by anyone in an equine purchase or lease
transaction, it is likely the veterinarian is an agent.
If others are speaking to the veterinarian on behalf
of the buyer or seller, then they are agents. Often,
whether the veterinarian was an agent, and for
which party or parties, becomes an issue. If the
veterinarian is working for, or being compensated
by, multiple parties to a transaction, then the vet-
erinarian is considered a “dual agent.” Some
states, for example Florida, require disclosure of a
veterinarian’s agency, dual agency, commission, and
require consent of the buyer and seller or lessor and
lessee.h

Because these general principals apply to agents,
as an agent of the purchaser or lessee, the veteri-
narian may have his or her own perspective on the
above set of bullet-point concerns, which the veteri-
narian should consider during the pre-purchase ex-
amination or pre-lease examination process. As an
agent, the veterinarian should be mindful and take
care to note where information is coming from, how
it is relayed, and how the veterinarian discloses it to
the agent’s principal. It is not infrequent that in a
purchase or lease dispute, someone says, “I told the
agent,” or “the agent did not tell me.”

If the veterinarian is the prospective buyer’s
agent, the veterinarian should insist on copies of all
of the seller’s or lessor’s veterinary records, or the
contacts to obtain them. The veterinarian should
then obtain those records and be sure they are given
to the pre-purchase veterinarian. The veterinarian
must obtain a written pre-purchase examination
from the veterinarian and send that, along with the
records, to the prospective buyer, the principal.

If the veterinarian is the seller or lessor’s agent,
the veterinarian should be sure to disclose any
knowledge about the horse and make it clear, and
document the transmission of information and pro-
vide or offer access to the veterinary records. Re-
member the examining veterinarian, is relying upon
these representations while examining the horse, so
accuracy is important. Further, the veterinarian
may find the representations are included in a later
insurance certificate, so be accurate to avoid any
misadventure in an insurance coverage dispute
later.

The point is, as the veterinarian conducting the
examination goes about the role in a purchase or
lease transaction, whether speaking to the other
side of the transaction, be it other agents or princi-
pals, or communicating with the pre-purchase
veterinarian, or communicating with their own
principal, the veterinarian should keep a docu-
mented record of what is being said, by whom and
when. The veterinarian should also save texts,
emails, scans, photos, and attachments. That
documentation may be useful later.

7. Best Practices for Pre-Purchase and Pre-Lease

Examining Veterinarians

With the above concerns in mind, there are some
best practices the examining veterinarian might
consider undertaking the following practices:

● Note in written records and written pre-pur-
chase examination report who exactly was
present at the pre-purchase examination.

● Note as well who defined the scope of the
examination.

● Find out and note the intended purpose of the
purchase or lease.

● Note what was disclosed about the past health
and soundness history of the horse and from
whom each of the disclosures was made.

● Obtain the contact information of the principal
(the prospective buyer or lessee) for whom the
veterinarian are actually working and send
that principal a copy of the written pre-pur-
chase examination report.

● Prepare a written pre-purchase examination
report contemporaneously or immediately af-
ter with the examination.

● Avoid subjective opinion in any report. The
report should consist of clinical observations,
from which the buyer can draw conclusions.

● Avoid the same when interpreting
radiographs.

● The veterinarian should, however, explain
findings adequately in the report for a lay per-
son to understand, and in further detail if
asked.

● Do not accept an agent’s word that the agent
will send the report to the principal. The ex-
amining veterinarian will want to do this and
retain a copy of that transmittal.
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● Note in written records any subsequent con-
versations the veterinarian has with the
prospective buyer or lessee should the veteri-
narian have occasion to speak with them.

● Do not let the agent retain the veterinarian as
the agent’s veterinarian for the examination—
the veterinarian is working for the prospective
buyer or lessee and any reports and billing and
report distribution should reflect that agency.

Experience has shown that a large part of equine
transaction disputes concern allegations of non-
disclosure of prior health or soundness is-
sues. When the fingers start pointing, the veteri-
narian does not want to be accused of not informing
someone of something. Conversely, to avoid accu-
sation, the veterinarian should be able to dive into
the records and demonstrate who told the veterinar-
ian what, or did not disclose, during the pre-pur-
chase examination or pre-lease examination
process. The veterinarian should also be able to
definitely articulate for whom the veterinarian was
working at the time of the examination. An ounce
of prevention to understand and record matters at
the time of the examination is worth a pound of cure
to try and recreate from memory and intention what
happened at a pre-purchase examination or pre-
lease examination in the past.

With those thoughts in mind, the next time a
pre-purchase or pre-lease examination is on the ho-
rizon, take a moment to stop and go through stan-
dard practices and adjust them so that they become
best practices.
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Footnotes

aSee Watkins v. NCNB Nat. Bank of Florida, N.A., 622 So.2d
1063, 1065 (Fla. 3d DCA 1993) (quoting Bankest Imports, nc. v.
Isca Corp., 717 F.Supp. 1537, 1541 (S.D.Fla. 1989) (“To establish
a fiduciary relationship, a party must allege some degree of de-
pendency on one side and some degree of undertaking on the
other side to advise, counsel, and protect the weaker party”). See
also Taylor Woodrow Homes Fla., Inc. V. 4/46-A Corp., 850 So.2d
536, 540 (Fla. 5th DCA 2003) (quoting Quinn v. Phillips, 93 Fla.
805, 113 So. 419, 421 (1927)). “A fiduciary relationship is based
on trust and confidence between the parties where ‘confidence is
reposed by one party and a trust accepted by the other.’” Such a
relationship may arise from an express contract or may be im-
plied in law. Id.

bAAEP Guidelines for Reporting Pre-Purchase Examinations
(2009). https://aaep.org/guidelines/aaep-ethical-and-professional-
guidelines/aaep-position-statements/sale-issues.

cAAEP Position On Sale Disclosures (1998). https://aaep.org/
guidelines/aaep-ethical-and-professional-guidelines/aaep-position-
statements/sale-issues.

dSee, e.g.: Restatement (Third) of Agency §8.01 (2006); see also
Capital Bank v. MVB, Inc, 644 So. 2d 515, 520 (Fla. 3d DCA 1994)
(“A fiduciary owes to its beneficiary the duty to refrain from
self-dealing, the duty of loyalty, the overall duty to not take unfair
advantage and to act in the best interest of the other party, and
the duty to disclose material facts”).

eSee Capital Bank, supra, 644 So. 2d at 518.
fSee, e.g., footnotes c and f herein.
gSee. e.g.: Fraud in Horse Sales: Florida’s Rule 5H and Unfair

and Deceptive Acts by Equine Sellers, Agents, and Others, The
Florida Bar Journal, Volume 92, No. 9, November 2018. https://
www.floridabar.org/the-florida-bar-journal/fraud-in-horse-sales-
floridas-rule-5h-and-unfair-and-deceptive-acts-by-equine-sellers-
agents-and-others/.

hId., fn e, herein: “ Undisclosed agency and compensation ar-
rangements amongst owners, sellers, agents, trainers, sponsors
and other ‘facilitators’ are common in the horse world and have
normalized unfair and deceptive acts that would not be permitted
in other industries. The problem is not limited to Florida, nor,
indeed, the United States. In England, secret commissions are
known, ironically, as ‘sweeteners.’ Evans, Richard, Jockey Club
Probe Bloodstock ‘Fraud,’ DAILY TELEGRAPH (London), Jan.
27, 2004, Sport, at 1.”
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1. Introduction

The musculoskeletal architecture of the modern
horse is a textbook study in the specialized anatom-
ical adaptations of cursorial locomotion. During
the peregrination of the equid from North America
to the steps of Asia, the frame of the horse grew in
stature as they migrated from semitropical into
more open savanna environments where speed and
endurance were necessary for survival.1 It is dur-
ing this period of the horses’ evolution that unique
locomotor adaptations to the musculoskeletal sys-
tem developed.2

2. Modern Equine Development

Over approximately 55 million years, the fossil re-
cords show that multiple toes evolved into a single
toe and the bones of the lower limb elongated that
resulted in greater potential leverage powered by
the major muscle groups concentrated in the upper
part of the limb. The sesamoid bones became
highly developed, giving the tendo-ligamentous
structures of the suspensory apparatus mechanical
advantage. The arrangement of a single hardened
toe, skeletal adaptations, elongated tendons, and
proximal migration of muscle groups made way for a
strong, energy-efficient animal whose lower limb
function used a high degree of automaticity.2,3

3. Structure and Function of Specific Anatomy

The specific adaptations that influence the pelvic
limbs work on the principles of using bone shape,
bone length, and bone position to increase lever-
age; tendinous muscle development for passive
weight bearing and synchronous joint movement;
and the elongation of distal tendons for elastic
recoil.4 These systems work in concert to facili-
tate the transfer of potential, kinetic, and elastic
energy, reducing the chemical energy required of
skeletal muscle.5

The locomotion characteristics of the horse result
in the hindlimbs contacting the ground before the
forelimbs in gaits having a suspension phase.6

Therefore, the ability of the hindlimbs to dissipate
the forces of ground impact is essential for lifelong
soundness.

In comparison to the straight force vector position
of the knee when receiving load, the capability of the
hindlimb to dissipate energy is significantly in-
creased by the reciprocal flexing actions of the hock
and stifle while decelerating. At no point of the
stride do the proximal joints of the pelvic limb re-
ceive load in a straight force vector position.6

An underpinning function of the tarsal joint is to
actively stabilize the leg while dissipating energy
during the deceleration phases of the stride.6 The
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tarsocrural joint has the greatest range of motion of
the hock, and the increased leverage provided by the
extended moment arm of the calcaneus adds me-
chanical advantage to the superficial digital flexor
tendon (SDFT) and common calcaneal tendon in re-
sisting the tensile forces developed during stance
phases.

In contrast to the “open kinetic energy chain sys-
tem” of thoracic limbs (in which the body mass is
suspended within the shoulder girdle by fibrous
muscles), the pelvic limbs (via the ball and socket
joint of the hip) are in direct contact with the axial
spine, which results in a “closed kinetic energy chain
system” that is more efficient in storing and releas-
ing energy.7

Pelvic limb muscles have been found to have
larger volumes and shorter fascicle length than
thoracic limb muscles,8 which facilitate a greater
ability to generate explosive power and endurance
and serve as a spring dampener to dissipate
vibration.2

The mechanical apparatus of the hindlimbs has to
provide energy for propulsion through the concentric
action of muscles, provide energy for deceleration
and stability through the eccentric and isometric
action of muscles, and store elastic energy within
adapted muscle, ligament, and tendon.4,6,9

The makeup of the proximal joints of the pelvic
limb function to resist the frictional coefficient of the
ground reaction by the eccentric action of muscles
controlling hip, stifle, and hock flexion during the
deceleration phases of the stride.7,10 In addition,
the tendo-musculature and collateral ligaments sup-
porting these joints must resist torsional moments
and maintain stability until midstance2,10,11 and,
simultaneously, elastic energy is stored in the
adapted soft tissue structures and is used to facili-
tate propulsion.4

There are significant morphological and func-
tional differences between the thoracic and pelvic
limbs. Basic functional requirements of the fore-
limbs and hindlimbs will show that the front limbs
bear approximately 60–65% of body weight, as the
horse stands and at critical times of the stance
phases. Hindlimbs function to dissipate shock,
provide stability for deceleration, and provide im-
pulsion for forward movement. These explanations
describe basic functions but are too simple for accu-
rate biomechanical assessment and comparative
studies with other species.

In general, anatomical morphology dictates the
function of structures or physical systems and is
best described in this quote by Dr. Milton
Hildebrand:

“The degree of specialization of an anatomical
structure is proportional to the importance for the
species survival.”

Some examples of forelimb to hindlimb anatomi-
cal differences are as follows:

● Stay apparatus: patellar locking (skeletal) of
the stifle and tendon of the biceps brachii (soft
tissue) of shoulder.

● MT3 is longer than MC3.
● Geometry of MT3 results in a greater resis-

tance to medial/lateral (M/L) and dorsal/plan-
tar (D/P) bending forces.12

● The proximal sesamoid bones of the foreleg are
larger and more rounded than those of the
hindleg.

● The fourth metatarsal bone is larger than the
fourth metacarpal bone, providing a greater
surface area for the insertion of tendons and
structural ligaments.

● The superficial digital flexor tendomuscular
system of the hindlimb has very little muscle
mass compared to the forelimb, resulting in a
more ligamentous function.

● The overall increased length of the caudal ten-
domuscular system in the hindlimb (SDFT and
deep digital flexor tendon [DDFT]) facilities a
greater capacity for elastic recoil compared to
the front limb.

● Energy saving reciprocal apparatus of the hock
and stifle: there is no such apparatus in the
foreleg.

● The hock is designed to receive load dynami-
cally, whereas the knee must remain static
while loading and at midstance.

● There is no superior check ligament associated
with the SDFT in hindlimbs.

● The inferior check ligament associated with
the DDFT is significantly smaller in
hindlimbs.

4. Anatomy of the Reciprocal Apparatus and

Suspensory Apparatus

The superficial flexor tendon/muscle and the fibu-
laris tertius work in concert as mainstays of the
“reciprocal” apparatus during rest and to simultane-
ously flex the hock and stifle during liftoff and initial
phases of protraction with a marked degree of auto-
maticity and minimal expenditure of energy.

The superficial flexor muscle originates from the
supracondylar fossae situated caudoproximal to the
lateral condyle of the femur. Its mass is signifi-
cantly less than but is much more tendinous than its
counterpart on the forelimb. The actual muscle
belly is encased in thick myofacia and is reduced to
an elongated fibrous muscle adapted to resist
chronic tension. The SDFT has no accessory liga-
ment, as its tendon forms a fibrocartilaginous cap,
and its retinacula insert on the M/L calcaneal tuber-
osity and continues distad until its terminal inser-
tion at the plantar/proximal border of the middle
phalanx.

The fibularis tertius (formally peroneus tertius)
originates on the lateral femoral condyle and
courses down the cranial aspect of the tibia, deep to
the long extensor, lateral extensor, and tibialis cra-
nialis. Distally, it passes deep to the tendon of the
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tibialis cranialis and divides into two branches ex-
tending and inserting dorsally and laterally into the
distal row or tarsal bones, the metatarsal tuberosity
of the cannon bone, and laterally onto the fourth
metacarpal, respectively.14

The fibularis tertius is constituted mainly of ten-
dinous fiber with little skeletal muscle mass lending
to its static tensile resistance capabilities.

The deep digital flexor muscle heads originate
from the proximal caudal fibula and the caudola-
teral margin of the proximal tibia. The less-devel-
oped deep digital muscle mass and diminished size
of the subtarsal accessory ligament of the pelvic limb
are consistent with its diminished function com-
pared to the increased need for tensile resistance of
the thoracic limb.

The “suspensory apparatus” of the distal limb is
the term that describes the mechanism of support
and function of the joints of the equine distal limb
during the static and dynamic loading phases of the
stride. Soft tissue and skeletal adaptations work in
concert to provide the loading capacity of the joints
of the digit that give horses the fluid locomotion
characteristics that humans value. The suspen-
sory apparatus of the modern horse is another ex-
ample of developmental adaptations that minimize
the use of musculature, resulting in an overall de-
crease in weight and an economical expenditure of
energy.

The suspensory apparatus has three primary
functions:

● Support
● Shock dissipation
● Impulsion

The anatomical structures involved in the suspen-
sory apparatus are as follows:

● The main body of the suspensory ligament.
● The medial and lateral branches of the suspen-

sory ligament.
● The medial and lateral extensor branches of

the suspensory ligament and the common ex-
tensor tendon.

● The distal sesamoidian ligaments: straight
sesamoidian, oblique sesamoidian, and M/L
cruciate.

● The superficial and deep flexor tendons.
● The collateral ligaments of the distal interpha-

langeal joint.

This system, in combination with the palmar/pas-
tern and collateral ligaments of the digit, functions
to maintain the fetlock, pastern, and coffin joint in a
straight phalangeal alignment when standing.
It also serves to resist over dorsiflexion of the fetlock
and hyper flexion of the coffin joint under load.

The suspensory ligament originates from the pal-
mar proximal aspect of the 2nd, 3rd, and 4th metatar-
sal bones. It courses distally between the splint

bones, adjacent to the plantar aspect of the cannon
bone, and bifurcates into medial and lateral
branches prior to the nodules of the splint bones and
subsequently inserting onto to proximal fossae of the
medial and lateral proximal sesamoids. It sends
two smaller branches dorsodistally to aponeurosis
with the common extensor tendon, which ultimately
inserts onto the extensor process of the distal pha-
lanx. Muscle fibers found in the body of the sus-
pensory ligament are evidence of the interosseous
muscles’ adaptation into its present ligamentous
morphology and perhaps its ability to withstand the
tensile forces generated during the loading phases of
the stride. The tensile load on the suspensory lig-
ament increases and decreases dependent of the an-
gulation of the fetlock within each case. The
proximal sesamoids and navicular bone are critical
to the system by providing significant mechanical
advantage to the tendons and ligaments. The well-
developed sesamoid bones, in particular the proxi-
mal sesamoids, serve to increase the skeletal
moment arm of the plantar aspect of the fetlock,
giving the flexor tendons mechanical advantage.
The distal sesamoid bone (navicular bone) functions
to maintain a consistent angle of insertion for the
DDFT as it fans out to insert onto the semi-lunar
crest of the distal phalanx or P3. The navicular
bursae interposes between the flexor surface of the
navicular bone and the flexor surface of the DDFT.
The DDFT has significant fibrous insertions onto the
axial projections of the ungular cartilage.

The straight sesamoidian ligament originates
from the distal sesamoidian fibro cartilage situated
distally on the medial and lateral proximal sesamoid
bones. Functionally, it is a continuation of the
main body of the suspensory ligament and is the
only one of four distal sesamoidian ligaments that
extend distally to the proximal plantar aspect of the
middle phalanx. The middle or oblique sesamoid-
ian ligament has two branches. Each branch orig-
inates from the bottom of the medial and lateral
sesamoid bones, respectively, join together, and in-
sert onto the middle plantar pedicle of the proximal
phalanx. As the middle sesamoidian ligament does
not cross over the interphalangeal joint, the tensile
loads are not directly attributable to the angular
position of the fetlock joint. There is very little
reporting in the literature as to the specific function
of the oblique sesamoidian ligament, but most bio-
mechanical anatomists believe its function is to aid
in support of the tensile load on the suspensory
apparatus and to give torsional stability to the fet-
lock joint under load.

The cursorial adaptations to the musculoskeleture
of the horse that occurred from his smaller digit-
grade posture to the relatively large framed animal
of the modern ungulate are examples of the efficient
use, storage, and return of energy systems devel-
oped over the horses’ evolution. The migration of
large muscle mass to the proximal body results in
the ability to generate large eccentric, concentric,
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and isometric forces in the stance phases of the
stride. The adaptation of musculotendinous bodies
like the superficial flexor muscle, the fibularis ter-
tius, and the interosseous muscle results in the abil-
ity to resist chronic tensile forces in the deceleration
and midstance phases and initiates joint flexion of
the pelvic limb during the late stance phase and
early swing phase. The resulting loss of muscle
mass has made the distal limb much lighter and
easier to control the centrifugal forces generated in
late swing phase and moment of ground contact.2

The size of and locomotion characteristics of the
horse dictate a musculoskeletal system that is able
to dissipate concussive forces and resist tensile and
torsional forces generated during athletic competi-
tion. It is this architecture of specialized skeletal,
ligament, and tendon adaptations that facilitate the
athletic potential of the horse.
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1. Introduction

“Conformation” is a term often used in the assessment
of horses by breeders, judges, riders, farriers, and vets
and is determined by the skeleton, the length, and
shape of the bones and their arrangement with regard
to each other. Thus, conformational traits comprise
segment lengths, segment angles, and the orientation
of the leg to the ground. Many authors consider the
ratios of the lengths and angles and their (a)symmetry
to be more important than the absolute values. Con-
formation is mainly influenced by the genetic makeup
of a horse and is often breed specific, while other fac-
tors (such as nutrition, aging, podiatry) have a much
smaller influence.

Foot conformation describes the size, shape, and
(a)symmetry of the foot and while genetics also play
a large role, the foot—unlike conformation of the
rest of the body—is much more influenced by envi-
ronmental factors, such as usage, nutrition, and es-
pecially podiatric management. The foot forms the
interface between the ground and the horse and
conformation of the foot hence not only influences
how the load of the body weight of the horse is
distributed over/within the foot, it also influences
how it is affecting the rest of the horse.

2. Understanding the Relationship Between Extensor

and Flexor Moments

Following Newton’s third law, for every action
(force) in nature there is an equal and opposite re-
action.1 The force the body generates when in con-
tact with the ground is called ground reaction force
(GRF). The GRF has a magnitude and a direction.
Its magnitude is dependent on only two factors:
how heavy the horse is and how fast it moves.
Nothing but those two factors can change that and
each foot (and the rest of the leg) has to cope with
that. What is influenced by foot conformation (and
all the factors that determine foot conformation) is
its direction, especially where the GRF vector enters
the foot. This point is called the “point of force
application” or the “point of zero moment” (POZ).
This in turn influences where the GRF vector runs
in relation to the joints. As the horse’s leg is not
straight, the GRF exerts a rotational force on each of
the joints (especially the fetlock and coffin joints);
this rotational force is called a “moment.” The dis-
tance between the GRF vector and a joint (the center
of rotation to be precise) determines how much “le-
verage” the GRF has on this joint and it is called the
GRF moment arm. The further the GRF vector is
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away from a joint, the bigger its moment arm and
hence leverage on this joint. If nothing would coun-
teract this, the leg (and the horse) would simply
collapse. The GRF acts on the front of the horse’s
leg, also called the extensor side (as this is where leg
extension happens). To prevent the leg from col-
lapsing, there needs to be an equal force on the other
side (the flexor side of the leg) to counteract this.
This is achieved by the spring-like properties of the
suspensory apparatus and the deep and superficial
flexor muscle-tendon units and their supporting lig-
aments in combination with their moment arms
around each joint2; the moment arms are the dis-
tances between the tendons and the center of rota-
tion of each joint; hence, the flexor moment is the
product of the force in those soft-tissue structures
and their moment arms. These moment arms do
not change as they are morphologically constrained
by the presence of sesamoid bones: the proximal
sesamoid bones at the level of the fetlock and the
navicular bone at the level of the coffin joint. In-
creasing the moment arm of tendons/muscles is in-
deed the “job” of sesamoid bones, thus decreasing
the force on the tendon/muscles and hence protect-
ing their associated soft-tissue structures from over-
loading. In the case of the horse leg, every increase
in extensor moment will require an increase in
flexor moment. As the flexor moment arm is con-
stant this will result in an increase in force in the
flexor tendons/suspensory ligament. A more de-
tailed explanation of horse leg biomechanics can be
found in the book by Wilson and Weller.3

3. How Does Foot Conformation Influence the

Extensor/Flexor Moment System?

In the most simple terms: the longer the toe, the
further forward the POZ is positioned and the fur-
ther away the GRF vector is from the joint center of
rotation, thus increasing the extensor moment arm
at all joint levels and increasing the total extensor
moment. This requires an increase in flexor mo-
ment to prevent the leg from collapsing and in-
creases the force on the flexor tendons/suspensory
ligament. Lengthening of the toe is obviously a
normal physiological effect that is caused by horn
growth and its effect has been described.4,5 Short-
ening the toe or elongating the heels moves the POZ
further back and the GRF vector closer to the center
rotation of the joints, thus resulting in smaller mo-
ment arms on the extensor side, an overall smaller
extensor moment, and hence flexor moment and
smaller forces in the flexor structures. Shortening
the toe can obviously be achieved by trimming
and/or shoeing. Heel extensions and heel wedges
have a similar effect in terms of moving the POZ
backward and an overall decrease in flexor moment;
however, heel wedges have the additional effect of
unloading the deep digital flexor tendon (DDFT) and
shifting the load to the other flexor structures.

Changes in conformation and moments not only
affects the tendons, but also other musculoskeletal

structures. For example, a change in tendon force
also affects the sesamoid bones they are associated
with. As the force in the tendons go up,
the more pressure and strain they exert on their
respective sesamoid bone. This is well documented
for the navicular bone where every degree change in
the solar border of the pedal bone results in a 4%
change in strain in the DDFT and the pressure it
puts on the navicular bone under.6

Changes in conformation (natural or podiatry re-
lated) also changes the way bones and joints are
loaded. For example, heel wedges increase the
pressure in the dorsal area of the coffin joint.7

4. Lateromedial Conformation

So far only the leg has been considered as a two-
dimensional structure with its movement con-
strained to the sagittal plane. While horse
anatomy is optimized for movement in the sagittal
plane, there is of course movement in the other
planes as well albeit to a much smaller degree.
At each joint the GRF vector exerts a moment in 3D
and if there is an increase of the moment on one side,
this will result in an increase on the other side and
an uneven loading of the joint surfaces as well as an
uneven strain in the collateral ligaments. The
GRF always follows the direction of the extension.
If there is a lateromedial imbalance of the foot with
the medial side higher than the lateral side, this will
result in an increase in pressure on the medial side
and an increase in strain in the lateral collateral
ligament.

5. How Does This Translate into the Real World?

Using Newtonian physics to explain leg mechanics
in a horse leave one vital component out: the “bio”
in “biomechanics.” Unlike (most) manmade struc-
tures, biological tissues can heal and horses can use
their legs differently. Indeed, looking at the confor-
mation of horses standing does not equal how they
use their legs,8,9 and horses show change in their
locomotion changes to compensate for growth re-
lated changes in conformation.10 It also does not
take into account the effect of surfaces on biome-
chanics or on vibrations (which are also an impor-
tant factor in the development of orthopedic
disorders).

Despite all these other factors, epidemiological
studies have shown that there is a correlation be-
tween foot conformation and injury. It has been
shown that the odds suffering from DDFT lesions
and navicular bone pathology change with solar an-
gle of the pedal bone.11 Horses with a mediolateral
foot imbalance have been shown to be more prone to
collateral ligament problems,12 although this corre-
lation was much more subtle than the relationship
between dorsopalmar foot conformation and prob-
lems with the navicular apparatus.

Due to the clinical nature of these studies it is,
however, unclear as to what is cause and what is
effect. Many horses suffering from foot-related
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lameness enter a vicious cycle as it has been shown
that horses with palmar foot pain adopt a toe-first
landing pattern, which shifts the POZ forward and
in turn increases the strain in the flexor structures
and the pressure on the navicular bone.13

6. Conclusion

Foot conformation influences the load distribution
not only within the musculoskeletal structures
within the foot but also the rest of the leg. The
majority of orthopedic problems in horses are degen-
erative in nature and the result of repetitive over-
loading that exceeds the natural repair capacity of
the body tissues. Their development is multifacto-
rial; however, considering the fragility of some of the
musculoskeletal structures optimization of load, dis-
tribution is key and paying attention to foot confor-
mation is absolutely vital.
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How to Understand Lameness: The Link Between

Force and Movement Asymmetry

Thilo Pfau, Dr.-Ing., FHEA

Veterinary decision making during the equine lameness examination follows a logical structure that

is well suited for the incorporation of additional knowledge. The “lameness mechanism” nicely links

reduced force production with the affected limb to the major visual indicators of lameness: head nod

and hip hike. Newtonian mechanics provides supporting evidence for this link. Modern sensor or

camera-based techniques allow for a straightforward quantification of head and pelvic movement

asymmetry as decision-making aids—in particular for overcoming the limits of the human visual

system and for reducing bias after the elimination of pain via diagnostic analgesia. Because all

stages of the lameness examination can be quantified with technological aids, i.e., straight line, lunge,

ridden exercise, flexion tests, and improvement after diagnostic analgesia, these aids can also be used

in symmetrical bilaterally lame horses. Additional measurements, such as the movement of the

withers (compared to the movement of the head), provide extra information that is not easily

appreciated by eye and can help differentiate between true forelimb lameness and horses showing a

compensatory head nod. Author’s address: Department of Clinical Science and Services, The

Royal Veterinary College, University of London, Hawkshead Lane, North Mymms, Hatfield, AL9 7TA,

United Kingdom; e-mail: tpfau@rvc.ac.uk. © 2020 AAEP.

1. Decision Making During the Lameness Examination

The veterinary lameness examination typically fol-
lows a logical structure with the overall aims of (1)
establishing whether the horse is lame or not, (2)
grading the severity of one (or more) detected gait
deficit(s), and (3) to localizing the source(s) of the def-
icit(s).1 The structure, which typically involves a gait
assessment in different gaits, on different surfaces,
in-hand, on the lunge and/or ridden, before/after flex-
ion tests, and before/after diagnostic analgesia, is
meant to facilitate the detection and grading of lame-
ness as well as identification of the most promis-
ing regions for conducting further investigative
steps, typically involving diagnostic imaging.
However, the multitude of different exercise con-

ditions, under which the horse needs to be as-
sessed, also poses a challenge to human decision
making: not always will all detected signs be in
agreement. Thus, human decision making in sit-
uations like these can be “suboptimal.”2 The
level of intra- and interobserver agreement for the
veterinary lameness exam is well documented.
The reported low level of agreement3,4 may be
related to the fact that there seem to be a multi-
tude of “features” that experienced veterinarians
will consider when visually observing a horse for
signs of lameness and sometimes lameness scoring
also involves a second source of variability, such
as a rider and his/her influence on the horse’s
movement.5
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2. A Common Mechanism

As a consequence of the multistage process followed
during the lameness examination, identifying a uni-
fying “mechanism” that is applicable to most (or
ideally all) lame horses would be advantageous for
reducing the complexity of quantifying sensitive and
specific movement parameters for differentiating be-
tween nonlame and lame horses. Commonly, diag-
nostic analgesia is instrumental in identifying the
anatomical region that appears to be causing pain
during movement, i.e., the horse moves substan-
tially differently after eliminating the pain from an
anatomical region or from a specific structure.6,7

Common logic indicates that if pain is experienced
within a limb that an animal will aim to reduce the
force that is produced by this limb; as an analogy,
imagine a stone in one of your shoes and how this
affects your willingness to make use of the affected
limb during walking (or even running).

3. How to Assess Force

After having identified a (unifying) mechanism,
namely decreased forces produced with the affected
limb, the next question is: what is the best method to
detect a change in force production? Of course, one
can make use of sophisticated (and more or less
expensive) devices, such as force platforms, force
shoes, or pressure mats. These devices measure
the force produced during ground contact and pro-
duce accurate and precise readings of the ground
reaction forces, i.e., the force exerted from the
ground onto the animal when a limb (or multiple
limbs) is in contact with the surface.8–11

4. Kinematics of Lameness

For centuries, veterinarians and farriers have found
a much easier way of identifying the affected limb
that does not require the measurement of force.12

It simply involves careful visual observation of a
horse in motion. Typically performed, and most
easily explained, in trot, it comes down to identify-
ing the existence and severity of a head nod, hip
hike, or pelvic hike as an indicator of the existence
and grade of lameness.

Newtonian mechanics can then be used to explain
how these kinematic (movement) features are di-
rectly related to kinetic changes (changes in force),
in particular the reduction in force production dur-
ing the stance phase of the lame limb.13

5. Head Nod and Hip Hike and the Link to Force

Asymmetry

Head nod and hip hike are features that have been
described in multiple studies with two- or three-
dimensional kinematics and more recently also with
the use of inertial measurement units.14–17 Both
features are typically described in trot, a two-beat,
diagonal gait with simultaneous ground contact of
diagonal pairs of limbs.18 The two-beat nature of
the trot is advantageous, as there is a clear differ-

entiation between the period of ground contact of a
diagonal pair of limbs, the following aerial phase,
subsequently followed by the ground contact of the
opposite diagonal pair of limbs, and finally a second
aerial phase. This means that the full stride cycle
can be divided easily into two halves, namely, “down
then up” during ground contact, upward movement
continued into the aerial phase and then downward
movement in the second half of the aerial phase,
leading into the stance phase of the other diagonal
pair.

In the nonlame horse, the two halves of the trot
stride are expected to follow near-identical vertical
movement of the upper body, and the horse is pro-
ducing the same amount of force with both front
limbs. In the front limb lame horse, which pro-
duces less force with the affected front limb, there
will be less vertical movement during the stance
phase of the lame limb and more vertical movement
during the stance phase of the sound limb.9,14

The situation is slightly more complicated for the
hindlimb lame horse: the hip hike, often described
as an increased vertical movement of the tuber
coxae on the side of the lame limb, is a paramount
sign of hindlimb lameness.15 At first sight, this
indicator may appear counter-intuitive: why would
there be increased movement on the side of the lame
limb? Does this not contradict the paradigm of
“less force, less movement”? A closer look at the
timing of the increased movement amplitude on the
side of the lame limb indicates that this movement is
actually happening during the ground contact of the
nonlame limb.13,15,19

The same mechanism applies to forelimb and
hindlimb lameness: less vertical movement dur-
ing the stance phase of the lame fore or hindlimb.
It is simply the case that the increased rotation of
the pelvis during nonlame stance further ampli-
fies the increased vertical movement during the
nonlame stance phase. The nature of the
rotation—when the nonlame limb is in ground
contact—means that it amplifies the movement am-
plitude on the contralateral side, i.e., on the side of
the lame limb. The reduced force during lame
stance has the opposite effect: restricted rotation of
the pelvis. Hence, the already reduced vertical
movement is not amplified to the same degree on the
contralateral (nonlame) side.

6. Newton’s Laws of Motion and Math

Newton’s laws of motion explain why head nod and
hip hike are such important parameters for identi-
fying and grading lameness. Experience shows
that head nod and hip hike are reliable indicators of
lameness. However, there is a more compelling ar-
gument that links the kinematic signs of lameness
to the underlying force changes–Newton’s second
law of motion. It states that when a force F is
acting on an object of mass m, it causes the object to
accelerate by a (or in equation form, F � m*a).
So, less vertical force F will lead to less vertical
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acceleration a (the mass m of the horse of course
stays the same). Secondly, mathematically, accel-
eration is related to velocity (the speed of the move-
ment) and to displacement (how much the object
moves) by integration over time. Effectively, re-
duced force production means less acceleration of
the attached body part, a lower speed, and a reduced
amplitude of movement (displacement).

As a consequence, head nod and hip hike, which
logically relate to reduced force production in the
lame limb, can also be derived from Newton’s second
law of motion and some math.

7. Quantification of Movement Asymmetry

Now that the relationship between head nod and hip
hike and the underlying mechanism of reduced force
production are clear, think about how to make use of
technology to aid human decision making during the
lameness examination. It has been shown that hu-
mans have a limited ability to appreciate movement
asymmetry below a threshold of 20 to 25% ampli-
tude difference.20 In a horse with a typical vertical
movement amplitude of 60–100 mm for the upper
body during a trot stride cycle, this level of 20–25%
translates into 12–25 mm of movement asymmetry
that may be necessary to detect this asymmetry
with confidence. Modern technology is more ad-
vanced than that. Camera-based three-dimen-
sional motion capture systems can be calibrated to
below millimeter accuracy over capture volumes
large enough to cover an entire riding arena.21

Inertial sensors are accurate (for quantifying dis-
placement during near-cyclical movement) down to
a few millimeters22,23 and have the additional ad-
vantage of in-built data loggers or wireless links
extending to ranges of 50 m or more. Hence, these
techniques provide the necessary freedom for the
horse to move naturally (without the need for a
treadmill that might cause unwanted movement
artefacts24) and allows movement asymmetry to
be quantified during all stages of the lameness
examination, including the response to diagnostic
analgesia.25–29

8. What About Bilateral Lameness?

In the context of movement asymmetry measure-
ments to aid lameness examinations, sooner or later
the question arises: “But what about the bilater-
ally lame horse? It does not move asymmetrically.”
The answer to this question is two-fold: first, as
outlined above, technology may pick up subtle move-
ment asymmetries that can be hard to detect consis-
tently by eye. Previous research shows that some
bilaterally lame horses indeed show subtle move-
ment asymmetries30 and some mild pre-existing
asymmetries on the straight may be exacerbated on
the lunge.31,32 The second point, however, is more
essential: in much the same way that horses are
put on the lunge, flexion tests are being performed
and diagnostic analgesia is administered and then
the horse is observed by eye. These same tools

(lunge, flexion tests, and diagnostic analgesia) still
exist when measuring movement asymmetry,33

and the freedom of movement afforded by modern
technology makes it easy to do this wherever the
horse may be. Hence, a near-symmetrical bilater-
ally lame horse will then show changes in asymme-
try measurements either on the lunge, after flexion
test, or after diagnostic analgesia. Having an ob-
jective, quantitative measurement might contribute
to limiting the “expectation bias” that can affect
judgment of intrahorse changes, e.g., after diagnos-
tic analgesia.34

9. Lameness Versus Movement Asymmetry

A recent editorial has initiated discussion about the
definition of lameness and the impact of technolog-
ical aids on that definition.33 Although there
clearly are different opinions about this topic,5,35 it
appears important to gather further relevant infor-
mation that can feed into the continued discussion
and address topics, such as the variability of gait
asymmetry measurements and its sources,21,36 the
agreement with expert decision making,37 in gen-
eral, and for various applications and disciplines,
and contemplating to what extent incorporating fur-
ther measurements into the decision making process
could be useful.38

10. More Than Head Nod and Hip Hike?

An example of a recent advancement is the (re-)
incorporation of withers movement into the mea-
surement process.39 First investigated many years
ago,14,40 a recent study in horses with induced lame-
ness has shown the potential benefit of making use
of withers movement asymmetry when differentiat-
ing between a “true” head nod shown in a forelimb
lame horse and a “compensatory” head nod in reac-
tion to a hindlimb lameness.39 The different pat-
terns of head-and-withers movement have been
described in horses with naturally occurring gait
asymmetries41 and also in horses presented to vet-
erinary specialist centers for lameness investiga-
tions (Persson unpublished).a

11. Future Trends?

Further miniaturization of sensor and wireless tech-
nology combined with improvements in wireless
data transmission and data storage capacity as well
as availability of cheaper sensor technology driven
by ubiquitous usage in smartphones, intelligent fit-
ness, and home management-related products will
likely lead to further development of the field of
equine movement asymmetry assessment. De-
creased costs will make technology available to
many more people in the equestrian field. The pos-
sibility to synchronize many sensors with little effort
and transmit or log data will lead to tools that can
measure additional anatomical areas of the
horse.38 Increasing the use of artificial intelligence
will lead to many more tools combining different
sensors.
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1. Introduction

Farrier science has long been appreciated for its
effectiveness against differing equine lamenesses.
Basic biomechanical principles have been noted
throughout published literature since the beginning
of farrier practice.1 As farrier ideals and concepts
have matured, a hoof care provider’s approach to the
application of therapeutic shoeing may also need to
be reviewed to enable a more progressive approach

to equine foot care.
While there may be a correlation between aesthet-

ically pleasing workmanship and functional shoe-
ing, sometimes practitioners have to look further
into the foot when lameness enters the equation.
Basic shoeing principles may fall short when pathol-
ogy is cited in the distal limb. In many cases, at-
tention to the smallest of details can mean the
difference between success or failure for the equine
athlete and for the farrier.

While the mature equine skeleton offers a robust,
bony structure, the hoof capsule can adapt in vari-
ous ways to accommodate loading pressure due to its
structure and pliability. The structural integrity of
the capsule can be altered by weight, conformation,
moisture, and the horse’s adaptation to pathology.2

Therefore, a practitioner must consider the effec-

tiveness and sustainability of the shoeing principles
that are being employed during the shoeing process.

Managing diagnosed pathology with the integra-
tion of therapeutic shoeing can be effective, but also
have a sense of fluidity. When dealing with equine
pain, the lameness level can fluctuate in both a
positive and negative direction over time. This can
be due to the progressive nature of certain lame-
nesses or successful rehabilitation.

To offer the horse the best possible prognosis, it
can be beneficial for both the farrier and veterinar-
ian to meet to discuss cases. Gaining detailed
information about each other’s perspective can en-
able a rehabilitation roadmap to incorporate the
right components of both professions. Therapeu-
tic shoeing can easily be contradictory if opposing
hoof distortions, topical diseases, and pathologies
are present. Therefore, the use of diagnostic im-
aging to appreciate the affected structures, cou-
pled with a thorough examination of the hoof
capsule, can be the most streamlined approach to
implementing a well-thought-out shoeing pre-
scription. Both practitioners should be aware of
the capsule’s ability to respond to changes that
accompany differing therapeutic shoeing modali-
ties. Appreciation of this can be experienced in
the clinical lameness level changing, or visualized
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in the hoof capsule’s response to loading forces and
hoof capsule adaptations.

2. Static Assessment

Static evaluation is an invaluable tool in assessing
limb and hoof capsule abnormalities. The author
typically starts static evaluation of the horse dis-
cussing the performance issues with the rider,
owner, or trainer. Performance notes from the
rider can be beneficial to the hoof care provider.
Within this conversation, dialogue regarding train-
ing tendencies and/or difficulties can be discussed in
relation to shoe modifications to offer support or
enhancement of movement.

Static evaluation can also include interpretation
of imaging, historical shoeing, hoof quality, and
functionality.

3. Hoof Function

Hoof capsule landmarks have been noted in the lit-
erature to reference the center of rotation,3 and the
apex of the coffin bone. These reference points can
be used to assess balance and locomotive function.

The hoof capsule can also be assessed in terms of
robustness, correctness, and its ability to rejuvenate
horn in an even and balanced manner.

While the concept of hoof capsule balance is im-
portant in terms of locomotion efficiency, the hoof
capsule’s fundamental role of protection and dissi-
pating large amounts of energy must be considered
to encourage healthy horn rejuvenation. Ensuring
the internal structures of the hoof are correctly stim-
ulated and supported can be considered a primary
principle of hoof care practice.

A variety of hoof balance principles are often as-
sessed in a stationary position. The author regu-
larly finds that high-level sport horses often fail to
meet these expectations and prefers to trim and
shoe the horse based around balance principles that
involve dynamic movement. Shoe placement,
when based around the center of rotation, can offer
a reliable means of limiting stress on the limb dur-
ing locomotion.4 Once the foot is balanced in an
anterior/posterior plane, the shoe can then be as-
sessed into individual quadrants to assess shoe bal-
ance. Ideally, the shoe would offer even support
under the limb around the bordering margins of the
capsule. Shoe balance can offer the sport horse
greater limb stability under peak force loading dur-
ing locomotion (Fig. 1).

Due to the hoof capsule’s pliability under the body
weight of the horse during stance and locomotion,
the capsule can become distorted and therefore in-
efficient at dampening the vibrations caused
through locomotion if not corrected at regular inter-
vals. The hoof capsule has been well noted for
deformation in the heel region.5 Contracted, un-
derslung, and crushed heel structures are some of
the most common forms of heel region distortion.
External hoof capsule distortions can often impact
the structure, health, and function of the relative

underlying anatomical dermal layers. This dys-
function is often one of the first causes of concussion-
based lameness.5

The solar region of the hoof capsule is the primary
interface between the distal limb and the ground
surface.4 The neuro-sensory capabilities of the
hoof capsule are relayed to the horse’s brain by way
of the outer hoof wall. This sensory feature can
enable the horse to perceive ground undulations,
load, and pain.

Hoof mass is a key component of a structurally
functional capsule. The use of hoof testers can al-
low identification of sensitive areas across the cap-
sule’s solar surface, while also providing an
indication of hoof mass or density.

Without the use of diagnostic imaging to establish
baseline sole metrics, a practitioner can use hoof
testers to decipher hoof mass or density. Hooves
with high saturation levels or poor sole mass will
deform and create an unfavorable reaction almost
immediately against light hoof tester pressure.
In the author’s opinion, hooves that lack solid den-
sity often acquire dysfunctional capsule distortions
with more ease than their counterparts with well-
formed, functional foot quality.

The frog can be used to help identify hoof capsule
depth to assist basic balance guidelines.

The coffin bones solar elevation—the distance and
angulation from the terminal arch to the distal/dor-
sal border of the coffin bone—can be a reliable
means of assessing solar contour.6 To further elab-
orate, trimming the frog to the live apex, the solar
elevation of the capsule can be identified by measur-
ing the distance and angulation of the horny solar
surface (Fig. 2).

Fig. 1. Shoe balance can offer the sport horse greater limb

stability under peak force loading during locomotion.
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This landmark can be fundamental to restoring
function to the capsule. The author finds that once
the solar contour is identified, often there is no need
to remove any extra sole mass to otherwise gain
trimming landmarks (Fig. 3).

This can allow the farrier the opportunity to leave
more sole mass within the trim and gain further
integrity within the capsule.

The hoof capsule’s ability to perform can also be
influenced by the interaction with bacteria, fungus,
and environmental conditions. Hoof quality can be
negatively affected by keratinophilic infections and
alternating saturation levels. Neutralizing satura-
tion levels with topical treatments can be an effec-
tive means to avoiding not only hoof distortions but
infections that lay on the epidermal structures of the
capsule.2 Therefore, animal husbandry can posi-
tively impact a standardized shoeing prescription.

The assessment of skeletal conformational devia-
tions can play a significant role in understanding
the loading and enrollment patterns of each limb.

Conformational misalignments may be repre-
sented by way of hoof distortions or localized de-
crease in foot quality or minimized proliferation of
horn. The capsule’s response to loading pressure
can also be seen in wall separations, crushed heels,
and prolapsed frogs. Uneven dissipating force can
be responsible for some hoof capsule distortions.4

In the author’s experience, conformational mis-
alignments can also be represented internally by
asymmetric coffin bone architecture and this can be
viewed radiographically. This relationship is prob-
ably caused through uneven loading pressure over
the capsule, internal vascular compression, and the
coffin bone’s ability to demineralize and reabsorb
bone (Fig. 4).

To accurately define the severity of common limb
deviations, it can be beneficial for the practitioner to
align himself in front of the horse’s carpus during
the viewing process to ensure a standardized and
reliable means of observation. From this perspec-
tive, the practitioner can assess the relevance of the
horse’s age in relation to physis maturity or limb/
hoof capsule-loading expectations. Common limb
deviations can include offset, rotational, and axial
skeletal misalignments.

Conformationally, skeletal misalignments may re-
quire the hoof care provider to make adjustments to
the shoe to help ease the loading and/or enrollment
phase. This can be made possible by way of shoe
selection with differing break-over patterns or shoe
branch modifications.

4. Dynamic Assessment

Initial dynamic evaluation can be considered an ex-
tension of the static conformation assessment.
The author will watch the horse move in straight
lines on a hard surface that offers some reliable
traction for the horse. Observing the interaction of

Fig. 2. Trimming the frog to the live apex, the solar elevation of

the capsule can be identified by measuring the distance and

angulation of the horny solar surface.

Fig. 3. Once the solar contour is identified, often there is no need

to remove any extra sole mass to otherwise gain trimming

landmarks.

Fig. 4. Conformational misalignments can be represented inter-

nally by asymmetric coffin bone architecture which can be viewed

radiographically. This is probably caused through uneven load-

ing pressure over the capsule, internal vascular compression, and

the coffin bone’s ability to demineralize and reabsorb bone.
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the hoof capsule and initial ground contact during
locomotion can offer valuable information to the ex-
pectations of the limb in relation to medio-lateral
balance. Trying to view the final milliseconds of
the landing phase can offer the practitioner valuable
information on how the horse is landing in a medio-
lateral plane but also in an anterior/posterior
arrangement.

Breaking the evaluation into 2 segments may al-
low the practitioner a better observation of the
horse’s movement and potential lameness.

The thoracic limb is generally best observed when
the equine is trotting directly toward the assessor.
During this assessment, interference and landing
patterns of the front limbs can be noted. Lameness
may be represented in asymmetric gait abnormali-
ties, or the limb’s axial or abaxial changes in limb
landing and placement.

The pelvic limb is best assessed when the horse is
moving away. It is during this evaluation method
when hind-limb abnormalities are best represented.
Conformational implications can be viewed along
with lameness. Pelvic limb lameness, like other
lamenesses, can be subtle and multifaceted due to
the complex arrangement of the reciprocal appara-
tus. Viewing hip movement, or fetlock descent may
offer some initial insight to any potential affected
limb.

In addition to straight-line dynamic assessment,
viewing the horse on a lunge line can offer insight
into lamenesses that occur while the horse is per-
forming in a circular motion. It is also during this
phase of dynamic assessment that the horse may be
viewed transitioning through lead changes. Abnor-
malities to evaluate are reluctance to initiate leads
and dorso-cranial phases of stride.

To supplement dynamic evaluation, palpation of
the digital pulse, located at the fetlock, can offer
insight to potential inflammation. The horse’s abil-
ity to enhance blood flow to the digit can be a reliable
means of locating which limb is affected if inflam-
mation is present within the capsule.

5. The Application of Therapeutic Shoes

The sustainability of a shoeing prescription must be
taken into consideration when implementing any
shoeing concept. This aspect of therapeutic shoe-
ing can be one of the most challenging aspects of foot
care. Manipulation of the capsule can be detrimen-
tal to the hoof capsule’s structure, function, and
performance if the shoeing prescription challenges
the capsule’s structural integrity.

The center of pressure can have a significant im-
pact on the sustainability of a shoeing prescription.4

The center of pressure’s stationary landmark is typ-
ically 3/8 inch back from the apex of the frog, and
slightly axial in placement. The center of pressure
is also transient in nature when the horse is in
locomotion due to the changing body mass above.

While some shoe packages are well known for
their effectiveness against certain lamenesses, con-

sideration of the effect of the center of pressure
movement must be assessed in order to ensure the
shoeing prescription is sustainable.

The center of pressure can affect a shoeing pre-
scription in various ways. Pressure plate studies
have indicated that the center of pressure can be
manipulated through the use of graduated or wedge
shoes.7 While this aspect of hoof care can be appre-
ciated in terms of anterior or posterior elevation,
shoe modifications that alter the medio-lateral land-
ing patterns can also inherently manipulate the
center of pressure. Therefore, asymmetric shoe
patterns, when used in a deformable surface, may
affect the center of pressure movement.

Any shoeing prescription’s effectiveness can alter
when the capsule is elevated or suspended off the
ground for long periods without the recruitment of
other structures within the hoof capsule’s solar sur-
face.4 The capsule’s ability to resist the mechanical
redirection of pressure may need to be assessed on a
case-by-case, breed-by-breed basis. While some
horses will adapt to change well, others may, over
time, see a decline in overall foot health and quality.
Indications of negative effects of the center of pres-
sure shifts can include crushing of the heel struc-
ture, deforming wall quality, or induced medio-
lateral balance issues. Poor horn structure may
need to be put into a load-sharing capacity to reduce
the negative effects of center of pressure move-
ments. Incorporating the sole and frog into a load-
sharing capacity may help the hoof care provider to
implement therapeutic shoeing with less complica-
tions over longer durations.

When evaluating the sustainability of a shoeing
prescription or concept, one must consider the entire
shoeing period to offer a valid shoeing prescription.
Horses that perform in a deformable substrate may
experience the effects of asymmetric shoe shapes in
a greater capacity depending on the depth of footing.
In theory, while the asymmetrical shoe shape may
be transferring energy to opposing structures, it
may often also set up a passive anterior/posterior or
medio-lateral capsule imbalance.

In cases where shoe modifications are employed
for soft-tissue injury, in the author’s opinion, veter-
inary diagnostics are needed to assist the therapeu-
tic shoeing program. In cases of soft-tissue injury,
repeated imaging can offer insight as to when to
reduce or remove the therapeutic value of differing
asymmetric shoe shapes.

6. Surface Conditions

Track and arena surfaces can offer differing
amounts of shock and slide reduction. Arena sur-
faces can alter the slide phase of stride.8 While the
ideal amount of slide upon landing is not yet quan-
tified, the shoeing package must offer the necessary
amount of traction to allow rider safety and for the
horse to perform in a controlled manner. Shoe se-
lection can be fundamental in offering the correct
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amount of traction for the horse, rider, and
discipline.

The level of pathology and shoe selection may
need to be assessed in relation to the horse’s work-
load. While some therapeutic shoeing modalities
offer little traction but significant therapeutic value,
therapeutic sport horse shoeing can be one of the
more difficult shoeing modalities to navigate due to
the necessity of traction. Retaining effective trac-
tion in a shoeing prescription can be achieved by
ensuring concavity on the distal surface of the shoe-
ing package.4

Alternative methods of adding therapeutic value
to a shoeing can include the use of temporary orthot-
ics, bar shoes, or stabilizer pads that are welded or
riveted into place.

7. Summary

While historically the farrier’s role in foot care has
been widely accepted as a means of maintenance
and capsule protection, it can also be a valid and
effective means of lameness management.

New information in the form of force plate studies
coupled with revised biomechanical principles has
seen a near revolution in farriery in the past decade.
The review of these principles with attention to the
hoof capsule’s response to conformation, disease,
and pathology may be the most effective means of
veterinary and farrier response to lameness.

As an accompaniment to distal limb imaging and
sports medicine, therapeutic shoeing can be an ef-
fective means of addressing equine lameness, ensur-
ing that the shoeing prescription is detailed, is
essential to success.

For farriers, the detection of the smallest of de-
tails may contraindicate standardized approaches to

widely accepted equine foot care. This element of
farriery may be one of the defining aspects of the
craft. Therefore, the interpretation of the capsule’s
overall health, integrity, and conformation should
be taken into consideration when therapeutic cases
are presented or being reevaluated.
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1. Introduction

The purpose of this study was assess the efficacy and
safety of ciclesonide, administered via a novel
equine-specific non-pressurized inhalera, in horses
with severe equine asthma (sEA) under field
conditions.

2. Materials and Methods

This is a prospective, multicenter, placebo-
controlled, randomized, double-blinded study. Two-
hundred and twenty-four client-owned horses with
clinical signs of sEA were randomized (1:1 ratio) to
receive an inhaled ciclesonide (343 �g/actuation) so-
lution or placebo (0 �g/actuation) via the inhalera for
a total of 10 days, 8 actuations q12h for 5 days,
followed by 12 actuations q24h for 5 days. The
primary outcome was a success/failure analysis,
with treatment success defined as a �30% reduction

in weighted clinical score between day 0 and day
10 � 1. Additionally, owner-perceived improve-
ments in Quality of Life (QOL) were assessed at
days 5 � 1 and 10 � 1.

3. Results

At day 10 � 1, the treatment success rate was sig-
nificantly (P � 0.0001) greater in ciclesonide-treated
horses (73.4% [80/109]) than in the placebo group
(43.2% [48/111]). At day 5 � 1 and day 10 � 1,
improvement in QOL was significantly greater (P �

0.0001 and P � 0.0001, respectively) in the
ciclesonide-treated horses (60.2% and 69.3%, respec-
tively) than in the placebo group (32.7% and 43.4%,
respectively). The overall number of adverse
events (AEs) was low, with no serious AEs, and was
equally distributed between the groups.
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4. Discussion

Despite the markedly superior clinical efficacy of
ciclesonide relative to the placebo, a “placebo effect”
was identified, which likely contributed in part
to the clinical improvement observed in the
ciclesonide-treated group. Ciclesonide inhalation
solution administered by the inhalera was well tol-
erated and effective at reducing clinical signs and
improving QOL in severely asthmatic horses.
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1. Introduction

This study was to evaluate the bronchoalveolar la-
vage (BAL) fluid cytological results of barrel racing
horses with exercise-induced pulmonary hemor-
rhage (EIPH), asthma, or both.

2. Materials and Methods

A retrospective study was conducted of 95 horses
diagnosed with noninfectious respiratory disease
and BAL results at a private practice in Texas.

3. Results

EIPH only was diagnosed in 28/95 (30%) BAL sam-
ples, asthma only was diagnosed in 25/95 (26%) BAL
samples, and EIPH and asthma was diagnosed in
42/95 (44%) BAL samples. A history of EIPH was
not predictive of a diagnosis of EIPH or asthma.
Of the BAL results consistent with asthma only, the
primary elevated cell type was mast cell; followed by
samples with both elevated eosinophils and mast

cells. No cytological differences in frequency of el-
evated inflammatory cell types were found between
horses diagnosed with EIPH and those without a
diagnosis of EIPH.

4. Discussion

The study showed a substantial percentage (44%) of
the horses examined had evidence of both EIPH and
asthma on BAL cytologic evaluation. Comorbidi-
ties of EIPH and asthma is a common diagnosis in
barrel racing horses in this study.
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1. Introduction

The authors were unaware of studies examining envi-
ronmental exposures, neonatal dysphagia and athlet-
icism. Foals born on the affected Pennsylvania (PA)
farm and an unaffected New York (NY) farm owned by
the same proprietor were evaluated. Dams either
spent their entire 11-month gestation on one farm or
moved to the other farm in late gestation.

2. Materials and Methods

A comprehensive investigation of equine physiological
parameters and environmental chemical exposures
(2014–2016), and racing performance of foals born
(2012–2017) on the PA and NY farms was performed.

3. Results

Seventeen of 65 foals born (2014–2016) were
dysphagic; all on the PA farm. Odds of dysphagia

increased with the dam residing on the PA farm for
each additional month of gestation. Colts were
more likely to be dysphagic. Prior to installation of
a water filtration system, PA water concentrations
of 3,6-dimethylphenanthrene, fluoranthene, pyrene,
and triphenylene exceeded those in NY. On the PA
farm, 13/24 normal and 13/18 dysphagic foals raced;
47/67 normal NY foals raced. There were no differ-
ences in the percentage to race, or earnings per
start or speed indices between dysphagic and nor-
mal foals.

4. Discussion

Evidence showed an increased prevalence of dyspha-
gia in foals born near unconventional natural gas
development, which did not impact subsequent rac-
ing performance.
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1. Introduction

Thyrotropin-releasing hormone (TRH) stimulation
of adrenocorticotropic hormone (ACTH) has become
a common method for diagnosis of pituitary pars
intermedia dysfunction (PPID).1 When testing for
PPID, factors to consider include repeatability of
testing during the year,2 time requirements for cen-
trifugation after blood collection,3 effects of stress on
basal ACTH concentrations, the duration of efficacy
of thawed TRH after it has been frozen for storage,
and the stability of ACTH concentration after freez-
ing. All of these factors potentially may affect test
results and were investigated to aid practitioners to
obtain consistent reliable results when testing for
PPID in horses.

2. Duration of Effectiveness of Frozen/Thawed TRH

to Stimulate ACTH Release in Horses

Introduction

Many equine practitioners freeze single doses of
TRH following removal of a single dose from a mul-
tidose vial. Typically, prior to use, the TRH is
thawed and taken to the farm to be used when

testing a potential PPID horse. If the horse owner
declines testing, the veterinarian has TRH that has
been frozen and thawed. Anecdotally, TRH can
only be frozen and thawed once for an optimum
and consistent response. The potency and stability
over time of TRH after one freeze/thaw cycle is un-
known. This study was designed to determine the
duration of effectiveness of TRH in horses following
one freeze/thaw cycle when stored at 5°C over time.

Materials and Methods

The TRH stimulation test used in each of these
studies was conducted as follows: blood was col-
lected into a purple top tubea for basal ACTH (T0-
ACTH) followed by IV administration of 1 mg TRHb

(1 mL). Blood was then collected exactly 10 min-
utes post-TRH administration (T10-ACTH). Blood
samples were centrifuged and plasma was frozen at
�80°C until ACTH analysis using a chemilumines-
cent immunoassay at the Animal Health Diagnostic
Laboratory, Cornell University, Ithaca, NY. Deter-
mination of positive, negative, and equivocal status
for PPID was according to the 2019 Equine Endocri-
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nology Group recommendations for the diagnosis
and treatment of PPID.

Ten horses (PPID� and PPID�) were enrolled,
mean age, 18.8 years (range, 12–25 years). Horses
were first paired by PPID status and randomized
into 2 groups of 5 horses (each group contained 4
PPID� and 1 PPID�). Thirty 1-mg/mL doses of
constituted TRH were frozen (�20°C) 28 days prior
to testing. Fourteen days prior to testing, ten doses
of TRH were thawed and kept at 5°C until admin-
istration. The remaining 20 doses of TRH were
thawed on the first day of testing (Day 0) and stored
at 5°C until administration. On Day 0, all horses
were TRH stimulation tested using TRH thawed
same day. The TRH stimulation procedure was re-
peated post-thaw on Days 14, 28, 42, and 56. In
order to avoid potential carryover effects of multiple
TRH stimulation procedures administered every 2
weeks, horses in Group 1 had the TRH stimulation
repeated on Days 14 and 42 (post-thaw TRH),
whereas Group 2 horses had the TRH stimulation
repeated on Days 28 and 56 (post-thaw TRH). All
T10-ACTH samples were centrifuged following col-
lection and plasma frozen (�80°C) until analysis at
Cornell Animal Health Diagnostic Center. Data
were analyzed using a mixed model with repeated
measures to compare T10-ACTH and the percent
increase (T0-ACTH to T10-ACTH) of ACTH after
TRH stimulation, using horse as the subject and
day as the repeated effect. Pearson’s correlation
coefficients were used to examine relationships, and
Bland-Altman plots were constructed to compare
T10-ACTH on Days 14, 28, 42, and 56 to the T10-
ACTH on Day 0.

Results

There was no effect of Group (P � .25), so when
appropriate, data were combined for analysis. There
was no effect of day post-thaw on T10-ACTH (P �

.13) or the percent increase of T0-ACTH to T10-
ACTH after TRH stimulation (P � .36). Pearson’s
correlation coefficients indicated strong relation-
ships between T10-ACTH on day 0 and all other
days (R � 0.98, P � .001). Bland-Altman plots
indicated an average day bias of 9.4 pg/mL in all
horses compared to day 0, with 95% limits of agree-
ment at �38.8 to 57.4 pg/mL.

Discussion

In this study, the TRH stimulation procedure pro-
duced repeatable ACTH concentrations in samples
collected 10 minutes after administration of TRH in
horses when using TRH that had been frozen,
thawed, and stored at 5°C for up to 56 days.

3. The Effect of Trailering and Dentistry on Resting

Adrenocorticotropic Hormone Concentration in Horses

Introduction

Several studies have concluded that pain, stress,
and concurrent illness were only likely to affect di-

agnostic usefulness of resting ACTH when severe.4

The objective of this study was to identify whether
trailering or teeth floating (common stressful situa-
tions/procedures) increase plasma ACTH levels in
horses that might interfere with testing for PPID.

Materials and Methods

Twelve PPID-negative horses were randomized into
3 groups of 4 horses per group. Each group was
randomly assigned to an initial treatment: den-
tistry (DN), trailered (TR), or stabled controls (CN).
Following initial treatment, each horse group was
randomly assigned to each of the two remaining
treatment groups; thereby, each horse group under-
went all three treatments. Plasma was collected
from all horses prior to each treatment and used as
the baseline basal ACTH. The DN horses were
placed in stocks, sedated with 0.1 to 0.3 mg/lb xyla-
zine IV, and following mouth speculum placement,
teeth were floatedc. The TR group was loaded on a
6-horse slant trailer and hauled for 40 minutes.
Immediately following the dental procedure and
trailer ride, post-procedure (P0) plasma samples
were collected. Plasma samples were then col-
lected from all horses at 15, 30, 60, and 120 minutes
post-procedure. Plasma P0 samples from the CN
horses were taken when the TR horses returned.
Plasma samples were frozen (�80°C) until analysis
at Cornell Animal Health Diagnostic Center. Data
were confirmed for normality using the Shapiro-
Wilk statistic, and then analyzed using a mixed
model with repeated measures (i.e., each horse as its
own control), with main effects of treatment (CN,
DN, TR) and time, and day � time as the repeated
effect. Statistical significance was designated at
P � .05. Data were summarized as mean 	 SE.

Results

No change occurred in ACTH over time in the CN
or DN horses (P � .14). ACTH was higher in TR
compared to CN (P � .026) and DN (P � .016)
horses. In TR horses, ACTH was higher than base-
line (PRE) immediately after trailering (T0; P �

.0003). By 30 minutes post-trailering, as a group,
there were no differences in mean basal ACTH com-
pared to PRE concentrations (P � .55). One horse
in the study maintained elevated ACTH concentra-
tions until the 120-minute time point.

No significant difference in resting ACTH concen-
trations over time was observed in horses undergo-
ing dentistry procedures compared to baseline.
A 40-minute trailer ride resulted in significantly
increased basal ACTH concentrations in horses up
to 30 minutes post-unloading.

Discussion

In these horses, collecting blood within 30 minutes
(in all horses) and up to 120 minutes (in one horse)
after trailering resulted in elevated resting ACTH
concentrations that could interfere with PPID test-
ing. Based on results of this study, blood should
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not be collected for resting ACTH concentration de-
termination for at least 30 minutes after trailering.

4. TRH Repeatability in PPID-Negative and

PPID-Positive Horses

Introduction

Even though TRH stimulation of ACTH has been
used as a diagnostic test for equine PPID, it is un-
known whether the T10-ACTH response to TRH is
repeatable in individual horses. The purpose of
this study was to conduct TRH stimulation tests at
4-week intervals, beginning in February and ending
in June, in horses with and without PPID to deter-
mine the repeatability of the T10-ACTH, over time.

Materials and Methods

Twelve horses, 5 PPID positive (PPID�), 5 PPID
negative (PPID–), and 2 PPID equivocal with a mean
age of 18.8 years (range, 12 to 25 years) were en-
rolled. Basal ACTH concentration from blood col-
lected in January was used to identify PPID status
of each horse. The TRH stimulation procedure was
performed on day 0 (February 13) and repeated on
Days 28, 56, 84, and 112. The subsequent samples
were compared to the T10-ACTH samples collected
on Day 0. Data were confirmed for normality using
the Shapiro-Wilk statistic, and then analyzed using
a mixed model with repeated measures to compare
T10-ACTH and the percent increase of ACTH after
TRH stimulation, using horse as the subject and day
as the repeated effect. Pearson’s correlation coeffi-
cients were used to examine relationships between
T10-ACTH on days 28, 56, 84, and 112 to T10-ACTH
on day 0. Bland-Altman plots were constructed to
compare T10-ACTH on Days 28, 56, 84, and 112 to
the T10-ACTH on Day 0.

Results

The mean basal ACTH in PPID– horses was 17.6 	

0.7 pg/mL and 61.4 	 9.2 pg/mL (T10-ACTH), with a
349 	 41% increase in T10-ACTH after TRH stim-
ulation. The mean basal ACTH in PPID� horses
was 43.5 	 3.6 pg/mL (basal) and 410 	 58 pg/mL
(T10-ACTH), with a 948 	 194% increase in T10-
ACTH after TRH stimulation. Repeated measures
analysis indicated no effect of day on T10-ACTH
(P � .40), or the percent increase of T10-ACTH after
TRH stimulation (P � .12). Pearson’s correlation
coefficients indicated strong relationships between
T10-ACTH on Day 0 and all other days (R � 0.70,
P � .01). Bland-Altman plots indicated an average
day bias of 27 pg/mL in all horses compared to day 0,
with a day bias of 10 pg/mL in PPID– (with 95%
limits of agreement at �101 to 122 pg/mL) and 43
pg/mL in PPID� (with 95% limits of agreement at
�493 to 581 pg/mL) horses. The Immulite intra-
assay CV was 9.3%, which accounts for most of the
observed day bias.

Discussion

The TRH stimulation procedure produced repeat-
able ACTH concentrations in samples collected 10
minutes after administration of TRH in horses col-
lected at 4-week intervals over 112 days from Feb-
ruary through June. Observed variation of T10
ACTH over the duration of the study resulted in 2/5
PPID negative horses classified as positive, once and
twice, respectively. Additionally, the T10 ACTH
in 1/5 PPID positive horses tested equivocal at one
time point. The results of this study stress the
importance of using the combination of owner his-
tory, clinical signs, and laboratory data when deter-
mining the proper diagnosis of PPID.

5. Effect of Delayed Plasma Centrifugation on Equine

ACTH Concentration

Introduction

If stored at room temperature (21°C), ACTH level
in blood decreased soon after collection.6 Multiple
recommendations exist for the timing of centrifuga-
tion of chilled samples from sample collection. In
the United States, a discordance exists between lab-
oratory recommendations concerning centrifugation
time from sample collection. Realistically, many
equine ambulatory practitioners do not have the
ability to centrifuge the sample within 2 to 4 hours.
This study was conducted in order to determine the
length of time whole blood can be stored refrigerated
prior to centrifugation and maintain accurate ACTH
concentration.

Materials and Methods

On day 0, 5 mL of whole blood from each of 10 horse
(Five PPID positive and 5 PPID negative) was col-
lected into each of 6 ethylenediaminetetraacetic acid
(EDTA) tubes and immediately placed in a refriger-
ator at 7°C. One tube from each horse was centri-
fuged within 15 minutes of collection, followed by
centrifugation of one tube from each horse at 4, 8,
12, 24, and 36 hours following collection. At each
time, centrifuged plasma was pipetted into 1.5 mL
polypropylene tubes and stored at –80°C. None of
the plasma samples were turbid, hemolyzed, or ic-
teric. Plasma was shipped frozen with cold packs
overnight to the Animal Health Diagnostic Center of
Cornell University in Ithaca, NY for analysis.
The percent change from baseline (PCFB) was re-
ported to standardize the data given that baseline
values differed.

Results

The absolute changes over time revealed no pattern
of variation. The mean PCFB was 2.8% 	 7.96%
(95% CI,: –2.9%, 7.0%). There was no evidence of
significant time effect from the repeated measures
model with a P-value of .5056. There was no evi-
dence of significant time effect on the level of ACTH
in PPID positive or PPID negative horses. Three of
10 enrolled horses exhibited variation in ACTH
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concentration at 1 time point that changed the
diagnostic interpretation of PPID status from PPID
negative to equivocal, PPID positive to equivocal
and PPID negative to equivocal, respectively. In 2
of the 3 horses, the variation was less than the
intra-assay variability (9.3%) whereas the ACTH
was increased 16.7% in the third horse.

Discussion

This work demonstrated that refrigeration (4°C) of
whole blood for up to 36 hours prior to centrifuga-
tion and freezing did not significantly affect plasma
ACTH concentrations. Laboratory diagnostic re-
sults alone should not be utilized to classify a horse
as PPID positive or negative. The history and clin-
ical signs in conjunction with laboratory diagnostic
results should always be utilized for the diagnosis of
PPID.

6. Effect of Various Freezing Protocols on ACTH

Plasma Concentration

Introduction

ACTH has been reportedly understood to be fragile
in whole blood samples and is affected by heat and
time spent on erythrocytes prior to centrifugation.7,8

Equine ACTH has been shown to be stable without
centrifugation for up to 8 hours stored at 21°C or
4°C6 and was stable in plasma stored at �20°C and
�80°C for 30 days.6 If plasma samples cannot be
shipped the day of collection to the respective labo-
ratory, plasma should be frozen until shipment.
It is imperative for the veterinarians to understand
if freezing plasma has any negative effects on the
stability of equine basal ACTH concentration. The
objective of the study was to determine the stability
of ACTH in plasma after freezing for different
lengths of time prior to determination of basal
ACTH concentration.

Materials and Methods

Twelve horses (5 mares, 6 geldings, and 1 stallion)
ranging in age from 14 to 29 years from the Middle
Tennessee State University herd were screened for
ACTH in May with levels found to range from 12.4
pg/mL to 62.0 pg/mL (10 horses � 30 pg/mL � neg-
ative, �2 horses 50 pg/mL � positive). In Septem-
ber, 1.0 mg of TRHa suspended in 1 mL of saline was
administered intravenously to the same 12 horses.
Ten minutes later, blood samples were collected in
EDTA tubes and refrigerated at 5°C until centri-
fuged at 1000�g for 10 minutes within 2 hours of
collection. Plasma was stored in microcentrifuge
tubes and frozen for variable lengths of time and
conditions. Basal ACTH concentrations were mea-
sured at day 0. Plasma samples were stored at
�80°C for 3, 7, 30, 60, and 90 days, or stored at
�20°C for 3, 7, 30, and 60 days, or stored between ice
packs in a freezer to mitigate fluctuation of temper-
ature due to opening and closing of the freezer door
at �20°C for 3 and 7 days prior to determination of

basal ACTH concentration. Plasma was shipped
frozen with cold packs overnight to the Animal
Health Diagnostic Center, Cornell University, Ithaca,
NY. Samples were batch analyzed for plasma
ACTH concentration determined by chemilumines-
cent immunoassay previously validated for horses.
ACTH concentrations were compared to baseline
(non-frozen day 0 plasma) for each storage method
using a mixed model with repeated measures in
which each horse served as its own control and day
was the repeated effect. Statistical significance
was set at P � .05.

Results

Mean basal ACTH concentration on day 0 for
plasma stored at �80°C was 392.2 pg/mL that de-
clined 6.9% to a low of 365.0 pg/mL by day 90 (P �

.047). Through day 60, the PCFB never varied
more than 2% and was not different (P � .62) from
day 0. On day 90, the PCFB was �6.9% and dif-
ferent from baseline (P � .030). Across the 90-day
storage, overall degradation was observed (P �

.034).
Mean basal ACTH concentration on day 0 for

plasma stored at �20°C was 392.2 pg/mL that de-
clined 5.3% to 371.4 pg/mL by day 60. The ACTH
concentrations at day 0 and day 60 were not differ-
ent (P � .18). The PCFB was lower by day 60 (P �

.035). Across the 60-day storage, degradation was
observed at �20°C (P � .004).

Mean basal ACTH concentration at day 0 for
plasma stored between ice packs at �20°C was
392.2 pg/mL that declined 1.1% to 387.9 pg/mL by
day 7. No degradation of basal ACTH was observed
by day 7 in either the ACTH concentrations (P � .36)
or the PCFB (P � .24).

Discussion

In a practice situation, it is unlikely that samples
would be held for more than just a few days. This
work shows that keeping frozen plasma stored in
an ordinary household refrigerator freezer without
keeping it between ice packs to reduce temperature
fluctuation is sufficient to preserve testing reliabil-
ity. For research or epidemiologic purposes, it
should be considered that after 60 days ACTH levels
declined when stored at �80°C.

7. Conclusions

TRH that has been frozen and thawed (once) was
effective for at least 56 days when TRH was kept
refrigerated after thawing. Trailering horses for 40
minutes increased basal ACTH for at least 30 min-
utes (and up to 120 minutes in one horse) post traile-
ring. Results of T10 ACTH from TRH stimulation
testing was repeatable from January through early
June in the United States (Latitude 35° 50
 44”
North). Basal ACTH concentration determination
is reliable from whole blood that has been refriger-
ated for up to 36 hours prior to centrifugation.
Plasma samples for ACTH determination can be
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frozen in a refrigerator freezer at �20°C, for up to
30 days or up to 60 days at �80°C with no decrease
in ACTH concentration.
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Review: Optimizing the Efficacy of Oral Omeprazole
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Oral omeprazole is the cornerstone of equine gastric ulcer syndrome treatment. To optimize its efficacy,

it should be administered after a brief, overnight starvation period with the horse fed a roughage-based

meal 60 to 90 minutes later. To reduce the impact of drug-drug interactions, any concurrent medications

should be administered at the time of feeding. Author’s addresses: Equine Clinic, Massey University,

Palmerston North 4474, New Zealand; Veterinary Postgraduate Unit, University of Liverpool, Neston L69

3BX, United Kingdom; e-mail: b.sykes@massey.ac.nz. © 2020 AAEP.

1. Introduction

Acid-suppressive therapy is the cornerstone for
treatment of equine gastric ulcer syndrome.1

The efficacy of oral formulations for the treatment
of equine squamous gastric disease is well docu-
mented,2– 4 although it has been demonstrated
that monotherapy with oral omeprazole is less
efficacious for the treatment of equine glandular
gastric disease (EGGD).5–7 However, a recent
study with a long-acting, injectable formulation of
omeprazole reported high healing rates for EGGD
with acid suppression alone.8 This reinforces the
need to optimize the efficacy of oral omeprazole for
the treatment of both equine squamous gastric
disease and EGGD. However, despite its wide-
spread use, until recently little attention has been
given to the factors that affect efficacy of oral
omeprazole. The purpose of this article is to dis-
cuss these factors with specific focus on the role
that diet, feeding, and administration of concur-
rent medications play. The review is based on
the published, peer-reviewed literature.

2. Materials and Methods

Feeding has significant impact on both the bioavail-
ability and acid-suppressive capacity of oral omepra-

zole. When compared with administration on an
empty stomach, the feeding of ad-libitum hay re-
duces the bioavailability of oral omeprazole by 50%
to 66%.9–11 This decreased bioavailability is re-
flected in a decreased acid-suppressive capacity such
that the average percentage of time each day that
the pH exceeds 4 within the ventral stomach was
less than 40% in one study, even at a dose of 4 mg/kg
PO q24h.12 Although the benchmark for healing in
horses is not known, in humans the percentage time
that pH should exceed 3 or 4 is 66% for glandular
and squamous disease, respectively,13 meaning that
the average effect achieved under ad-libitum feed-
ing conditions in horses is likely to be subtherapeu-
tic in many animals. Further, in the group
receiving ad-libitum hay, minimal, if any acid sup-
pression was observed over a 5-day period in 3/6
animals at the same dose.12

The timing of feeding is also important in maxi-
mizing oral omeprazole’s efficacy. Horses are con-
sidered constant acid secretors, but there is a
significant prandial component to the pattern of gas-
trin release.14 Proton pump inhibitors are pro-
drugs that require the parietal cell to be activated
for the prodrug to be converted to its active form,
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and thus to inhibit acid secretion. Coinciding the
timing of feeding, and as such peak gastrin concen-
tration, with peak plasma drug concentrations is
expected to maximize the number of proton pumps
inhibited with any given dose. Maximal serum
concentration occurs at around 45 to 90 min-
utes10,11,15,16 and it is important that feeding occurs
within this period.

Lastly, the type of meal may be important. Gas-
tric distention plays a role in gastrin release with
larger amounts of gastrin released more rapidly in
response to voluminous, roughage-based meals
when compared with smaller grain meals.14

3. Results

Combining the effects of overnight fasting, the tim-
ing of feeding, and the type of feed given, the author
recommends the following approach to optimizing
the efficacy of oral omeprazole:17

● Withhold feed from 10:00 pm the evening be-
fore (or limit evening feeding such that the
evening meal is consumed by 10:00 pm).

● Administer omeprazole orally at 6:00 to 7:00
am.

● Feed 60 to 90 minutes later. The feed at this
time should consist of 1 to 2 large flakes of
alfalfa hay or a highly palatable roughage sub-
stitute, followed by concentrate feeding (if
necessary).

The impact of concurrent administration of other
medications should also be considered. In other
species, sucralfate has been shown to decrease the
bioavailability of omeprazole. As such, sucralfate
should not be given at the same time as omeprazole.
Instead, the timing of its administration should be
alongside the morning and evening feed-
ing. Lastly, other acid suppressive drugs such as
ranitidine (and other H2-receptor antagonists), or
misoprostol (a parietal cell PGE2-receptor agonist),
should not be administered concurrently as they
reduce activation of the proton pump and, in turn,
decrease the rate of conversion of the omeprazole
prodrug to its active form. If drugs such as miso-
prostol are going to be administered concurrently,
then timing should be offset similarly to the admin-
istration of sucralfate.

4. Discussion

The technique described above is relatively easily
implemented in many stables where horses are nor-
mally stalled overnight. The main drawback of the
approach is the negative perception of owners of
having the horse off feed overnight, particularly be-
cause the ad-libitum provision of feed has been con-
sidered a cornerstone of equine gastric ulcer
syndrome prevention for many years. However,
the author views this approach as one that rein-
forces the natural behavioral tendency for horses to
fast overnight,18,19 and one that simply ensures that

drug administration occurs prior to the horse eating
in the morning. It is also important to consider
that, although the horse is not eating for 8 to 10
hours overnight, the stomach is only empty for a
relatively short part of this period. Importantly,
the advantage of the above approach is to maximize
absorption and efficacy of oral omeprazole, which in
turn is expected to optimize its efficacy.

5. Conclusion

The enforcement of small management changes dur-
ing the treatment period with oral omeprazole can
result in significantly longer durations of intra-day
acid suppression, and in turn optimize the efficacy of
oral omeprazole. Further, an awareness of the po-
tential for drug-drug interactions can also optimize
the likelihood of a positive therapeutic outcome.
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1. Introduction

Urolithiasis of the bladder and kidneys is well de-
scribed. Ureterolithiasis has been infrequently
reported.

2. Materials and Methods

Medical records of horses that underwent transcu-
taneous (renal) and transrectal (ureteral/bladder)
ultrasound from 2002–2019 were reviewed. Horses
with ureteral calculi were included.

3. Results

Ureteroliths were identified in 15 horses, including
10 geldings, 1 stallion, and 4 mares, ranging from
4–35 years old (median, 20 years). Presenting
complaints included inappetence (n � 6), abnormal
urination (5), colic (4), pyrexia (3), weight loss (3),
lethargy (3), neurological signs (2), and laminitis (1).
Hematologic abnormalities primarily included neu-
trophilia (9) and hyperfibrinogenemia. (6) Blood

urea nitrogen and/or creatinine were elevated in
12/15 horses. Urethral stones were removed in 2
geldings prior to ultrasonography. Transrectal ul-
trasound detected ureteroliths in the proximal (5),
mid (8), or distal (3) portion of the right (8) or left (7)
ureter. One horse had 2 ipsilateral stones. All
horses showed significant renal abnormalities, in-
cluding nephrolithiasis (13). Cystoliths were iden-
tified in 3 horses. Six horses were euthanized.
Three horses underwent surgical removal via peri-
neal urethrostomy (2) or flank ureterotomy (1) and
were discharged despite major complications. In
another horse, spontaneous passage allowed cysto-
scopic removal. Five additional horses were dis-
charged without removal.

4. Conclusion

Horses with ureteroliths show variable presenting
complaints and were unlikely to be diagnosed prior
to referral. Transrectal and transcutaneous ultra-
sound were necessary to identify all ureteroliths,
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multifocal urolithiasis, and significant renal pathol-
ogy that accompanied most cases.
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1. Introduction

Transfusions in equine medicine are a relatively
rare occurrence when compared to their usage in
small animals or humans. The volume of blood
product required, availability, potential reactions,
and cost are all factors for their limited use. De-
spite these constraints, a transfusion can be a life-
saving procedure that can be accomplished in the
field with some forethought. While this topic has
been described previously, there are some new and
very important updates that must be considered
when deciding on donor horses. In addition, fur-
ther research has altered our understanding of
transfusion reactions and transfused red blood cell
survival times.

Goals of Transfusions

The goals of a blood product transfusion usually fall
within one of four categories in horses:

1. To improve oxygen delivery to tissues
2. To provide immunoglobulins
3. To provide oncotic support
4. To provide clotting factors

Some of most common reasons for a whole blood
transfusion are as follows:

Adult

● Hemorrhage
—External—trauma/laceration, guttural pouch
mycosis
—Internal—uterine artery rupture, post colic
surgery, splenic laceration, neoplasia

● Immune-mediated hemolytic anemia
● Red maple toxicity

Foal

● Neonatal isoerythrolysis
● Hemorrhage

—External—umbilical bleed, laceration
—Internal—fractured rib, internal organ
trauma

Triggers for Whole-Blood Transfusion Therapy

When deciding whether a patient requires a trans-
fusion, it is important to evaluate the entire patient
in addition to any laboratory data. It may be obvi-
ous in a patient with severe acute blood loss who is
showing signs of cardiovascular shock, but a patient
with a more chronic condition may be significantly
more difficult to assess. Assessment of heart rate,
respiratory rate, mucous membrane color, periph-
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eral perfusion, and degree of pain will assist in de-
termining the need for a whole-blood transfusion.1

In cases of anemia, there are many hematological
parameters that can be measured to help determine
the need for a transfusion including packed cell vol-
ume (PCV), total protein (TP), lactate, hemoglobin,
PvO2, and anion gap.1,2 It is important to remem-
ber that PCV and TP will not assist in determining
the need for a transfusion in acute blood loss as the
values will remain with reference range for up to 24
hours or until fluid therapy is commenced. Serial
monitoring of PCV and TP can provide valuable
information on the patient and thus in conjunction
with clinical appearance of the horse determine the
need for a transfusion. In many acute hemorrhage
cases, a decrease in TP will precede the drop in
PCV.2 Clinical signs are usually not seen in horses
with acute anemia until the PCV drops below 20%,
while chronic cases of anemia may not show signs
until the PCV is approximately 12%. Lactate con-
centration will rise with decreased oxygen deliv-
ery to tissues and values greater than 4 mmol/L
after crystalloid fluid resuscitation may indicate the
need for a transfusion assuming the horse does not
have any other conditions which could lead to hy-
perlactatemia (i.e., colic). Point of care lactate me-
ters are inexpensive (�$350) and easy to use,
thereby increasing the ability of many ambulatory
practitioners to use this stall-side test. A handheld
stall side analyzera can provide lactate, hemoglobin,
PvO2, Hct, and anion gap, although the device is cost
prohibitive to most non-referral practices. If stall-
side laboratory testing is not available, the practi-
tioner will need to rely on clinical signs of poor
oxygen delivery, specifically tachycardia, tachypnea,
and peripheral perfusion.

2. Materials and Methods

Whole-Blood Transfusion Supplies

● PCV/TP microhematocrit tubes
● Clippers
● Surgical scrub
● Alcohol or sterile saline
● 4 � 4 gauze
● 2% lidocaine neat
● 3-mL syringe
● 25-gauge needle

● Sterile gloves
● #15 scalpel blade
● 10- (or 12-) gauge 3-inch cathetersb (preferred,

or large gauge needle in blood collection kit)
● Catheter suture ties or tape/stapler
● White tape and/or self-adhesive elastic bandaged

● Empty cardboard tubes from self-adhesive
elastic bandage rolls

● Sterile dry blood collection bagsc

—3–4-L collection bags (adults)
—1-L collection bags (foals)
—Collection tubing size of 12 French (4 mm) or
15 French (5 mm)

● Acid-citrate-dextrose (ACD; anti-coagulant) or
other anti-coagulant
—Some collection bags come with ACD already
provided in the bag

● Blood filtration fluid administration setd

—Blood filter should be at least 40–200 micron
—Most sets are 15–20 drop/mL (with the ex-
ception of high flow sets)
—A new administration set is required for ev-
ery 3–4 L of blood administered

● Emergency Drugs (Table 1)
—Epinephrine 1:1000
—Dexamethasone 5 mg/mL or prednisolone
sodium succinate
—Hydroxyzine hydrochloride

Blood-Collection Procedure

1. Check to ensure donor PCV/TP is adequate for
donation and meets all donor guidelines (see
Results section).

2. Prepare collection bags with appropriate
amount of anticoagulant.
a. A 1:9 ratio is used (ACD:blood) this works

out to adding approximately 100 mL of
ACD to each 1-L bag or 400 mL to a 4-L bag.

b. Ensure that all the lines have been coated
with the anticoagulant also to prevent clots
from forming in the lines during collection.

3. The horse’s mane should be braided or taped
out of the way to ensure it will not contami-
nate your catheter site or your hands during
the procedure.

Table 1. Emergency Drugs for Allergic or Anaphylaxis Reactions During a Whole Blood Transfusion

Drug Dosage Route

Anti-inflammatories
Prednisolone sodium succinate 1 mg/kg IV
Dexamethasone 0.05–0.1 mg/kg IV or IM

Antihistamine
Hydroxyzine hydrochloride 0.5–1 mg/kg PO or IM

For severe allergic and anaphylaxis
Epinephrine 1:1000 5 mL/ 500 kg IV or IM
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4. Shave jugular groove with wide margins.
5. Perform a sterile skin preparation to the en-

tire shaved area.
6. Using a small amount of 2% lidocaine neat,

block the skin where the catheter is to be
inserted.

7. Using the #15 scalpel blade, perform a small
skin cut-down.
a. This will drastically improve your ability to

insert the large bore catheter by reducing
skin drag.

8. Perform another sterile skin preparation to
the entire shaved area.

9. Don sterile gloves.
10. Place the 10-gauge catheter into the jugular

vein aligning the catheter up the jugular
(pointing to the head).

11. With this large bore catheter, it is sometimes
easier to place the catheter all the way into the
vein with the stylet seated in the catheter
(instead of pushing the catheter off the stylet).
a. By placing the catheter opposite to normal

downward placement, gravity will assist in
flow and increase collection speed.

b. If blood flow is slow, the catheter should be
replaced as it may be against the side of the
vessel or on a blood valve. A normal 30-
minute blood collection may end up taking
hours if the flow is impeded.

12. Secure catheter to neck by suture ties or tape
(Fig. 1).

13. Aseptically, connect the catheter to the collec-
tion tubing and bag.

14. Hold off the jugular vein below the cathe-
ter. This must be continually held throughout
the collection.
a. A leftover cardboard roll from self-adhesive

bandage rolls can be placed in the jugular
grove and firmly taped to the neck with
white tape to occlude the jugular and re-
duce the need for personnel to maintain
occlusion.

15. Place the collection bag as low as possible to
allow gravity flow of blood and unclamp the col-
lection tube to start the collection (Fig. 2).

16. Gently rock the collection bag as blood is col-
lected to gently mix the anticoagulant and the
blood.
a. If mixed too vigorously, the red cells may be

damaged, and the quality of blood will be
markedly reduced.

17. Throughout the blood collection, donor mu-
cous membrane color, capillary refill time,
heart rate, respiratory rate, peripheral ex-
tremity temperature should be monitored.

18. Once the bag is filled (weighing the bag is the
most accurate method of determining the vol-
ume of blood in the bag), clamp the lines en-
suring that no air enters the bag.

19. A maximum of 20% of blood volume can be
collected at one time from a donor horse.
a. Example: Blood volume (body weight 500

kg � 8%) � 20% � 8 L.

Fig. 1. A secured 12-gauge 3-inch catheterb in the jugular vein
aligning the catheter up the jugular (pointing to the head).

Fig. 2. Using gravity to assist flow and gently rocking the col-
lection bag as blood is collected from the donor horse. The horse
can have access to a hay net or feed during the collection process.
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Additional Notes on Blood Collection

Blood transfusions should be treated as an aseptic
procedure and all materials should be handled
appropriately.

Having access to a hay net or feed during the
collection process can reduce boredom and improve
compliance. If necessary, light sedation can be
used. Administration of crystalloid fluids to the do-
nor is recommended if the maximum blood with-
drawal has been performed. Five to 10 L of
lactated Ringer’s solution is usually given when 8 to
10 L of blood have been collected. The fluids can be
administered through the collection catheter after
the procedure is completed or during the blood col-
lection through a second intravenous catheter.

Administration of Transfusions

Whole-Blood Volume

The volume of blood transfusion required can be
calculated using various formula; however, in most
cases it is impractical to collect and administer
more than 8 to 10 L at one time. The volume ad-
ministered should reflect the patient status and re-
sponse to the blood transfusion. If the patient is in
hypotensive shock, it is key to provide your patient
with resuscitation fluids to improve peripheral per-
fusion and cardiac output prior to commencing the
blood transfusion.2,3 It is also important to discuss
with the owner that administration of intravenous
fluids (either crystalloids, colloid, or whole blood)
will increase peripheral blood pressure and may in-
crease bleeding (thereby worsening the patient’s
condition); however, lack of fluid therapy will cause
hypoxemic damage to tissues and organs.

As a general guide, whole blood is administered at
a rate of 20 mL/kg. Usually 30% to 40% of the
blood deficit is corrected with a single transfusion.
If you like to do math, you can also calculate the
following:

The blood deficit can be determined using the
following formula:

Blood Deficit�
(desired PCV � current PCV)

desired PCV � 0.08 � body weight (kg)

Or you can use the following formula:

Litres of whole blood needed

�
Desired PCV � (recipient PCV � 0.08 � body weight (kg))

Donor PCV

Transfusion Rates of Administration

The rate of administration of a transfusion is best
described as “the rate that is best for your patient.”
If the patient is in hemodynamic shock and will die
without the immediate transfusion administration,
then administering the transfusion as fast as possi-
ble is the ideal rate in an emergency. If the patient
has been stabilized (even partially) then the admin-
istration should start slower to allow for time to
identify potential transfusion reactions. In most

cases, it will be very difficult to reach the upper
range of the administration rates as most available
blood administration sets have narrow bore tubing
and slow flow through the in-line filter. Do not
run a transfusion without the use of an in-line
blood filter as clots and fibrin from the blood prod-
uct can cause fatal outcomes (Fig. 3).

It is very important that the blood transfusion be
completed within 4 to 6 hours as the risk of bacterial
contamination of the product is much higher after
being left at room temperature for this amount of
time. Whole blood should not be administered cold
and proper warming (if refrigerated) needs to be
done very gradually to reduce damage to cells and/or
proteins in the product.

Whole-Blood Administration (Fig. 4)

● Start at 0.1 mL/kg over at least 10 to 15
minutes

● Start at 1 drop every 1 to 2 seconds in a 500-kg
horse with a 20 drop/mL administration set

● Gradually increase the rate over the next 20
minutes

● Continue at 10 to 20 mL/kg/hour until
completed

● Essentially a very fast drip in a foal or full
open administration in adults with a 20
drop/mL administration set

3. Results

Blood Donors

In the ideal situation, a blood donor horse will be
blood typed and identified as Aa, Ca, and Qa nega-

Fig. 3. Blood filtration and administration setd (15 drops/mL)
attached to a 4-L transfusion bagc of whole blood.
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tive (both antigens and antibodies). If this is not
possible, the donor should be a healthy male horse
with no history of previous blood product adminis-
tration (including whole blood, serum, plasma, anti-
toxins, etc.). Alternatively, a maiden mare can be
used with the same criteria. The donor horse
should be at least 450 kg, negative for equine infec-
tious anemia (EIA), equine viral arteritis (EVA),
be up to date on vaccinations and deworming and
have a PCV �35% and TP �69 g/L. Most Quarter
Horses, Standardbreds, and Morgans are negative
for Qa and Aa antigens, making them good donor
candidates.

Recent investigations into equine serum hepatitis
(Theiler’s disease) has identified equine parvovirus
and equine hepacivirus (Non Primate Hepacivirus)
as possible causes of the highly fatal condition.
It is therefore strongly recommended that all blood
donors are tested for viremia prior to blood collection
to reduce the risk of equine serum hepatitis in re-
cipients.4–6 While not possible in emergency situ-
ations, potential clinic donors should be screened
and a commercially available test for viruses asso-
ciated with equine serum hepatitis is now availablef.
When considering commercial blood products, the
center for veterinary biologics notice No. 19–03 in-
dicates that “All horses used as donor animals for
the manufacture of APHIS -regulated antibody, an-
titoxin, serum, and plasma products must test nega-
tive for the presence of equine parvovirus-hepatitis in
blood samples.”

Blood Typing and Cross Matching

Blood typing and cross matching are an important
part of ensuring safe transfusion; however, commer-
cial laboratory cross matching may take up to 24
hours and blood type results can take up to 3 weeks.
Currently, a commercial stall side major � minor
crossmatch gel column agglutination test is avail-
able for horses which can be completed in less than
20 minutesg. A recent study found fair agreement
that was blood type dependent, between this major
crossmatch test and reference standard methods in
horses.7 A second study used a modified canine
rapid gel assay which if commercialize may also be a
useful alternative test for stall side testing.8 A
stall-side blood type immunochromatographic strip
test is available for Ca blood typesh; however, the
more important Qa and Aa blood types strip tests
have yet to be released.9

In an emergency scenario, the delay of laboratory
test results is impractical, and most transfusions are
done without compatibility results. Fortunately,
most horses do not have pre-formed alloantibodies
(pre-existing antibiotics against red blood cell (RBC)
antigens).2 Mares who have given birth or horses
that have had previous transfusion of blood products
(including plasma) are at higher risk of a transfu-
sion reaction.

Blood typing and testing for alloantibodies is rec-
ommended for any potential clinic donors to identify
possible horses to be used in emergency situations.

Cross matching both major (recipient plasma to
donor RBC) and minor (donor plasma to recipient
RBC) is recommended if a blood transfusion is an-
ticipated. For example, in cases of ongoing hemor-
rhage, when a horse might require a second
transfusion, or if the horse has a planned surgical
procedure which may result in severe bleeding.
It is important that the laboratory cross match pro-
cedure identifies both hemolysis and agglutination
incompatibilities. A cross match is also recom-
mended if a horse requires repeated transfusions as
alloantibodies can be produced in horses in less than
7 days.10

4. Discussion

Monitoring

During a transfusion, the patient should be moni-
tored very closely for any signs of a transfusion
reaction. It is recommended to assess the patient
every 5 to 10 minutes for the first 30 minutes of the
transfusion then every 15 to 30 minutes until the
transfusion is completed. A monitoring form will
assist in identifying any trends in parameters and
is an important piece of the medical record. At
each assessment, the horse should have the heart
rate, respiratory rate, rectal temperature, mucous
membranes, and attitude recorded. Monitoring
should also assess for the presence of any skin
reactions (urticaria), agitation, tremors, or signs
of anaphylaxis.

Fig. 4. A horse receiving a blood transfusion. It is important
that the blood transfusion be completed within 4 to 6 hours to
reduce the risk of bacterial contamination of the blood product.
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Transfusion Reactions

In horses, plasma transfusion reactions have been
reported in 10% of foal transfusion cases and 0% to
10% of adult transfusion cases,11,12 whereas a rate of
16% of adult horses receiving whole blood had a
transfusion reaction with 3 of 44 transfusions being
life threatening or fatal.1 Transfusion reactions
can be categorized into hemolytic and non-hemolytic
reactions. Hemolytic reactions result in hemolysis
of RBCs and can be acute as a consequence of pre-
formed alloantibodies or delayed through rapid pro-
duction of antibodies. Unfortunately, there are no
specific treatments for hemolytic reactions only sup-
portive therapies, therefore, it is best to prevent
possible reactions through cross matching or blood
typing. Recently, it has been shown that trans-
fused red blood cells survive longer in circulation
(T1⁄2, 33.5 days) than previously thought and that
the incompatible cross matched transfusions have a
drastically decreased RBC survival in the donor
(T1⁄2, 4.7 days).13 Evidence of a hemolytic reaction
include signs of worsening cardiovascular shock
(tachycardia, tachypnea), fever, restlessness, hemo-
globinemia, hemoglobinuria, and worsening anemia
following the transfusion. The delayed immune-
mediated hemolysis may be seen up to 3 to 5 days
after transfusion.

Non-hemolytic reactions include volume overload,
bacterial contamination, microembolization, electro-
lyte imbalances, fever, allergic/anaphylaxis, and
Theiler’s disease (equine serum hepatitis). There
does not appear to be a specific protection from non-
hemolytic reactions in cross match compatible blood
transfusion in the literature.14

If signs of a transfusion reaction are noted, stop
the transfusion and perform a complete evaluation
of the horse. If the reaction is mild and there is no
sign of hemolysis or bacterial contamination of the
blood product (i.e., concerns over asepsis or time at
room temperature), the transfusion can be restarted
at a slow rate and the patient monitored closely as
the rate is once again gradually increased.

If allergic or anaphylaxis reactions are observed,
the transfusion should be stopped and the patient
may be treated with anti-inflammatories, antihista-
mines, or epinephrine depending on the severity of
the reaction (Table 1). The efficacy of anti-
histamines in horses is generally poor; however,
the author has had some success with hy-
droxyzine. Horses may become agitated after ad-
ministration of an anti-histamine, especially
diphenhydramine, and should thus be avoided in a
severely compromised patient. Again, with mild
reactions the transfusion may be restarted at a slow
rate after administration of the appropriate medica-
tions and the patient monitored closely as the rate is
once again gradually increased (Fig. 5). For more
severe reactions, a new blood donor may be required.

Donor information, commercial product lot num-
bers, and details of the transfusions including all

monitoring sheets should be included in the medical
record. This information can be invaluable if the
horse requires another transfusion or has a transfu-
sion reaction.
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1. Introduction

Antemortem diagnosis of equine neurologic dis-
eases is challenging. Phosphorylated neurofila-
ment heavy (pNfH) could serve as a biomarker for
neurologic diseases.

2. Materials and Methods

A commercial, research pNfH ELISA was used to
measure pNfH in serum and cerebrospinal fluid
(CSF) of 51 neurologically normal horses, 26 nec-
ropsy-confirmed cervical vertebral compressive
myelopathy (CVCM)-affected horses, 64 necropsy-
confirmed equine neuroaxonal dystrophy-affected

horses or equine degenerative myelopathy (eNAD/
EDM)-affected horses, and 9 Shivers-affected
horses.

3. Results

In normal horses, the median serum pNfH was 0.08
ng/ml (95% CI 0.07–0.15; range 0.07–0.59 ng/ml) and
median CSF pNfH was 1.26 ng/ml (95% CI 1.06–1.52;
range 0.07–2.85 ng/ml). Serum pNfH of CVCM
horses and serum and CSF pNfH of Shivers horses
were comparable to normal horses. Median serum
pNfH was 0.07 ng/ml (95% CI 0.07–1.13; range 0.07–
52.6 ng/ml) in eNAD/EDM horses. Median CSF
pNfH levels were comparable across neurologic groups

320 2020 � Vol. 66 � AAEP PROCEEDINGS

MEDICINE: NON-INFECTIOUS DISEASES

Research Abstract�for more information, contact the corresponding author

NOTES



with broad ranges in eNAD/EDM 1.78 ng/ml (95% CI
1.5–2.28; range 0.07–137.8 ng/ml) and CVCM-affected
horses was 3.07 ng/ml (95% CI 1.15–29.9; range 0.20–
109.3 ng/ml). There was no effect of sex on serum or
CSF pNfH levels; however, age was a significant vari-
able among neurologically normal, eNAD/EDM, and
CVCM groups.

4. Discussion

Serum pNfH of �1 ng/ml is supportive of eNAD/EDM
(P � 0.01). CSF pNfH of �3 ng/ml is supportive of
either eNAD/EDM or CVCM (P � 0.0001). Values
below these levels do not rule out neurologic disease.
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1. Introduction

Phenylbutazone is commonly prescribed to treat
painful or inflammatory disorders, but has been as-
sociated with gastrointestinal adverse effects. An-
ecdotally, omeprazole is prescribed to reduce the
risk of phenylbutazone-induced gastric ulceration,
but the efficacy and safety of this practice remains
unknown.

2. Materials and Methods

Twenty-two horses with equine glandular gastric
disease (EGGD) and equine squamous gastric dis-
ease scores �2 were included in the study. Horses
were assigned to treatment groups: phenylbuta-
zone (PBZ; 4.4 mg/kg PO q12h), phenylbutazone
plus omeprazole (PBZ/OME; 4 mg/kg PO q24h), or

placebo (CON) in a randomized block design based
upon initial EGGD score. Horses were treated for
up to 14 days. Gastroscopy was performed weekly.
CBC and biochemistry were performed at day 0 and
study end. Horses were observed daily for signs of
colic and/or diarrhea.

3. Results

EGGD score increased over time, with PBZ increas-
ing more than PBZ/OME (P � .04). Total plasma
protein decreased in PBZ (P � .003) and PBZ/
OME (P � .01). Rate of intestinal complications,
including large or small colon impaction, diarrhea,
necrotizing typhlocolitis, and ulcerative and necro-
hemorrhagic enterocolitis was higher in PBZ/OME

322 2020 � Vol. 66 � AAEP PROCEEDINGS

MEDICINE: NON-INFECTIOUS DISEASES

Research Abstract�for more information, contact the corresponding author

NOTES



(6/8) versus CON (0/6; P � .02) but not PBZ/OME
versus PBZ (2/8; P � .3).

4. Discussion

Administration of omeprazole ameliorated PBZ-
induced glandular ulcers (EGGD) but was associ-
ated with an increase in intestinal complications.
Caution should be exercised when co-prescribing
NSAIDs and omeprazole in horses.

Acknowledgments

Declaration of Ethics

The Authors have adhered to the Principles of Vet-
erinary Medical Ethics of the AVMA.

Conflict of Interest

Dr. Banse has previously performed consultancy
work for and received research funding from Boehr-
inger Ingelheim. The other authors have no conflicts
of interest.

AAEP PROCEEDINGS � Vol. 66 � 2020 323

MEDICINE: NON-INFECTIOUS DISEASES



Factors Affecting Successful Ultrasound-Guided

Injection of the Podotrochlear Bursa Using a

Palmarolateral Approach

Pablo Espinosa-Mur, DVM, DACVS, DECVS*;

Mary Beth Whitcomb, DVM, MBA, ECVDI (LA-Associate);

Philip H. Kass, DVM, MPVM, MS, PhD; Lothar Vanslambrouck, DVM; and

Larry D. Galuppo, DVM, DACVS

Navicular bursa visibility is significantly improved with caudal foot placement and disten-

tion. Success rates support the technical challenge of podotrochlear bursa injections. Authors’

addresses: Stephansmuehle Pferdepraxis, Hilpoltstein, Germany (Espinosa-Mur); Department of

Surgical & Radiological Sciences (Whitcomb, Galuppo); Department of Population Health & Repro-

duction (Kass), School of Veterinary Medicine, University of California-Davis, Davis, CA 95616;

Equitom Equine Clinic, Meldert, Belgium (Vanslambrouck); e-mail: pablosvet@gmail.com.

*Corresponding and presenting author. © 2020 AAEP.

1. Introduction

Multiple techniques to inject the podotrochlear
bursa (PDB) have been described. This study eval-
uated potential factors for ultrasound-guided (USG)
injection success, including effects of limb position
on ultrasonographic visibility, with and without
PDB distention, and experience levels between
ultrasonographers.

2. Materials and Methods

The PDB of 24 cadaveric forelimbs were distended
with 0, 1, or 2 ml of iodinated contrast material and
saline. Ultrasonographic visibility of the supras-
esamoidean region and PDB was graded before and
after distention with the limb loaded in three posi-
tions (vertical, cranial, and caudal). USG injection
of the PDB with methylene blue was then performed
using a palmarolateral approach and caudal foot

placement. Each ultrasonographer injected 12
limbs (4 limbs with each of the 3 volumes of PDB
distention). Limbs were frozen and sectioned to
assess accuracy.

3. Results

Ultrasonographic visibility scores of the suprasesa-
moidean region and PDB were significantly improved
using a caudal foot placement, although visibility
scores did not affect injection success. Injection suc-
cess was higher (9/12, 75%) for the experienced versus
less experienced ultrasonographer (5/12, 41.6%), but
this difference was not significant. PDB distension
improved visibility but not injection success.

4. Discussion

Caudal foot placement enhances the visibility of
the PDB and suprasesamoidean region. PDB
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distention improves visibility but does not appear to
affect injection success; however, the PDB was well-
visualized in all limbs before distention with the foot
positioned caudally.

Acknowledgments

Declaration of Ethics

The Authors have adhered to the Principles of Vet-
erinary Medical Ethics of the AVMA.

Conflict of Interest

The Authors have no conflicts of interest.

AAEP PROCEEDINGS � Vol. 66 � 2020 325

IMAGING AND REHABILITATION



Comparison of Radiographic and Magnetic

Resonance Imaging Findings in the Proximal

Metatarsus in 35 Horses

Frances Hinkle, DVM, MS*; Kurt Selberg, DVM, MS, DACVR;

David D. Frisbie, DVM, PhD, DACVS, DACVSMR; and

Myra F. Barrett, DVM, MS, DACVR, DACVR-EDI

Radiographic changes of the proximal third metatarsal bone should not be used as an indicator of

proximal suspensory desmopathy but are associated with proximal suspensory enthesopa-

thy. Authors’ addresses: Department of Environmental and Radiological Health Science

(Hinkle, Selberg, Barrett); Orthopaedic Research Center, Department of Clinical Science (Fris-

bie), College of Veterinary Medicine and Biomedical Science, Colorado State University, Fort Collins,

CO 80523; e-mail: franceshinkle15@gmail.com. *Corresponding and presenting author. © 2020

AAEP.

1. Introduction

Comparing radiographs to magnetic resonance im-
aging (MRI) as a gold standard can help objectively
assess the value and limitations of radiographs in
specific orthopedic disease processes.

2. Materials and Methods

This retrospective study compared the radiographic
and MRI findings of the proximal third metatarsal
bone (MTIII) and proximal suspensory ligament
(PSL). Single hindlimbs of 35 horses with radio-
graphic and high-field (3T) MRI studies were in-
cluded and blindly evaluated by two board-certified
veterinary radiologists and a radiology resident.
The severity and location of the following parame-
ters were assessed: radiographic MTIII sclerosis
and lucent regions, MRI metatarsal endosteal scle-
rosis and edema, cortical proliferation and resorp-
tion, and PSL desmopathy. Chi-square analysis

was performed on the presence and severity of these
findings.

3. Results

Fifty-four percent had radiographic MTIII changes.
Forty percent had osseous changes in MTIII on MRI.
Forty-three percent had evidence of PSL desmopathy
on MRI. No significant association was found be-
tween the presence of radiographic changes in MTIII
and PSL desmopathy on MRI. A statistically signif-
icant association and a positive correlation was found
between the severity of radiographic changes and
metatarsal proliferation and resorption on MRI.

4. Discussion

These findings indicate that radiographic changes of
MTIII do not specify proximal suspensory ligamentous
injury. Similar to previous studies, metatarsal en-
thesopathy and proximal suspensory desmopathy can
occur independently.
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1. Introduction

A positron emission tomography (PET) scanner, spe-
cifically designed to image the equine distal limb un-
der standing sedation, has recently been developed.
The goals of this study were to validate the scanning
technique and provide early descriptive data.

2. Materials and Methods

Six research horses were imaged twice standing and
once under general anesthesia for the validation
phase. Twenty-five racehorses (56 fetlocks) were
then imaged with a 4-minute scan time per fetlock, 30
minutes after injection of 15 mCi of the substance
18F-NaF.

3. Results

This validation study confirmed the safety and good
repeatability of PET. In the racehorse population,
increased radiopharmaceutical uptake was most

common in the palmar metacarpal condyles (medial
condyle, 68%; lateral condyle, 59%). The second
most common sites of abnormal uptake were the
proximal sesamoid bones (medial, 38%; lateral,
18%). The uptake in the sesamoid bones was most
common at the dorsal aspect of the medial proximal
sesamoid bone, a site known to be involved in cata-
strophic fracture.

4. Discussion

These findings confirm the ease of use of standing
PET in racehorses and its ability to recognize dif-
ferent uptake patterns. The information pre-
sented here is the early data from a study
comparing PET with scintigraphy and standing
magnetic resonance imaging. This study will
provide further information regarding the value of
PET in racehorses.
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1. Introduction

Subchondral cystic lesions (SCLs) can be a source of
lameness with implications on future athletic per-
formance, and therefore, negatively affect potential
buyer’s decisions if they are identified on presale
radiographs. Some lesions can be nonclinical with
no apparent lameness or joint effusion while other
cases exhibiting lameness often require surgical
management.

2. Materials and Methods

Repository radiograph reports of yearlings at a pri-
vate practice from 2005 to 2017 were reviewed and
race records were collected and analyzed. An af-
fected cohort of 42 horses with SCLs was matched by
an unaffected cohort of 84 horses without SCLs of
the distal condyles as the hip number above and
below the affected horse. An independent samples

t-test was used to evaluate racing metrics (2-year-
old starts and 3-year-old starts, career starts), and
monetary performance metrics (2-year-old earnings,
2-year-old earnings per start, 3-year-old earnings
per start, career earnings, career earnings per start)
between horses with cysts and without cysts. Sta-
tistical significance was set a P � .05.

3. Results

No significant difference was observed between
horses with and without SCLs of the distal condyles
both for racing metrics and monetary performance.

4. Discussion

These findings may cause veterinarians to consider
recommendations when advising clients on year-
lings with nonclincial SCLs. There was a trend for
larger cysts with articular involvement to limit per-
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formance. History of treatments pre- or postsale is
unknown.
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1. Introduction

Aquatic treadmills create buoyancy, which leads to
decreased mechanical load on bone and joints.
While beneficial in rehabilitation, effects on muscu-
loskeletal health in young horses are not well in-
vestigated. The objectives of this study were to
determine the influence of early forced exercise
(dry vs aquatic) on serum and synovial fluid bio-
markers in young horses transitioning to an ad-
vanced workload.

2. Materials and Methods

Yearling Quarter Horses were randomly assigned to
no exercise (n � 10), treadmill exercise (n � 10), or
aquatic treadmill exercise (n � 10; water at 60%
wither height). Treadmill and aquatic treadmill
exercise walked on treadmills 5 days/week for 112
days before transitioning to a 28-day advanced
program on natural sandy surface. Synovial fluid
and serum were collected every 28 days for bio-

markers of bone and joint metabolism. Radio-
graphs of third metacarpal were taken on days 0,
112, and 140 for radiographic bone aluminum
equivalence.

3. Results

There were no treatment effects on cartilage, in-
flammatory biomarkers, or radiographic bone alu-
minum equivalence. There was a treatment �

day effect (P � .01) where osteocalcin decreased in
both exercise groups during advanced exercise.

4. Discussion

Changes in markers of cartilage turnover in
horses exercised at the walk, whether dry or
aquatic, cannot be distinguished from turnout
alone; however, bone formation decreases follow-
ing 28 days of advanced workload on natural
surface.
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1. Introduction

There are many horses that appear sound in hand
but have underlying pain-related musculoskeletal
problems when ridden. However, horses show a
variety of gait modifications in an attempt to reduce
pain and minimize lameness, including reducing the
range of motion of the thoracolumbosacral region,1

taking shorter steps, altering limb flight, and in-
creasing body lean.2 Owners, riders, and trainers
may not be able to recognize the signs of lameness.
In a study of 506 sports horses in normal work and
presumed to be sound, 47% were overtly lame or had
other pain-related gait abnormalities (e.g., stiff and
stilted canter).3 In an unrelated study of 201 rid-
ing horses in full work and functioning normally,
53% had gait asymmetry when evaluated trotting in
hand, which was determined using inertial mea-
surement units.4 An analysis of 57 dressage and
showjumping horses in normal work revealed that
65% exhibited lameness either in hand on the lunge
or ridden; 47% showed lameness ridden and 7%
were only lame ridden.5 Riders and trainers often

label performance problems experienced during rid-
den exercise as training-related, rider-related, or
behavioral or ‘that is just how the horse has always
gone.6,7 Consequently pain-related problems often
get insidiously but progressively worse. The inabil-
ity to perform satisfactorily may result in a decline
in the value of the horse and the standards of care.6

Improved pain recognition will enhance equine
welfare.

Many veterinarians have had little training in
pain recognition and limited education in identifica-
tion of low-grade lameness, especially in ridden
horses and, therefore, struggle to recognize muscu-
loskeletal pain as a cause of poor performance.
Owners are frustrated when they think that their
horse has an underlying pain-related problem but
are informed by their veterinarian that there is no
detectable lameness and the problem must be be-
havioral. It would, therefore, be useful to have ad-
ditional tools for owners, trainers, veterinarians,
and other paraprofessionals to recognize signs of
musculoskeletal pain.
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Behavioral changes related to experimentally
induced orthopedic pain in horses have been de-
scribed,8,9 but the features described, such as paw-
ing the ground, are generally not applicable to
ridden horses. The most recent advance in the rec-
ognition of subtle behavioral changes associated
with pain is the investigation of facial expressions.10

The spectrum of facial expressions exhibited by nor-
mal horses under non-ridden circumstances has
been described in detail.11 An “equine pain face”
was developed to describe facial features of horses
with induced limb pain at rest.12 A Horse Grimace
Scale, consisting of six features (“the ears held stiffly
backwards; orbital tightening [the eyelids are par-
tially or completely closed]; tension above the eye;
the mouth strained with a pronounced chin; the
nostrils strained with flattening of their profile; and
prominent strained chewing muscles”) was devel-
oped to categorize the facial expressions of horses
undergoing routine castration, with or without
perioperative analgesia.13 However, it has been
suggested that posture changes and overall body
tension in resting horses may confound results and
that further research is required to test for relia-
bility of “pain grimace” measures.14 The Equine
Utrecht University Scale for Facial Assessment of
Pain was developed to assess facial pain expressions
in horses with or without abdominal pain and used
a 3-point system from “normal � 0” to “maximal
visible pain” for nine facial parameters to derive an
overall pain scale.15 This system showed good re-
liability among four veterinary students and two
veterinarians when looking at 10-minute video re-
cordings of stabled horses.

An initial outline of a scheme to assess some as-
pects of facial expression in ridden horses has been
described;16 however, a detailed description of the
results was not documented. Head movement, ear
position, teeth grinding, and lip movements were
described in a study comparing two groups of young
horses (3.5 years of age) when first lunged under a
saddle and first ridden at a trot following either a
“conventional training approach” or a “sympathetic
training approach.”17

An ethogram is a catalog of behaviors with specific
definitions. An ethogram purpose designed to de-
scribe facial expressions in ridden horses (FEReq)
was developed,18 and it was shown that it could
be applied by observers from variable professional
backgrounds with satisfactory agreement. It was
also demonstrated that a trained assessor could dif-
ferentiate between lame and non-lame horses based
upon application of the FEReq to photographs of the
horses’ heads.19,20

It has frequently been recognized by the review of
patient history that the presence of musculoskeletal
pain in horses has long pre-dated its recognition
because owners and trainers have failed to recognize
the significance of behavioral changes during ridden
exercise.21–30 In horses, some behaviors such as
bucking,29 head tossing,31 and rearing32 during rid-

den exercise have been associated with musculosk-
eletal pain, and classical headshaking has been
associated with trigeminal neuralgia.33–36 How-
ever, the association between other behaviors and
pain, such as unwillingness to go forward or being
“above the bit,” has been poorly documented.

It was postulated that these relatively easily ob-
served signs might be used to develop a Ridden
Horse Ethogram that could improve the ability of
minimally trained observers to differentiate horses
with musculoskeletal pain from those with other
behavioral, training, or rider problems.

2. Development of the Ridden Horse Ethogram

The purpose of the initial study was to develop a
Ridden Horse Ethogram and to determine whether
it could be applied repeatedly by one trained ob-
server (Repeatability Study, 9 horses) and if, by
application of a related pain behavior score, lame
horses (n � 24) and non-lame horses (n � 13) could
be differentiated.37 It was hypothesized that there
would be some overlap in pain behavior scores
among non-lame and lame horses and that, overall,
non-lame horses would have a lower pain behavior
score than lame horses. The ethogram was devel-
oped with 117 behaviors and horses were graded
twice in random order by a trained observer using
video footage. Overall, there was good correlation
between the two assessments (P � 0.001; R2

� 0.91).
Behaviors that were not consistent across the two
assessments were omitted, reducing the ethogram to
70 behaviors. The modified ethogram was applied
to video recordings of the non-lame horses and lame
horses (Ethogram Evaluation). By the amalgama-
tion of similar behaviors and by omission of markers
that showed unreliable results in relation to lame-
ness the Ridden Horse Pain Ethogram was ulti-
mately developed. This comprised 24 behaviors,
the majority of which were at least 10 times more
likely to be seen in lame horses versus non-lame
horses (Table 1) (Figs. 1– 6).

The maximum individual occurrence behavior
score for lame horses was 14/24, with a median score
of 9 and a mean score of 9 (standard deviation [SD]
�2), compared with a maximum score of 6 for non-
lame horses, with a median and a mean score of
2 (SD�1.4). The following behaviors occurred sig-
nificantly more frequently in lame than non-lame
horses (P � 0.05, Chi-square): one or both ears be-
hind vertical for �5 s, mouth opening with separa-
tion of the teeth for �10 s, tongue out, change in eye
posture and expression, front of head �30° in front
of the vertical for �10 s (above the bit), head tossing,
tilting the head, unwillingness to go, crookedness,
hurrying, changing gait spontaneously, poor-quality
canter, resisting or not following the direction of the
rider’s cues, and stumbling and toe dragging. It
was concluded that the presence of 8 or more of the
24 behaviors was likely to reflect musculoskeletal
pain.
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3. Application of the Ridden Horse Pain Ethogram to

Horses with Musculoskeletal Pain and Comparison

Before and After Diagnostic Anesthesia

To provide further evidence that the behaviors were
a reflection of musculoskeletal pain, video record-
ings of 10 lame horses were reviewed blindly in
random order by a trained assessor before and after
diagnostic anesthesia resolved the baseline lame-
ness and improved any gait abnormalities seen in
canter.38 The mean and median scores before diag-
nostic anesthesia were 12.1 and 12 out of 24, respec-
tively (range, 6–14). After lameness resolution,
the mean and median scores reduced to 5.9 and 5,
respectively (range, 3–10). The marked reduction
in behavior scores following resolution of lameness
verified a causal relationship between musculoskel-
etal pain and the behaviors.

An additional study demonstrated that non-trained
assessors from different professional backgrounds
could differentiate between lame horses before and
after diagnostic anesthesia had abolished low-grade
lameness (most frequent lameness grade, 2/8) by
application of the Ridden Horse Pain Ethogram.39

Anonymized video recordings of 21 lame horses, rid-
den by professional riders in trot and canter before
and after diagnostic anesthesia had abolished lame-
ness, were reviewed in a random order by a trained
assessor and 10 untrained assessors. For each
horse, the duration of the recordings before and af-
ter diagnostic anesthesia was time matched. The
number of behaviors exhibited by the 21 lame horses
prior to diagnostic anesthesia ranged from 3.6 to
11.6/24 (median, 9; mean, 9.1). After lameness and

overall performance had been substantially im-
proved using diagnostic anesthesia, the number of
behaviors was significantly reduced (P � 0.0001),
ranging from 1.6 to 8.5/24 (median, 4.5; mean, 4.2).

4. Application of the Ridden Horse Pain Ethogram in

Real Time

Ten equine veterinarians (the “test observers”) (af-
ter preliminary training) and an experienced asses-
sor applied the Ridden Horse Pain Ethogram to 20
horse-rider combinations performing a purpose-
designed dressage test (8.5 minutes).40 The horses
were a convenience sample, in regular work, and
capable of working ‘on the bit.’ Video recordings
of the test were analyzed retrospectively by the ex-
perienced assessor. Lameness or abnormalities of
canter, saddle-fit, the presence of epaxial muscle
tension/pain, and rider-skill-level were determined
by independent experts. Sixteen horses were lame,
11 had an ill-fitting saddle, and 14 had epaxial mus-
cle tension/pain. The experienced assessor deter-
mined total behavior scores of 3–6/24 for the non-
lame horses, 2 lame horses scored 3 and 6, and 14
lame horses scored 8–16. There was no significant
difference in real-time scores and video-based scores
for the experienced assessor. There was good agree-
ment between the experienced assessor’s scores and
the mean test observer scores. There was excellent
consistency in overall agreement among raters (in-
traclass correlation, 0.97; P � 0.001). There was a
significant difference between ethogram scores ac-
cording to lameness status for real-time (P � 0.017)
and video (P � 0.013) observations by the experi-

Table 1. The 24 Behavior Ridden Horse Ethogram, Adapted from Dyson et al37

1. Repeated changes of head position (up/down), not in rhythm with the trot

2. Head tilted or tilting repeatedly

3. Head in front of vertical (�30°) for �10 s

4. Head behind vertical for (�10°) for �10 s

5. Head position changes regularly, tossed or twisted from side to side, corrected constantly

6. Ears rotated back behind vertical or flat (both or one only) �5 s; repeatedly lay flat

7. Eyelids closed or half closed for 2–5 s; frequent blinking

8. Sclera exposed repeatedly

9. Intense stare (glazed expression, “zoned out”) for �5 s

10. Mouth opening � shutting repeatedly with separation of teeth, for �10 s

11. Tongue exposed, protruding or hanging out, and/or moving in and out repeatedly

12. Bit pulled through the mouth on one side (left or right), repeatedly

13. Tail clamped tightly to middle or held to one side

14. Tail swishing large movements: repeatedly up and down/side to side/circular; repeatedly during transitions

15. A rushed gait (frequency of trot steps �40/15 s); irregular rhythm in trot or canter; repeated changes of speed in

trot or canter

16. Gait too slow (frequency of trot steps �35/15 s); passage-like trot

17. Hindlimbs do not follow tracks of forelimbs but repeatedly deviate to left or right; on 3 tracks in trot or canter

18. Canter repeated leg changes in front and/or behind: repeated strike off wrong leg; disunited

19. Spontaneous changes of gait (e.g., breaks from canter to trot or trot to canter)

20. Stumbles or trips more than once; repeated bilateral hindlimb toe drag

21. Sudden change of direction, against rider’s directions/cues; spooking

22. Reluctance to move forward (has to be kicked � verbal encouragement), stops spontaneously

23. Rearing (both forelimbs off the ground)

24. Bucking or kicking backward (one or both hindlimbs)
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enced assessor and for the test observers’ mean (P �

0.03). There was no significant effect of muscle
pain, saddle-fit, or rider-skill on behavior. It was
concluded that the Ridden Horse Pain Ethogram
was applied consistently by veterinarians with dif-
ferentiation between non-lame and most lame
horses. After appropriate training in its applica-
tion, the ethogram may provide a useful tool for
determining the presence of musculoskeletal pain in
horses performing poorly.

5. Application of the Ridden Horse Pain Ethogram

and Its Association with Performance

The potential power of the Ridden Horse Pain Etho-
gram was demonstrated by its application to horses

warming up for dressage for a four-star (now five-
star) 3-day event.41 Thirty-five consecutive horses
competing on day 2 dressage were each assessed for
a minimum of 10 minutes during trot and canter.
Horses were classified subjectively as non-lame,
lame, or showing a stiff, stilted gait. The Ridden
Horse Pain Ethogram was applied by a trained as-
sessor. Cross-country performance was obtained
from the competition website; horses were classified
as completing, eliminated, or retired. Twenty-
seven non-lame horses scored 0–4/24 behaviors
(mean and median, 2/24); the most frequently ob-
served behaviors were head behind the vertical
�10s and mouth open �10s. Eight horses with gait
abnormalities scored 3–9/24 (median, 7.5; mean, 6).
Thirty-four horses started cross-country. Of 28
horses that scored �7, 8 (28.6%) were eliminated or
retired. Of 6 horses that scored �7, 4 (66.7%) were
eliminated or retired. The proportion of horses fail-
ing to complete was significantly higher (P � 0.01, t
test) for scores �7, compared with �7. However, one
horse with a stiff, stilted gait scored 9 but completed.
Horses can pass a veterinary inspection but show
gait abnormalities when ridden, highlighted by be-

Fig. 1. The tail is crooked, being held to the right. The horse is

moving crookedly, on three tracks, with the right hindlimb fol-

lowing the track of the left forelimb, and the left hindlimb on an

inner track.

Fig. 2. The head is tilted with the nose to the right. The right

ear is behind a vertical position.
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havioral changes. Gait abnormalities may compro-
mise cross-country performance in some horses,
although a causal relationship between failure to
complete and gait abnormalities cannot be proven.

6. The Influence of Rider Size on Ridden Horse

Behavior

In a prospective, cross-over, randomized trial, six
non-lame horses in regular work, 500–600 kg body
weight, were ridden by four riders of similar ability,
but different body weights (rider:horse body weight
10–12% [L � Light], �12�15% [M � Moderate],

�15�18% [H � Heavy], �20% [VH � Very Heavy]),
performing a standardized 30-minute dressage
test.42 Horses were evaluated throughout the test
for the presence of lameness and the Ridden Horse
Pain Ethogram was applied in real time. Tests
were abandoned for �grade 3/8 lameness or �10
behavioral markers (assessed in real time). The
Ridden Horse Pain Ethogram was also applied ret-
rospectively to video recordings of predefined parts
of the test in trot and canter by an experienced
assessor.

All 13 H and VH rider tests were abandoned (tem-
porary lameness, n � 12; behavior, n � 1 [10/24
behaviors in canter), as was 1 of 12 M rider tests
(temporary lameness). For the retrospective video
analysis, there were significant differences among
riders in the total sum of behaviors for trot (ANOVA,
Bonferroni: M vs H, P � 0.01; L and M vs VH, P �

0.001; H vs VH, P � 0.05). The total number of
behaviors correlated positively with rider weight
(Spearman: R � 0.4, P � 0.01), although in only 1
of 37 tests was the total behavior score �8. The
numbers of behaviors reflecting head position and
facial expression were significantly higher with the
heavier riders (ANOVA, Bonferroni: P � 0.001–
0.05), whereas body markers (head and tail move-
ment) and gait markers (behavior, not kinematics)
showed non-significant changes. Statistical com-
parisons for canter could not be performed because
of early abandonment of tests for the H and VH
riders.

It was concluded that rider size (height and
weight) may influence ridden horse behavior, which
may reflect discomfort.

7. Discussion

The observation of 8 or more of the 24 behaviors of
the Ridden Horse Pain Ethogram is likely to reflect

Fig. 3. The horse has an intense stare. The bit is pulled

through to the left. The tail is swishing. The lips are sepa-

rated, but not the teeth, so this does not constitute mouth open-

ing. The horse is sweating disproportionately.

Fig. 4. The front of the horse’s head is more than 10° behind a vertical position. The tongue is out.
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the presence of musculoskeletal pain, although some
lame horses exhibit less than 8 behaviors. It is
important to observe horses from all perspectives
(from in front, behind, and the side), performing at
least trot and canter and transitions between gaits
both going around the periphery of an arena and
performing 10-meter diameter circles in rising trot
to ascertain comprehensive scoring. Some horses
show more signs consistent with pain in canter than
in trot or vice versa. However, pain may only be
manifested in some horses doing more specia-
lized and physically demanding movements (e.g.,
shoulder-in, collected trot half-pass, and canter fly-
ing changes), so inclusion of these movements in the
assessment for some horses is recommended. Obser-
vation of a horse working for 5 to 10 minutes should
be adequate.

There is no correlation between lameness severity
when ridden and the number of behaviors of the
Ridden Horse Pain Ethogram that are displayed.
It should be borne in mind that if lameness is pres-
ent in more than one limb, it may not be graded
accurately. There is also marked diversity of the
occurrence of each of the 24 behaviors, which is not
necessarily related to lameness grade but to physi-
cal musculoskeletal discomfort and perception of
pain by the individual horse.37–40 However, the
presence of eight or more behaviors indicates pain,
even if overt lameness is not observed. This is im-
portant when assessing a horse prior to purchase,
evaluating a horse with a history of poor perfor-
mance, and when performing routine assessments
of sports horses to determine if performance could be

enhanced. Early recognition of musculoskeletal
pain and accurate identification of the source(s) of
pain may enable the successful treatment and, thus,
improved performance and minimize the risk of the
development of secondary problems.

Training improved the accuracy of interpretation
of the FEReq,37 and the Ridden Horse Pain Etho-
gram40 and is strongly recommended. On-line
training is available.43 The definitions for each be-
havior need to be recognized, understood, and cor-
rectly applied. A number of factors need to be
assessed before application of the Ridden Horse
Pain Ethogram. In some horses, the sclera is visi-
ble at rest in one or both eyes, so this observation
should not be included in the behavior score. If the
bit is too wide, it may erroneously be concluded that
it has been pulled through to one side. If the foot-
ing is very deep, this may induce hindlimb toe drag,
which may not be observed on a better surface.

Some of the features of the Ridden Horse Pain
Ethogram could also be influenced by the type of bit
and its use and the rider’s skill, balance, and use of
their hands. Preliminary results indicate that the
behavior scores of lame and non-lame horses ridden
by riders of differing ability are similar, although
work quality may differa. The mouth repeatedly
opening with separation of the teeth and the tongue
protruding were both significantly associated with
lameness.38 It has been suggested that such eva-
sions could also be a reaction to the presence of a
bit44–47 or an ill-fitting noseband.48–51 However,
such evasive behavior may prompt owners to intro-

Fig. 5. The front of the horse’s head is �30° in front of a vertical position; the ears are behind a vertical position; the horse has an

intense stare; the tail is swishing.
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duce nosebands, such as a crank noseband with a
flash or to tighten nosebands rostral to the bit.

Although saddle fit did not significantly influence
behavior scores in one study,40 an ill-fitting saddle
does have the potential to induce abnormal behav-
iors, which disappear if a better fitting saddle is
used.

There are a number of additional features that
have not been assessed objectively but that are of
potential clinical relevance during ridden exercise:
teeth grinding, abnormal breathing noises, grunt-
ing, and sweating disproportionate to the level and
amount of work, fitness, and environmental temper-
ature. There are features that may be felt by a
rider: episodic shooting forwards, absence of rein
tension (not taking a contact), symmetrically in-
creasing rein tension (hanging on the reins), asym-
metrical rein tension (hanging on one rein more
than the other), reduced range of motion of thoraco-
lumbosacral region (“back stiffness”), tension, lack
of hindlimb impulsion, and being on the forehand.
There are also features of gait that are difficult to
reliably measure without high-speed video, such as
alterations in canter (e.g., temporal and spatial sep-
aration of the hindlimbs during the stance phase).
Assessment of blink rate was not performed but may
be useful for future studies. Increased blink rate
has been linked positively to the amount of dopa-
mine in the basal ganglia of the brain,52 and dopa-
mine levels may increase as a result of pain.53

Definitive differentiation between pain or discom-
fort induced by tack and other innate behavioral
reasons cannot be made on the basis of these stud-
ies. When a horse is learning a new movement, it
may misunderstand the rider’s cues or find it phys-
ically difficult due to the unaccustomed use of spe-
cific muscle groups, which may result in delayed
onset muscular stiffness.54,55 Conflict behavior56

or resistant behavior may be displayed, but persis-
tence of such behaviors would not be expected unless
there was an underlying pain-related problem.
Recognition of changes in behavior facilitates recog-
nition of improvement in performance and willing-
ness to work following improvement or resolution of
pain causing lameness using diagnostic anesthesia.
The persistence of 8 or more of the 24 behaviors of
the Ridden Horse Pain Ethogram is likely to indi-
cate residual musculoskeletal pain, requiring fur-
ther investigation.

The Ridden Horse Pain Ethogram was developed
in sports horses used in the Olympic disciplines in
which the horse is expected to work with the front
of the head in a vertical position, on the bit, when
performing schooling-type work. However, other
than head position, the ethogram is readily trans-
ferable for other types of work (e.g., jumping), when
working individually, although close proximity of
other horses may influence behavior.

8. Conclusions

It is concluded that the demonstration of 8 or more
of the 24 behaviors of the Ridden Horse Pain Etho-
gram is highly likely to reflect the presence of mus-
culoskeletal pain in sports horses, although some
lame horses score less than 8. It is considered im-
portant that those interacting in any way with or
responsible for horses are educated about the signs
that may reflect pain when horses are ridden (e.g.,
ears back, mouth opening, tongue out, change in eye
posture and expression, going above the bit, head
tossing, tilting the head, unwillingness to go, crook-
edness, hurrying, changing gait spontaneously, poor
quality canter, resisting, and stumbling and toe
dragging). If changes in body postures and resistance
to following commands could be used to alert riders of
potential pain, then the welfare of horses could be
significantly improved. Horses would not fall victim
to harder training practices that could further aggra-
vate musculoskeletal pain or to a punishment-based
training regimen to address the animal’s unwilling-
ness to follow commands of the rider.
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1. Introduction

High-power laser therapy (�15 W) is used for treat-
ment of soft-tissue injuries in humans and horses,
but standardized controlled studies on its efficacy
are lacking. In this study the effect of high-
power laser was evaluated in a standardized le-
sion model in horses.

2. Materials and Methods

In 12 Warmblood horses, lesions were created in all 4
lateral suspensory branches. For 4 weeks, each horse
was treated with high-power laser on 2 of the 4 le-
sioned branches. Follow up with ultrasound and
Doppler was performed blinded during and after treat-
ment period. In the short-term study, 6 horses were
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euthanized 4 weeks post-surgery, whereas in the long-
term study, 6 horses were further rehabilitated until 6
months and then euthanized. Magnetic resonance
imaging (MRI) evaluation was performed blinded on
all cadaver limbs.

3. Results and Discussion

Transverse lesion size on ultrasound was signifi-
cantly smaller in the treatment group after 2 and 3
months (P � .026 and P � .015). The enlargement
of the circumference and cross-sectional area of the
lesion over time was significantly lower in the short-
term treatment group (P � .016 and P � .010).
During treatment, laser treated branches showed a
significantly increased Doppler signal (P � .001).

On MRI, both short- and long-term groups, the
mean signal was significantly lower (P � .006) and
the cross-sectional area of the lesions significantly
smaller (P � .002) in the treated branches. These
diagnostic imaging parameters indicate significant
enhanced healing of a suspensory branch lesion af-
ter high-power laser therapy.
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1. Introduction

From the Merriam-Webster dictionary, a bench-
mark is defined as something that serves as a stan-
dard by which others may be measured or judged.a

In business, benchmarking means the purposeful
study and comparison against outside reference
sources, such as industry-aggregated data or a com-
petitor, to improve the performance of one’s own
company.

In small business, the number-one order of finan-
cial interpretation is to assure internally generated
data is reliable, accurate, and consistent. To oth-
erwise embark on benchmarking expeditions
against outside data citations is a fool’s journey.
Until internal data accumulation is commandeered
and practice results understood, an external bench-
mark endeavor is a waste of time and resources.
First assure internal practice data trends are well
understood and acted upon.

A good analogy can be made with the conduct of
veterinary medical practice: the widely understood
language of scientific nomenclature and medical ter-
minology allows swift and accurate communication
among veterinary medical professionals. Consis-

tent ways of describing patient history, physical ob-
servations, and surgical and medical procedures
increase practice quality and efficiency.

Similarly, understanding accounting and busi-
ness intelligence terminology aids communication
about the financial health of a veterinary practice in
the same way. Wise use of technology further en-
hances financial data visualization and interpreta-
tion. The combination of affordable software,
cognitive computing, accelerating application de-
velopment, powerful personal computer proces-
sors, and cloud computing in the space of “big
data” requires an even greater level of business
intelligence sophistication in successful veteri-
nary practices.

The basis of reliable financial and other essential
practice data is a sound organized approach for me-
thodic collection, recording, sorting, and summariza-
tion. In the case of operational and financial data, a
reliable accounting system depends on accurate cate-
gorization of each practice’s financial transaction by
knowledgeable and trained personnel. Veterinary
practice bookkeeping and accounting systems also re-
quire logical organization of data into reports that
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enhance management assessment of economic out-
comes, including benchmarking activities.

2. Solutions and Discussion

System of Data Organization Required

Veterinary practice financial data organization re-
quires a chart of accounts. In 2005, the author’s
firm expressly designed the Equine Veterinary Prac-
tice Chart of Accounts (EVPCOA), an organized list
of all the asset, liability, equity, income, and expense
accounts used in an equine veterinary practice for
categorizing and recording each financial transac-
tion.1 In 2017, Veterinary Study Groups with
American Animal Hospital Association (AAHA) and
American Veterinary Medical Association (AVMA)
published an updated version of a Chart of Accounts
(COA) geared toward companion animal practices.

Because the author’s firm was the primary author
of this latter project, the EVPCOA and Companion
Animal COA are not tremendously dissimilar. One
or the other implemented by well-trained bookkeepers
will put the practice’s accounting house in order, lead-
ing to the consistent and efficient collection and aggre-
gation of data that can be reasonably benchmarked
against practice history, as well as the potential for
comparison to other practices using similar business
processes.

Foundational Work Leads to Practice Financial Health2

In the second of two conference papers3 the impor-
tance of underlying practice principles to guide and
drive success is discussed: Mission, Vision, Profes-
sional Ethics, and Core Values.

These critical elements lead directly to the specific
measures of practice financial health. Consider
them equally to that of establishing internal sys-
tems of accounting and measurement that allows
practice leadership to optimize healthy financial
performance over the long haul.

Methodical approaches to planning eventually il-
luminates the need for historical trends and under-
standing of current practice activities, that lead to
established activities to drive future performance
with predictability.

Avoiding Analysis Paralysis

With the proliferation of computer applications rep-
resenting the new normal of business life, managers
easily become overwhelmed with data and reports to
the point that detail may obscure the overall prac-
tice situation. As the saying goes, the forest view is
lost because of the trees.

Too much detail potentially causes inertia and con-
fusion. More to the point, how can anyone find the
time to sift through all this information, let alone act
upon the information it conveys in the moment?

Thus, businesses emphasize real-time “bird’s-eye”
views of selected data, most often called KPIs.
KPIs are presented in infinite varieties of interac-
tive formats. While technology increasingly pro-

vides self-serve applications to achieve the 10,000-
foot perspective, all share common elements:

● KPIs � mission-critical indices that give “at-a-
glance” data points.

● Data trends � KPIs are followed over time and
indicate and predict practice economic health.

● Reliable systems � KPIs and KPI trends are
only as good as the data input, by trained
personnel with attentive eyes to accuracy and
consistency, and through appropriate over-
sight by administration, and using the veteri-
nary practice COA.

● Timeliness � quick report turnaround is
needed to guide practice decisions.

● Goal accountability � practice strategic plan-
ning and goal setting leads to methodic choice
of key performance drivers, activities that en-
courage employee success in advancing se-
lected objectives.

The foundation for operational KPIs and manage-
ment reporting rests on consistent protocols for data
collection. The typical baseline operational KPIs
originate from both the financial accounting and
veterinary practice information management soft-
ware (VPIMS) reports.

Because data are plentiful and time is scant, a
limited number of KPIs are usually chosen based on
significance to sustaining practice profitability.

✓Profit is crucial to practice longevity.
✓Profit replenishes the supplies used.
✓Profit allows planning for contingencies.
✓Profit leads to adequate reserves when equip-

ment suddenly breaks and must be replaced.
✓Profit allows more compensation for those de-

serving through their work ethic and effort.

Benchmarks of Success That Everyone Should Consider

1. Profitability
a. What is it
b. How is it measured

2. Cash flow is not profit
a. Where to find it: statement of cash flows
b. Financial statement showing sources and

uses of cash
3. Budgets and budget variances

a. Improve profitability and cash flow by plan-
ning for it, and

b. Measuring results against the plan
c. Plan borrowing and debt service, capital

reinvestment: will debt promote growth?
4. Daily, weekly, monthly revenue breakeven

monitoring
a. Calculate revenue breakeven
b. Refine for seasonality

5. Human capital performance
a. Are they happy? Will they stay?
b. Amount and cost of turnover
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c. Determine satisfaction
6. Client growth and retention

a. Client retention rate
b. Net promoter score
c. Marketing outreach—social media goals

Desperately Seeking Causality

Ask any veterinary practice owner or consultant if they
want to see benchmarks that imply causality to high
profit. They will immediately lean in with rapt atten-
tion. Unfortunately, linking one piece of operational
data to another does not necessarily provide the reasons
for success or create a road map to improvement.

Unique, ambiguous, and perceived-as-unmeasur-
able characteristics are often considered possible cor-
relating factors but are difficult to confirm or verify:
a veterinarian’s charismatic persona, positive team
attitude, satisfied client perceptions, tidy practice ap-
pearance, and convenient location, and many more.

What performance characteristics lead to finan-
cial success that aren’t measured? To a large ex-
tent, the missing components relate to lack of a
clearly documented, contemporaneous understand-
ing of what clients and employees think and feel.
Why does one practice have high turnover and an-
other doesn’t? How do such factors impact each
practice entity’s profitability and ability to grow over
time? Why do some hospitals successfully optimize
client attendance and referrals and others fail?

Connecting the X’s and O’s

These squishy questions relate to what is now called
experiential data, otherwise called X-data. This is
a different kind of data that gains practice insight
into why operational data (O-data) show what it
does on an historical basis. By contemporaneously
collecting information and opinions, thoughts, and
feelings from the people important to business suc-
cess, practice stakeholders can increasingly under-
stand where they can do better to improve
operational data outcomes.

X-data provide important, missing insight into
business challenges faced in a new virtual world full
of social media influence, information overload, and
competition that spans far beyond local colleagues.
It is easy to relate to massive business environment
changes when a veterinary practice management
team experiences the horror of an angry client opin-
ing untruths on Facebook or through a Yelp review.
Businesses of all kinds are punished by an upset
client when employee experience is not up to par.

Veterinary managers and practice owners have
long intuited that there must be missing compo-
nents that can be measured, correlated to profit, and
managed, especially when they get very interested
in analyzing operational data and then figuring out
how can they make it better. The missing compo-
nents are measurements of the human experience,
and the gaps between what managers think is hap-
pening, what the client feels, and what actual mea-
surements might show.

Artificial intelligence and machine learning allow
powerful and capable collection and interpretation
of data, including experiential. In business, four
foundational aspects of X-data have been described:
Brand, Product, Client, and Employee. Each of
these arenas is of intense artificial intelligence de-
velopmental interest: robust applications can cu-
rate surveyed opinions and perspectives and exploit
the results to identify gaps that a business can nar-
row to gain competitive advantage.

Net Promoter Score

A good example of the new business world, where
companies increasingly seek shortcut approaches to
assessing experiential data is the Net Promoter
Score (NPS; Fig. 1). NPS is a simple pulse survey
method that attempts to measure client loyalty to a
company or brand. Introduced by a 2003 Harvard
Business Review article (“The One Number You
Need to Grow”), NPS has evolved into the most
commonly used measure of purported customer sat-
isfaction and revenue growth correlation.

NPS is measured by a one- or two-question sur-
vey. The first, and sometimes only, question asks
“On a scale of 0 to 10, how likely are you to recom-
mend our practice to a friend?” The second op-
tional follow-up question seeks client explanation of
the rating.

As for any data point that is measured and mon-
itored, the regularly tracked NPS trend for a prac-
tice may be the most important benchmarking
factor. An internet search for veterinary NPS data,
turned up a 2019 reference citing an average of 30,
with a score of 55 correlated with clients who feel
highly empowered about care of their pets.b An
older 2012 article based on “hundreds” of UK prac-
tices, yielded a NPS of 75.8 (promoters of 81.3% and
detractors of 5.5), while a survey across 15 European
countries via an online pet forum with 304 respon-
dents scored 55.c

In a June 21, 2018 blog, the author explained his
practice’s score was 84%, and mentioned an overall

Fig. 1. The net promoter score is the number one key perfor-
mance indicator.
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33% response rate to the NPS survey, that was far
higher than previous response rates of 10% to other
types of customer surveys.d

Profit is the ultimate KPI. Actually, profit will
comprise TWO KPIs to manage: profit as a mone-
tary amount and net profit as a percentage of gross
income, otherwise called profit margin. Profit mar-
gin provides a better idea of practice financial
strength than does profit. A veterinary practice
can show some level of profit in dollars, but a low
profit margin suggests a weak financial position.

There are many more metrics that include profit
as a component of the calculation, but for the pur-
poses of nearly all veterinary practices, managers
follow and tend these two.

Very generally, profit is defined as revenues mi-
nus expenses. Yet profit is measured in different
ways, with nuanced definitions. Here are just a
few terms you will hear: EBITDA,e gross profit, net
profit, taxable profit, and profit from business oper-
ations (operating profit). This last term, operating
profit, is of most interest from a managerial perspec-
tive since it measures profit from the activities lim-

ited to veterinary practice. Operating profit equals
operating revenue minus operating expenditures,
and excludes taxes, interest expense, and interest
income.

The unique aspects of each and every veterinary
practice affects its operating profit and profit mar-
gin: location, local demographics and household
income, species mix, competing service-provider op-
tions, pricing strategies, mix of service and product
offerings, market presence, practice size (revenues
and doctor numbers), and many more factors.

The industry range of veterinary practice operat-
ing profit margin is 1% to 25%, but most typically 5%
to 20%. Excellent profit margin is generally consid-
ered 17% to 20% or more, good is 14% to 16%, fair is
11% to 13%, and underperforming 5% to 10%. Four
percent or lower is cause for long-term survival con-
cern, unless there are mitigating factors such as
recent startup or transitioning into a significantly
larger facility.

Even so, a practice generating $6 MM with steady
annual growth, and operating profit margin of 8%

Fig. 2. Profit margin computation.
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(operating profit of $480,000), would be considered
by many to be a superior practice to one with $1.5
MM of operating revenue and operating profit mar-
gin of 20% (operating profit of $300,000). Of
course, numerous other factors would come to bear.
Value is very much in the eye of the beholder.

Managers should know how to measure operating
profit, even if it is just an approximation. In small,
closely held businesses, interpreting profit usually
requires a robust understanding of the elements of
the financial statements, especially those of the
profit and loss statement. The nature of small-
business financial report preparation obscures
results. Examples are listed below:

● Small-business bookkeeping fulfills dual purpos-
es: annual tax reporting and management
interpretation/decision making. Most all prac-
tices keep one set of books for both purposes.

● These two purposes conflict: taxpayers strive
to defer tax payment to the extent possible
through a variety of strategies that reduce
taxable income. At the same time, practice
owners wish to see profit trending at improved
levels year over year and against industry
benchmarks.

For advanced analysis of practice profit, engage
experts for practice valuation services (also called

Fig. 3. Sample practice budget.
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Fig. 4. Example of budget variance tracking and breakeven analysis.
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Fig. 5. Common ranges of equine practice operating expenses compared to operating revenues.
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business valuation.) Otherwise, professionals
(CPAs, valuation experts) can perform lower-level
profitability analytics that are extraordinarily help-
ful for strategic planning, budgets, and financial
projections. Good financial management requires
annual assessment of practice operating profit
trends.

As for all KPIs, the starting point of operating
profit measurement is reliable data availed through
the annual profit and loss reports. Because this
financial statement is primarily structured for tax
reporting purposes, one can expect the strategies
used to reduce taxable profit and taxes will cloud
operational profits and practice financial perfor-
mance. The strategies used often depend on the
chosen type of legal entity: proprietorship, part-
nership, corporation.

Taxable profit for income tax reporting purposes
usually approximates the bottom line of the small
business profit and loss statement. Each legal en-
tity type determines the required bottom-line ad-
justments to estimate operational profit. For most
veterinary practices, the required adjustments in-
clude the following:

● Restating owner (and owner family member)
compensation and benefit expenses to amounts
that reflect owner value to the practice as em-
ployees, providing services in exchange for
payment. Compensation and benefits should
be comparable to what the practice would nor-
mally pay a non-owner employee for similar
expertise and duties.

● If one or more practice owners also own the

practice real estate, restate rent expenditures
to the amount that reflects fair rental cost for
the use of the real estate by the veterinary
practice occupant.

● Depreciation and amortization expense must
be adjusted to reflect a reasonable estimate of
annual wear, tear, and obsolescence of medical
equipment, and other tangible capital assets/
property (called “economic decline”).

● Any expensed equipment costs should be
added back.

● Any lease payments for equipment that will
eventually be owned (purchase-lease or capi-
tal-lease) should be added back.

● Any extraordinary expenditures deducted in a
single year should be adjusted. For example,
a major website overhaul or significant main-
tenance or repair expenditures hitting all in 1
year.

● Interest income and other non-operational
sources of revenues are excluded.

● Interest expense and non-operating expenses
are excluded.

● Corporate income taxes are added back (if
any).

Fig. 2 shows a profit margin calculation applied to
typical veterinary practice profit and loss report or
tax return.

Practice Budgets—The Foundation for Operational

Objective Measurement

A crucial element of business scorecard and KPI use
is the art of projecting the practice’s financial results

Fig. 5. Continued
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through annual budgets. Financial budgets and
plans are important to strategic planning in two
main ways: 1) budgeting measures progress to-
ward goals, and 2) good planning and budgeting are
needed to fund each part of the strategic plan.

The minimum level of serious financial manage-
ment is traditional budget preparation. Since re-
cent financial history is a general predictor of
expected practice performance in the coming 12-
month cycle, traditional budgeting starts with the
most recent 2 to 3 years of profit and loss reports, in
computer spreadsheet format.

Operating revenues and expenses, as well as per-
centages of gross income, are projected forward, us-
ing documented assumptions such as the rate of
practice income growth, client numbers, fee adjust-
ments, vendor pricing changes, and employee com-
pensation requirements.

Spreadsheets allow easy manipulation of budget
data, computed in different and often complex ways
that aid “what-if analysis.” What-if analysis is a
powerful scenario-planning process using spread-
sheet models, where different numbers are applied
to key variables to see what the overall effect will be
on projected results. For example, “What if Cost of
Professional Services is reduced by 2 percentage
points? What resulting net profit result could be
expected?”

Well-designed and maintained practice budget
spreadsheets become powerful tools over future pe-
riods, as they are carried forward, modified, and
adapted to new assumptions and current situations.
With increasing levels of expertise, spreadsheet us-
ers will keep projections updated with monthly op-
erational results, comparing them to previously
predicted targets and revising the 12-month forecast
so that it is regularly rolled forward with new tar-
gets established.

During this process, budget variances are identi-
fied. Budget variances are the gaps between pro-
jected targets established in the budget process and
the actual results achieved as time progresses.

Variances are most often displayed in dollar
amount differences, the percentage increase or de-
crease, and the differences in each monetary line
item expressed as a percentage of gross income.
Selected variances become important KPIs in their
own rights, that will be important to track.

Fig. 3 shows the initial page of a practice budget
depicts how arranged columns display actual results
and budgeted amounts and the resulting variances,
highlighting practice performance for each metric.
Please note that not all pages of the budget are
shown.

Breakeven analysis also derives from financial re-
sult measurement. Like budgeting, breakeven
analysis can be adapted for different, important ar-
eas of practice planning.

● Daily break-even targets
● Breakeven analysis of pharmaceutical sales in

concert with employee commissions, to deter-
mine appropriate pricing

● Breakeven analysis of equipment investment
and use, to assist in procedure pricing and
daily or weekly use targets

Primary goals of budget variance tracking and
breakeven analysis are to:

● Support targeted practice profitability
● Use predictive analysis to identify gaps in real

time, allowing timely prescriptive action
● Inspire and challenge leaders to improve prac-

tice financial health through actionable insight

Successful strategy implementation requires finan-
cial plans created through budgets and breakeven
calculations, because it often takes money to bring
tactical and operational plans to fruition. Manag-
ers must be able to predict expenditures with some
semblance of reality. Resource allocation to imple-
ment a strategic plan typically includes outlays for
equipment, payroll, supplies, and contracted ser-
vices, in addition to deciding pricing and fee assign-
ment (Fig. 4).

An interesting application of daily breakeven rev-
enue targets involves posting the targets by day on a
monthly calendar. Daily comparison results are
posted for employee visualization, in green or red or
any other simple way to illuminate accomplishment
or deficiency (arrow up/down).

Daily breakeven revenues and client activity can
be projected in real time, once the data is drilled
with A.I. applications. With seasonality and desire
to plan staffing levels, past history and trends can be
used to plot forward to the exactness of day and hour
practice activity. Since payroll and related human
capital expenses are the largest part of the cost pie
for most every veterinary practice, any tools an hu-
man resources (HR) manager can leverage become
extremely valuable for creating efficiency and ele-
vating profit.

Operating Expense KPIs

The final KPI graphic to share is that presently com-
mon ranges of equine practice operating expenses
compared with operating revenues (Fig. 5). Surpris-
ingly, these have changed little over the last 3 decades,
although some new accounts have been added to the
COA listing, such as for internet pharmacy revenues
and costs of website and social media marketing.
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Strategies for Improving Financial Health Using

Practice Key Performance Indicator

Benchmarking

Marsha L. Heinke, DVM, EA, CPA, CVPM

Business performance improvement requires a disciplined methodology for developing, selecting,

and using Key Performance Indicators that support long-term strategic objectives for veterinary

practices. This session provides well-documented, step-wise approaches for developing and

using metrics for continual improvement. Author’s address: 934 Main Street, Grafton, OH

44044; e-mail: mheinke@vpmp.net. © 2020 AAEP.

1. Introduction

How does a veterinarian know a horse’s long-term
response to their comprehensive laminitis manage-
ment protocols unless they track its health progress
with uniform measurement? How does a practice
manager determine that implementation of fee in-
creases resulted in projected financial outcomes?
What metrics does an administrator purposefully
design to ascertain client satisfaction and employee
engagement?

Each of these questions highlights the veterinary
business need to strategically plan and measure se-
lected data that does more than document historical
results. Businesses must choose data collection
and reporting wisely, preferably actionable data
that drive continual improvement. Data are plen-
tiful and time is scant; successful business strat-
egy requires an intelligent selection of relevant
metrics.

Before assessing a practice’s financial health, first
ensure the practice uses tools and procedures to
maintain accurate records.1 Reliable internal data

allow a reasonable evaluation of performance. Too
many practices have not invested in dependable sys-
tems that allow nuanced interpretation.

Strategic execution requires fact-based informa-
tion. To gain competitive advantage, make contin-
uous effort toward data quality improvement via
internal processes and policies, use technology and
machine learning, and explore new options to
streamline data collection and interpretation time.

In veterinary practice financial management, the
prime requirement for benchmarking is the practice
itself: how does it currently compare to the base-
line financial health of last month or last year?
Second, well-curated data ideally allow a manager
to compare the practice to others of a similar
“breed,” such as to other equine ambulatory or re-
ferral hospital practices.

Everyone wants benchmarks, and yet, aggregated
industry data can mislead. Does a comparison of
any particular practice’s financial health to pub-
lished benchmarks have meaning? Is a practice
owner or manager able to make that determination?
In the end, managers are best served understanding
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the practice’s internal analytics, being comfortable
with their interpretation, and maintaining balanced
skepticism of external benchmarks.

Solution and Discussion

A discussion of practice financial health betterment
can only begin by enumerating certain principles.
These essential principles underlie everything a man-
ager will undertake with data mining, application
selection, industry benchmarking, and executive deci-
sion-making. Long-term, sustainable financial
health has the following characteristics:

● A defined business purpose.
● Stakeholder core values and vision.
● Veterinary professional ethical guidelines.

Retained and reinforced in institutional memory,
these factors form the foundation of a practice’s mis-
sion and vision statements. From these two state-
ments, business strategy will flow, with a cascade of
stated strategic objectives propagated throughout
the organization.

Strategic objectives define the data selected for
collection, measurement, comparison, and dissemi-
nation through various reporting mechanisms.
Measurable data allow an understanding of where
the practice has been and where it is going.

Good practice management decisions are founded
in facts. Facts are derived from observations of
day-to-day occurrences; yet, it is impossible to remem-
ber everything that has occurred without systems of
documentation and measurement. Even a good man-
ager cannot be everywhere at once. Concurrently,
data exponentially increase. Paucity of data is not
the challenge. The struggle is wrangling data into
manageable, timely, and usable chunks.

A significant practice-managed duty is that of
monitoring data trends as well as directing day-to-
day activities in accord with the overall practice
strategy. Data wrangling historically demanded
(and still does) much labor to isolate raw data
points, compute them into desired key performance
indicators (KPIs), compile them, and trend them.
Despite what feels like an overwhelming sea of data,
managing a veterinary practice by the numbers is
becoming easier because of increasingly seamless
applications to sort and present information in eas-
ily consumable visualizations.

Influence of Cognitive Computing and Business

Intelligence in Practice Management

Cognitive computing is the assimilation of massive
volumes of structured and unstructured data into
manageable content. Business intelligence (BI)
uses tools and techniques to deliver relevant, reli-
able, and real-time information with the goal of
making better decisions faster. BI takes a vast
amount of practice data and presents the informa-
tion in meaningful, actionable ways. BI applica-
tions include employee performance management,

customer experience feedback, operational analyt-
ics, data and text mining, predictive and prescrip-
tive process modeling, and much more.

With an increasingly nuanced ability to self-serve
and visualize real-time data, managers should seek
advantage through applications that allow system-
atic data collection and reporting. The valuable
time saved from manipulating data into usable for-
mats can instead be used to strategize operational
improvement and the employee training required to
enable it. Employees likewise gain timely feedback
on the results of their work efforts through mobile
applications.

Organizational Framework for Selecting Actionable Data2

Business intelligence tools and design are based in
well-known and established models. An especially
useful model for veterinary practice management is
the balanced score card.

In the early 1990s, Dr. Robert Kaplana and Dr.
David Norton at Harvard Business School published
a model for innovative strategic planning and per-
formance management: the balanced scorecard.
The model organizes a business into four equally
important themes. Each focused area is defined by
specific critical success factors that are distilled into
measurable targets and become the basis for action-
able data in the form of KPIs.

The balanced scorecard helps leadership clarify
the practice’s vision and strategy (which are often
rather abstract) and translate them into defined,
measurable activities that guide progress in creat-
ing value through investment in patients, clients,
employees, suppliers, processes, and technology.

The author’s firm modified Kaplan’s model for vet-
erinary practice implementation, calling it the Vet-
erinary Practice Scorecard (VPS) and used it to
design and plan specific tactics in each of the four
aspects of business focus:

● The patient care/internal processes perspective.
● The client perspective.
● The employee growth, learning and innovation

perspective.
● The financial perspective.

To maintain a healthy balance in leadership and
managerial effort, each perspective receives equal
attention and weight in the analysis. State objec-
tives for each aspect and determine metrics that will
most effectively measure progress and drive behavior
leading to successful accomplishment of the objectives.
Consider the questions posed for each perspective that
drive objective development (Fig. 1).

Figure 2 shows an example of a balanced score
card, demonstrating objectives, KPI choices and
measurement, targets, target gaps, and estimates of
target achievement.

In a real-time digital environment (think Smart
phone), the user would be able to click through on
any current KPI measurements to observe its trend
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over any period of time and obtain a comparison
with any prior selected period or date range. Self-
serve options are useful when seasonal practice
activity is a complicating factor to baseline compar-
ison, and alternate date ranges can clarify
interpretation.

The following examples of KPI trends use Excel
spreadsheet models, updated by month, and include
a moving trailing 12-month total (TTT). The TTT

trendline is extremely helpful for visualizing prac-
tice improvement or adverse changes that should be
quickly addressed (Fig. 3).

Many available business intelligence applications
are built on balanced scorecard modeling. The for-
ward thrust of these apps is to extract and combine
data from multiple databases within the business.
The apps knit the results together into effective data
visualization through virtual dashboards. Any

Fig. 1. Veterinary Balanced Score Card Model.

Fig. 2. Example of a Balanced Score Card Dashboard Design and Results.
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data relationship can be presented in various effec-
tive visual graphics, including shapes and colors,
that inform the user, who can also drill down to
underlying data with a click of the mouse. Nothing
is static; the aggregated data are real time.

The data dashboards integrate into the scorecard
presentations often in a simplified manner. Figure
4 shows an example of effective data visualization,
using a single KPI data point with its trend.

Moving from KPIs to Key Performance Drivers

Measurement is an ever present and important fun-
damental of practice financial health, but only some
measurements mean much. The measurements
most important to organizational progress are called
KPIs.

To see how a veterinary practice is evolving, mea-
surements, trends, correlations, and comparisons
are needed. KPIs that provide actionable insights
in real time are the lifeblood of business intelligence.

KPIs can be lagging, giving an historical perspec-
tive, and providing a reasonable prediction of future
activity. Forward-looking KPIs that prompt desir-
able employee behaviors and thus cause perfor-
mance change are called key performance drivers
(KPDs). These metrics shape desired activity to

Table 1. Examples of KPDs Affecting KPI Change

KPI Examples KPD Examples

Appointment numbers Client contact info collection

No show rate Text/email reminder & confirmation
completion

Employee turnover Number of employee relationship-building
events

Conversion rate website
inquiries

Time to respond to website inquiries

Workers’ comp claims Number of safety training hours

% Lab tests charged/lab
tests run

Number of lab procedure training hours

% Insured horses % of clients receiving information/assistance
with signup

Fig. 3. Examples of Trailing-Twelve Month-Total (TTT) KP trend analysis.

Fig. 4. Example of effective KPI visualization.
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attain objectives. A well-designed balance of KPIs
and KPDs support management guru Peter Druck-
er’s famous quote, “what gets measured, gets done.”

Use KPDs to improve behavior to hit pre-deter-
mined targets and the desired level of performance.

Some examples of KPIs and correlating KPDs can
be found in Table 1.

Obstacles to KPI Use in Managing a Practice

The primary reason for KPI problems and analysis
paralysis is a failure to use a disciplined methodol-
ogy, such as balance score card modeling and setting
defined strategic objectives that form the basis for
the KPIs your practice uses. Simply measuring the
data you always have or because it is easiest to
obtain results in underperformance. Likewise,
brainstorming KPIs without a purposeful vision is a
problem.

Successfully developing and implementing KPIs
is a disciplined process. Achieving any successful
business intelligence methodology for improvement
over time uses the defined process, such as the step-
wise KPI development graphic (Fig. 5).

Given that the long-term sustainability of KPI
implementation requires discipline, the critical fac-
tors for success are as follows:

1. Engaged practice leadership that is commit-
ted to the process.

2. Effective change management through lead-
ership’s concerted support of change, includ-
ing clear team communications of clearly
identified key steps.

3. Healthy practice culture using fact-based de-
cision making (rather than dependence on gut
instinct).

4. Intentional culture shift through learning to
use performance measurement methods
appropriately.

5. Strong project management skills for improved
execution of KPI implementation and use.

6. Employees supporting team focus on continu-
ous process improvement.

7. Long-term commitment to using KPIs to man-
age the practice.a,b

To gain competitive advantage, practice leaders and
managers should make continuous effort toward
data quality improvement via internal processes
and policies, use technology and machine learning,
and explore new options to streamline data collec-
tion and interpretation time.
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Staying Safe and Comfortable in Practice During

Pregnancy

Amy L. Grice, VMD, MBA

There are a number of hazards to pregnant women that are unique to veterinary medicine along with
some that are common to all workplaces. Awareness will assist you in staying safe and comfortable
during your pregnancy. Pre-planning for your absence from the workplace and education about your
rights will help both you and your practice during this time. Author’s address: PO Box 192,
Virginia City, MT 59755; e-mail: amyvmdmba@gmail.com. © 2020 AAEP.

1. Introduction

Once you are trying to become pregnant or have
confirmation that you are, you must take precau-
tions for your developing child. Working in a phys-
ically strenuous job during pregnancy creates a
higher risk profile, though it can also have benefits.
An overview of general risks and common issues will
provide a basis of awareness that can assist in max-
imizing the safety of your developing child and in-
creasing your comfort.

2. Discussion

General Risks

Each woman is an individual, and some will have
a higher risk tolerance than others, and each preg-
nancy will be different. Flexibility and good com-
munication will go a long way toward having a
smooth experience. All workplaces, including
those outside of veterinary medicine, can affect your
safety, even when you are not pregnant. Slipping
on a wet floor, tripping on a cord, lifting something
heavy, reaching overhead, using a stool or ladder,
and climbing stairs are all hazards that can cause
injury in most workplaces. Being pregnant exacer-

bates those general risks due to changes in balance
and hormonal softening of ligaments.

Traumatic Injuries

Ambulatory equine practitioners often drive 30,000
to 50,000 miles each year, increasing their risk of an
auto accident. Even those with less mileage often
multitask while driving, which increases the risk of
inattention to the road. Those veterinarians who
work in large-animal practice are also at risk for
injury simply from the size of the animals they treat.
Taking normal precautions may be inadequate, as a
pregnant woman has a changed balance and body
shape. Do not hesitate to utilize sedation and ask
for help in restraining animals for treatment.

“Various anatomic and physiologic changes of
pregnancy may alter the type of injury experienced
by pregnant women. These changes may also alter
the manifestations of given injuries and the treat-
ment required to re-establish maternal-fetal hemo-
stasis.”1 Trauma in pregnancy remains one of the
major contributors to maternal and fetal morbidity
and mortality. Potential complications include ma-
ternal injury or death, shock, internal hemorrhage,
intrauterine fetal demise, direct fetal injury, abrup-
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tio placentae, and uterine rupture. The leading
causes of obstetric trauma in the general population
are motor vehicle accidents, falls, assaults, and
gunshots. These injuries are classified as blunt ab-
dominal trauma, pelvic fractures, or penetrating
trauma.2 Unique to equine and bovine work are
kicks, strikes, and crushing by patients.

Lifting, Standing, and Long Shifts

According to the National Institute for Occupational
Safety and Health, heavy lifting, standing for long
periods of time, or bending a lot during pregnancy
can increase your chances of miscarriage, pre-term
birth, or injury during pregnancy.3 Consult with
your obstetrician about appropriate restrictions, if
any. Jobs involving high physical demands, such
as bending at the waist more than 20 times per day
or lifting objects more than once every 5 minutes,
may increase risks for adverse birth outcomes.
Pregnant women are at higher risk of an injury
while lifting due to differences in posture, balance,
and an inability to hold things close to the body
because of changing abdominal size. In addition,
changes in a pregnant woman’s hormones have an
effect on ligaments and joints in the spine. These
changes make a pregnant woman more prone to
injury from lifting heavy equipment or strenuous
work with patients.3

Generally, 25 pounds is the limit for lifting in
most healthy pregnancies, and past 20 weeks, this
amount decreases. Specific recommendations can
be found for recommended weight limits in early and
late pregnancy for 3 lift frequency patterns.4 In all
types of lifting, proper form is essential. Bend at
your knees, not your waist, keep the load close to
your body, and lift with your legs, not your back.
Avoid twisting your body while lifting. In the prac-
tice, use your assistant or a client to carry heavy
equipment, and be cautious with holding up hooves.
In the small-animal hospital, don’t try to lift heavier
patients by yourself.

Equine practitioners are generally moving around
frequently all day, which can ease muscle tension
and help prevent fluid buildup in legs and feet.
Elevate your legs whenever possible if you are expe-
riencing swelling. If you must be on your feet for
long periods of time, rest one foot alternatively
with the other on a stool or other slightly elevated
platform, wear comfortable shoes with good arch
support, and take breaks to sit down. You might
also consider wearing compression socks and loose
clothing.5

Nausea and Other Discomforts

Being pregnant can present additional physical
challenges at the workplace. To stay productive at
work, you must try to alleviate common pregnancy
discomforts. One of the most distressing of symp-
toms can be nausea and vomiting. It may be called
“morning” sickness, but it can hit at any time.
Studies have shown that women with nausea and

vomiting during the first trimester have a lower risk
of miscarriage than do women without these symp-
toms.6 Morning sickness affects around 80% of all
pregnant females.7 To ease nausea at work, avoid
your triggers as much as possible. Some odors in
veterinary medicine may be particularly difficult to
tolerate, and these differ from woman to woman.
Increase ventilation and avoid smelly things like
anaerobic abscesses, anal sacs, and parvo or rotavi-
ral diarrhea. It may help to snack often on crack-
ers and other bland foods, or drink ginger ale or
ginger tea. If you are vomiting, you will need to
maintain your hydration. If you are queasy, you
may want to prepare your client before you have the
need to rush out of the stall or exam room.

Handling the fatigue of pregnancy can be tough.
It might help to eat foods rich in iron and protein,
because fatigue can be a symptom of iron deficiency
anemia. Take short, frequent breaks if you can.
Getting up and moving around for a few minutes
outside may reinvigorate you. Or if you are on your
feet continually, spending a few minutes with your
eyes closed and your feet up also can help you re-
charge. If you are an ambulatory equine practitio-
ner, pull your truck over for a 5-minute catnap.
Don’t neglect to drink plenty of water. Cutting
back on activities that are not essential can help you
get more rest when your workday ends. Consider
hiring someone for domestic tasks or simply lower
your standards. Go to bed early in order to get at
least 8 hours of sleep every night. If you’re repeat-
edly feeling depleted, listen to your body and con-
sider cutting back on your work hours or the time
you spend standing. If you are still in an emer-
gency on-call rotation and are exhausted, consider
stopping until you return from your maternity leave.

Stress

Veterinarians are often perfectionists and feel
they should be able to perform at their peak at all
things at all times. This can result in feeling like
you are failing to be your best at anything you do.
In order to keep stress under control, be kind to
yourself. Growing a baby is hard work! Priori-
tize your tasks by making daily to-do lists and
consider what you could delegate or eliminate.
Maintain supportive relationships and share your
fears and frustrations. Find some time for delib-
erate relaxation, even if it is just 5 minutes of
meditation and focused breathing. Consider a
prenatal yoga class, if your health care provider
feels you are physically able. Rest. Many stud-
ies have shown the negative effects of stress on
your health.

Your Rights as a Pregnant Worker

Title VII of the Civil Rights Act forbids employers
with 15 or more workers on their payroll from
refusing to hire, discharging, or otherwise dis-
criminating against any person because of that
person’s gender. However, the Supreme Court
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ruled in a mid-1970s case that discrimination
based on pregnancy was not the same as discrim-
ination based on sex. As a result, the Pregnancy
Discrimination Act of 1978 was passed, which ex-
plicitly requires that all employers treat pregnant
and non-pregnant employees equivalently, both in
terms of benefits received and all other respects.
This act requires employers to treat a pregnant
employee the same as any other temporarily dis-
abled worker, if she is unable to perform her work
because of her pregnancy. Since the Americans
with Disabilities Act was passed in 1990, accom-
modation of employees with disabilities has been a
standard feature of antidiscrimination law for US
employers having 15 or more employees. Some
state disability laws are applicable to businesses
with just a few employees. Links to these state laws
are available at https://www.workplacefairness.org/
disability-discrimination-state-law.

Maternity Leave

Most veterinary practices do not offer paid mater-
nity leave. In fact, in the United States, 88% of
women do not receive any paid time off after giving
birth, and 25% return to work within 2 weeks of
giving birth.8 The disability after a vaginal birth is
considered to be 6 weeks, and a C-section, 8 weeks.
There is an increased risk of injury when returning
to work before this time.

You may wish to take out a short-term disability
insurance policy if you plan to become pregnant in
the future and are not covered under your employ-
er’s policy. Pregnancy, as well as the postpartum
period, is one of the most commonly covered “dis-
abilities” that prevent an employee from working.
Carefully evaluate the coverage you are purchas-
ing to be sure it fulfills your needs. Typically,
short-term disability leave policies cover 6 weeks
of pay at some percentage (up to 100% depending
on your policy) for a vaginal birth and 8 weeks of
pay for a Caesarean birth.

Inquire of your practice owner whether you can
accumulate unused vacation time from the previous
year to use in the current year for a maternity leave.
If not, at least try to save all your paid time off for
your leave. Begin saving some of each paycheck for
a year before your delivery. Just $50 a week will
add up to $2600 in a year. Every little bit will help.
Consider your budget for each month’s expenses and
make a financial plan for your anticipated length of
maternity leave. Because you can’t be certain
whether health issues for you or your baby will
arise, try to be generous in your planning.

With the current difficulty that practices are hav-
ing in finding and keeping veterinarians, leave pol-
icies may change in the veterinary industry. If you
expect to have a family, inquire about maternity
leave policies before accepting a position. If you are
currently working at a practice with no paid mater-
nity leave, consider negotiating for some. Remain-

ing healthy with minimal injuries will allow you to
stay in the career for the long haul.

Planning Your Return to Work

Because you cannot anticipate how you or your baby
will fare after birth, keep all discussions about the
length of your maternity leave tentative. Be honest
about your intention to return in a certain time
frame but be clear that this could be limited by
health concerns. If it is your health that is im-
paired, and your doctor has not cleared you to return
to work, you will be considered disabled. Then you
must be treated as any other disabled employee
would be treated. If your baby has health concerns,
perhaps you can return to work on a modified sched-
ule or delay your return. The individual circum-
stances of the practice will dictate what is possible.

If at all possible, plan to return part-time at first
for at least a few weeks, to allow both you and the
baby to adjust. You are much more likely to be
injured or have an auto accident when you are sleep
deprived. If you are generally in the on-call sched-
ule, see if you can return to it just 1 night a week at
first. But remember, your team members have
probably been picking up extra shifts in your ab-
sence, and their patience may be wearing thin.
Practices with many childless employees are often
less willing to accommodate the inconvenience of a
maternity leave with grace. Express your appreci-
ation for their sacrifice. Even though they may be
drawing more pay for more work, there’s a good
chance they would rather have the time off. Re-
member this as you adjust to your new life with a
child and try to express your respect for their need
for time away from the practice, giving it equal
weight to the time you need for your family.

3. Conclusion

Educate yourself about the risks in your workday
and the common hardships of pregnancy. Deter-
mine what areas concern you most. Most employ-
ers will be understanding, but not all. The practice
will be affected for about a year with each preg-
nancy, and as the child grows, the company may be
affected further with childhood illnesses, doctor’s
appointments and school events. Some family-
oriented practices celebrate those parts of life, and
others don’t. Remember that you have many
choices. It is your responsibility to shape the life
you want to lead.
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Veterinary-Specific Risks in Practice for Pregnant

Women

Amy L. Grice, VMD, MBA

There are a number of hazards to pregnant women that are unique to veterinary medicine along with

some that are common to all workplaces. Awareness will assist women working in veterinary

medicine to stay safe during pregnancy, and help their employers mitigate unsafe working conditions

for pregnant team members. Author’s address: PO Box 192, Virginia City, MT 59755;

e-mail: amyvmdmba@gmail.com. © 2020 AAEP.

1. Introduction

Whether you are an associate, an owner, or a staff
member at a veterinary hospital, once you are trying
to become pregnant or have confirmation that you
are, you must take precautions for your developing
child. Working in veterinary medicine increases
your risks due to possible exposure to radiation,
anesthetic gases, pharmaceuticals, zoonotic dis-
eases, and viruses or bacteria. An overview of
veterinary specific risks will provide a basis of
awareness that can assist in maximizing your
safety and that of your developing child. In ad-
dition, employers with a thorough understanding
of the risks veterinary medicine holds for the
young women on their team can better navigate
necessary accommodations.

2. Discussion

General Considerations

Since the first trimester is the time of the most
crucial development, avoiding risks in pregnancy as
soon as possible simply makes sense. In the veter-
inary field in particular, it’s important to share the
news of your pregnancy promptly to avoid exposure

to many workplace hazards. When you decide to
announce the news, make sure your boss is the first
one to know; you want her (or him) to hear it
straight from you, not through the office grapevine.
Schedule an appointment to tell her that you’re ex-
pecting and to let her know when your baby is due.
Keep your tone positive and upbeat, and don’t feel
compelled to share any overly personal details.
If you are the pregnant owner of a practice, it makes
sense to share the news with your team fairly early
for the same reasons. Generally, folks figure it out
pretty quickly on their own anyway, if you change
your work habits. While it may seem to be tempt-
ing fate to share this information so early, it’s in
your child’s best interest. If you are an employer of
women of reproductive age, it is recommended that
your employee manual state that employees should
report their pregnancy to their supervisor as soon as
possible, in order that information about possible
hazards can be shared.

Current occupational exposure limits were set
based on studies of non-pregnant adults. What is
considered safe for you may not be safe for your
unborn baby. A fetus may be more vulnerable to

364 2020 � Vol. 66 � AAEP PROCEEDINGS

BUSINESS OF PRACTICE: MANAGING THE HEALTH OF YOUR PRACTICE AND PERSONNEL

NOTES



some chemicals because of its rapid growth and de-
velopment, particularly early in pregnancy when its
organs are developing. Changes in your metabo-
lism also may increase how quickly you absorb some
substances. When pregnant, changes in your im-
mune system, lung capacity, and even ligaments can
increase your risk of injury or illness. In addition,
because of physical changes, the personal protective
equipment that you could wear correctly before
pregnancy, such as a lab coat or lead apron, may
now not fit properly.

It is important to discuss possible job hazards
with your physician. Although most women are
able to safely do their job throughout pregnancy,
sometimes they must adjust their job duties tempo-
rarily, or take extra steps to protect themselves and
their babies. Your ability to continue working
through your pregnancy depends on your overall
health, the health of the fetus, and what sort of work
you do. Many aspects of your job may be safe to
continue through the entire pregnancy. Others
may be fine at the beginning of pregnancy, but un-
tenable near the end. Later in pregnancy, some
duties may need to be changed or stopped. Some-
times your schedule or hours may need to be
changed. As you continue working, the goal is to
stay safe and comfortable.

Specific Risks in Veterinary Medicine

Radiation

While taking radiographs, you may be exposed to
small amounts of radiation. If you work in a mixed
practice, exposure can also occur with use of radio-
active iodine treatment for hyperthyroid cats or in a
hospital setting with the use of fluoroscopy. You
may decide to try to eliminate the risk during your
pregnancy by avoiding these duties, but for equine
practitioners, especially in smaller practices, this
may be impossible. If you choose to ask other staff
members to pick up your radiology duties, it makes
sense to discuss with your boss if there are other
ways that you can still be productive by picking up
other tasks. If you are the practice owner, don’t
expect others to work longer and harder to do these
tasks for you without some compensatory action.
This could be monetary, extra time off, or by you
performing some of their usual tasks.

For those who cannot avoid taking radiographs,
take steps to reduce the risk. Radiation exposure
during your entire gestation should not exceed 500
mrem. The most dangerous time for radiation ex-
posure is following conception (pre-implantation) up
to the eighth week of pregnancy.1 Many pregnant
women wear the same protective equipment while
taking radiographs as they normally do, including
an apron, thyroid shield, and lead gloves. How-
ever, because of changes in body shape, a wrap-
around lead apron may be better suited. In
addition, wearing an additional dosimeter badge at
the level of your uterus can provide more specific

measurements of exposure to the fetus. If you will
be taking radiographs while pregnant, review the
reports from your dosimeter badge for the last year
to ensure that your equipment and radiation safety
techniques are protecting you from excessive expo-
sure. As always, keep the time of exposure as short
as possible, maximize your distance behind the gen-
erator, or in hospital settings, be out of the room or
behind appropriate shielding.

In some equine practices, nuclear scintigraphy is
used for diagnostics because of its sensitivity and
noninvasive nature. A 99mTc labeled radiopharma-
ceutical is injected intravenously into the horse and
images are acquired immediately post-injection and
several hours later. Staff members are often in the
room with the horse during the acquisition process.
If you must be involved, avoid additional radiation
exposure in a clinic with this diagnostic modality by
wearing all recommended protective gear, and min-
imizing contact with the patient and patient’s waste
for 48 hours after the procedure.

Waste Anesthetic Gases

Waste anesthetic gas (WAG) exposure concerns
many pregnant health care workers in human as
well as veterinary medicine. Although a recent
meta-analysis concluded that occupational exposure
to WAG is associated with increased risk of sponta-
neous abortion, most of the studies included in the
meta-analysis were conducted before WAG scaveng-
ing had become a legal requirement, and none of the
studies attempted to establish a relationship be-
tween amount of exposure and magnitude of risk of
spontaneous abortion. The meta-analysis included
19 studies of various designs with anesthetists, op-
erating room physicians and nurses, dental assis-
tants, operating-room workers, hospital workers,
health workers, and veterinarians and veterinary
assistants as subjects.2 More recent studies have
demonstrated that “rates of spontaneous abortion
and low birth weight infants were statistically sim-
ilar among female veterinarians and lawyers,”2

leading one to conclude that WAG is being effec-
tively scavenged in most settings.

However, if you can smell anesthetic gas, the level
is entirely too high for safe exposure, whether you
are pregnant or not. Appropriate operating proce-
dures for safe anesthesia include always checking
the machine for leaks before use, ensuring the scav-
enging system is connected and operational, and
using a cuffed and properly inflated endotracheal
tube. The most dangerous times for exposure are
during induction and recovery. In order to allow
time for the system to be flushed through the scav-
enging system, once the procedure is complete, the
anesthetic gas should be turned off and the patient
maintained on high oxygen flow. This will help to
minimize exhaled WAG after the patient is discon-
nected from the anesthesia machine. Vapor respi-
rators can also be purchased and worn as an extra
barrier. If possible, swapping with a coworker dur-
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ing the recovery period can decrease your risk of
inadvertently being exposed by horses exhaling an-
esthetic gases on the way to or while in the recovery
stall. Because of the much greater risk of exposure
with mask and box inductions, pregnant employees
in mixed practices who utilize these methods should
avoid these entirely.

Bone Cement

Bone cement is the common term for the chemical
substance methyl methacrylate (MMA) (also known
as polymethyl methacrylate). Bone cement may be
used in various orthopedic procedures, particularly
in orthopedic or neurology specialty prac-
tices. Bone cement is a clear liquid with a very
identifiable sharp and fruity odor. It can be easily
detected at levels far below those considered to be
harmful to human health. In equine practice it is
commonly used as a component of an adhesive for
gluing on shoes, adding to the bottom of a cast, or
repairing hoof cracks.

Toxicity studies performed on animals have had
mixed results. Some studies have shown no serious
adverse effects to the fetus. Other studies have
found that pregnant animals exposed to very high
levels of MMA experienced fetal abnormalities.
These abnormalities included birth defects, issues
with bone growth, and an overall decline in fetal
weight. Because MMA carries a potential risk of
harm to a human fetus, it is commonly advised that
pregnant women avoid direct contact with MMA and
inhalation of MMA fumes.3

Pharmaceuticals

Some drugs prescribed to veterinary patients are dan-
gerous for pregnant women to handle. Common ex-
amples are diethylstilbestrol, chloramphenicol,
misoprostol, cyclosporine, altrenogesta, and dinoprost
tromethamine.b

Diethylstilbestrol is a synthetic female hormone
that is used to treat urinary incontinence in spayed
female dogs and was widely prescribed for pregnant
women from the 1930s to 1960s but was later found
to increase cancer risk in babies that were exposed.4

While there are few literature reports linking
the use of chloramphenicol in pregnancy to birth
defects, it has been associated with adverse effects
in the neonate as well as heritable genetic damage
and cancer.5 In addition, serious and fatal blood
dyscrasias (aplastic anemia, hypoplastic anemia,
thrombocytopenia, granulocytopenia) can occur af-
ter short-term or prolonged therapy. Chloram-
phenicol-associated aplastic anemia terminating in
leukemia has also been reported.6

Misoprostol may cause adverse effects on the de-
veloping fetus, miscarriage, uterine rupture, bleed-
ing, and death.7

Cyclosporine is an immunomodulatory drug used
to treat an increasing spectrum of diseases in dogs.
It is associated with premature delivery and low
birth weight in human infants.8

Altrenogest is an oral progestin used to suppress
estrus or as an adjunct to help maintain pregnancy
in mares. Skin contact must be avoided as altreno-
gest is readily absorbed through unbroken skin.
The product label warns that pregnant women or
women who suspect they are pregnant should not
handle this product, as accidental absorption could
lead to prolongation of pregnancy.9

Dinoprost tromethamine is used for estrus induc-
tion and synchronization in farm animals and
horses. It is readily absorbed through the skin and
can cause abortion in pregnant women.10

These are not the only pharmaceuticals that can
cause harm. Use care, read labels, and avoid han-
dling hazardous substances as much as possible.
If you do handle these drugs while pregnant, use
double gloves or consider wearing thicker chemo-
therapy gloves. Wash your hands thoroughly and
consider wearing a mask if handling tablets that
could result in dust inhalation.

Chemotherapy

Chemotherapy is designed to fight cancer by killing
fast-growing cells. Hence, these cytotoxic drugs
are very harmful to the fetus’s fast-growing cells.
Ideally, pregnant women shouldn’t interact with pa-
tients receiving chemotherapy or be involved in its
administration. If there is no alternative, at least
try to avoid the preparation of chemotherapy agents,
the mixing of IV fluids containing chemotherapeutic
agents and the injection or infiltration of tissues
with these drugs, such as the injection of an equine
sarcoid with cisplatin. Wear a gown and mask, as
well as double chemotherapy gloves when perform-
ing treatments, if you must perform this service.

The waste of patients receiving chemotherapy is
often toxic for a period of time as it is eliminated
from the body. To the extent possible, let others
perform clean-up of these patients’ cages or stalls.
Because certain chemotherapeutic agents are more
dangerous than others, it is prudent to learn as
much as you can about these drugs before handling
them, if you’re pregnant.

Formaldehyde and Formalin

Formalin is the name for saturated (37%) formalde-
hyde solution. Study results vary with regard to
the degree of risk that formaldehyde can pose for
pregnant women, but it is known to be a carcinogen,
and is linked to spontaneous abortion, congenital
malformations, and premature birth. Pregnancy is
a particularly vulnerable time for exposure to indoor
air pollutants such as formaldehyde. Avoiding con-
tact with formaldehyde and formalin is wise during
pregnancy.

Toxoplasmosis

Most pregnant women are aware of the dangers of
toxoplasmosis. The feces of cats may contain a par-
asite called Toxoplasma gondii, which can cause the
rare but serious blood infection. Toxoplasmosis can
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also be contracted by eating infected, undercooked
meat or by eating contaminated fruit or vegetables.
Interestingly, the most frequent exposure to toxo-
plasmosis is by eating undercooked pork.

If you have lived with cats for some length of time,
work in a small animal practice, or have eaten un-
dercooked pork, you may have already been exposed
to toxoplasmosis and developed immunity to it.
Pregnant employees may choose to be serologically
tested, because with a seropositive result, they are
not at risk of contracting the protozoa. For women
who are not immune to toxoplasmosis, exposure to
this parasite just prior to or during pregnancy may
cause the fetus to be infected. According to the
Organization of Teratology Information Services,
when infection occurs between weeks 10 to 24, the
risk for severe problems in the newborn is about 5%
to 6%. Effects on the baby include premature birth,
low birth weight, fever, jaundice, abnormalities of
the retina, mental retardation, abnormal head size,
convulsions, and brain calcification. During the
third trimester, a fetus has an increased risk of
becoming infected, but the risk of damage to the
fetus is decreased since most of the important devel-
opment has already occurred.11

During pregnancy, if you do not have immunity,
allow other people to clean litter boxes. It is always
wise to take sanitary precautions when handling
litter boxes, even if you aren’t pregnant. In addi-
tion, washing your hands thoroughly between han-
dling patients (as you probably already do) is simply
good biosecurity and good personal hygiene.

Other Zoonotic or Infectious Diseases

Exposure to or infection with diseases like rabies,
tetanus, C. difficile diarrhea, listeriosis, salmonel-
losis, cryptosporidiosis, plague, sporotrichosis,
methicillin-resistant Staphylococcus aureus infec-
tion, psittacosis, dermatophytosis, leptospirosis,
bartonellosis, and Q fever have all been docu-
mented in veterinary workers. Pregnant women
are more susceptible to certain zoonotic infections
owing to physiologic suppression of cell-mediated
immunity. Conditions to which pregnant women
are more susceptible include toxoplasmosis, lym-
phocytic choriomeningitis, brucellosis, listeriosis,
and psittacosis. Vertical transmission of certain
zoonotic agents may result in miscarriage, still-
birth, premature birth, or fetal congenital anom-
alies. The NASPHV Compendium of Veterinary
Standard Precautions is recommended as a re-
source to minimize these hazards.12 In addition,
the University of Wisconsin has a Web page de-
voted to zoonoses and pregnancy.13

3. Summary

Educate yourself about the specific risks in your
workplace. Discuss these risks with your obstetri-

cian and your concerns with the practice owner soon
after you find out you’re pregnant. There will be
many decisions to make, some of which will be dif-
ficult, but the detrimental effect of failing to take
precautions could cause a lifetime of difficulty for
your child. Together with your employer and phy-
sician, you can decide whether you need to take
special precautions or modify your work duties dur-
ing your pregnancy. You need to feel comfortable
with your choices.
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Overview of Racehorse Medications

Heather K. Knych, DVM, PhD, DACVCP

The use of therapeutic substances is necessary to effectively treat equine athletes; however, these

compounds must be used judiciously to ensure the welfare of the horse and integrity of horserac-

ing. Regulatory recommendations for drugs commonly administered to racehorses have been estab-

lished to help practitioners achieve this goal. Author’s address: K.L. Maddy Equine Analytical

Pharmacology Lab, School of Veterinary Medicine, University of California–Davis, Davis, CA

95616; e-mail: hkknych@ucdavis.edu. © 2020 AAEP.

1. Introduction

While the administration of therapeutic substances
is necessary for effective treatment of equine ath-
letes, equally as important is ensuring the safety
and welfare of the horse. This includes assuring
that injuries, which would otherwise keep a horse
from racing, are not “masked” by the administration
of drugs. To that end, the use of therapeutic com-
pounds in racehorses is tightly regulated. While
the oversight bodies differ depending on the disci-
pline, the goal of medication monitoring and anti-
doping programs remain the same. First, these
programs are meant to ensure the safety and wel-
fare of the horse and jockey; second, to ensure a fair
and level playing field/maintain the integrity of the
industry and third, in the case of horseracing, to
safeguard the public where pari-mutuel wagering
exists. In horse racing, many racing jurisdictions in
North America have adopted the National Uniform
Medication Program (NUMP) recommendations, a set
of regulatory recommendations (thresholds and
withdrawal times) for therapeutic medications meant
to encourage uniformity throughout the industry.
These recommendations are made by the Racing Med-
ication and Testing Consortium (RMTC) to the Asso-

ciation of Racing Commissioners International (RCI)
who then votes to incorporate them into the NUMP.
In 2015, the American Association of Equine Practi-
tioners (AAEP) announced that the organization fully
supports the adoption and implantation of NUMP in
all racing jurisdictions as part of the AAEP’s Prescrip-
tion for Racing Reform.1 As discussed in more detail
below for specific classes of therapeutic medications,
recently some racing jurisdictions within the United
States have begun to adopt/implement stricter medi-
cation regulations that are more in line with interna-
tional standards.

2. Therapeutic Medications Used in Racehorses

While certainly not an all-inclusive list, what follows
is a discussion of a few of the more commonly used
therapeutic substances in racehorses, including those
that have been of concern as of late.

Non-Steroidal Anti-Inflammatory Drugs

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
remain the mainstay of treatment for horses with
musculoskeletal pain and inflammation and as such
are arguably the most commonly prescribed medica-
tion in racetrack practice. These drugs are potent
anti-inflammatory drugs by virtue of their ability to
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decrease the production of inflammatory eicosanoids
(prostaglandins and leukotrienes), through inhibi-
tion of cyclooxygenase (COX-1 and COX-2) enzymes.
Compounds that have a greater selectivity for COX-2,
which is oftentimes associated with the signs of in-
flammation, relative to COX-1, the so-called house-
keeping enzyme, are considered to have a better
safety profile. There are currently six US Food and
Drug Administration (FDA)–approved NSAIDs la-
beled for use in the horse, including flunixin meglu-
mine, phenylbutazone (PBZ), ketoprofen, diclofenac,
meclofenamic acid, and firocoxib. While all are ef-
fective anti-inflammatory agents, they vary with re-
spect to their COX-1:COX-2 selectivity, as well as
pharmacokinetics properties.

While the use of this class of drugs is unarguably
imperative in veterinary medicine for the effective
treatment of pain and inflammation in equine pa-
tients, it is important that they be used judiciously
in racehorses. As a result of their potential to mask
injuries during racing or interfere with detection of
lameness during pre-competition fitness and lame-
ness examinations, the use of NSAIDs is highly reg-
ulated in racehorses. With respect to pre-racing
lameness evaluations, the examination may occur as
many as 14 hours prior to post time and therefore
concerns have been raised with respect to the regu-
latory examining veterinarian’s ability to effectively
conduct an examination if PBZ is administered
at 24 hours prior to racing (the current recommen-
dation under the NUMP). In 2015, the AAEP
recommended to the RMTC, a 48-hour restricted
administration time for NSAIDs as part of NUMP,
citing research supporting anti-inflammatory
effects lasting beyond 24-hours and emphasizing the
need to evaluate horses without the effect of anti-
inflammatory drugs effecting this decision. Al-
though not yet part of NUMP, within the last year,
select racing jurisdictions have adopted a 48-hour
stand-down time for NSAIDs.

“Stacking” of NSAIDs is a practice employed by
some racetrack practitioners. As only one NSAID
is permitted within 24 hours under NUMP, in this
scenario, a “secondary threshold” with a 48-hour
withdrawal time exists for the second NSAID. Ad-
ministration of multiple NSAIDs in close proximity
does appear to prolong the inflammatory effect in an
ex vivo model, assessing the effects of administration
of multiple NSAIDs, specifically flunixin meglumine
and PBZ on the production of inflammatory media-
tors in lipopolysaccharide (LPS) stimulated blood.a

Aside from the prolonged anti-inflammatory effects,
from an animal welfare standpoint, it should also be
noted that multiple NSAIDs may increase the risk of
and/or compound the adverse effects (i.e., gastric
ulcers) associated with administration of drugs in
this class. In keeping with stricter regulations on
the administration of NSAIDs in horseracing, the
RMTC has recently recommended eliminating the
secondary threshold to help end the practice of

“stacking” of NSAIDs and this recommendation has
already been adopted by some racing jurisdiction.

Corticosteroids

Similar to NSAIDs, the effectiveness of corticoste-
roids in the treatment of musculoskeletal and joint
pain and inflammation make them particularly use-
ful in racetrack practice. These extremely potent
anti-inflammatory agents are administered by both
intra-articular and systemic (IV, IM, and PO) routes
of administration. Intra-articular corticosteroids
are oftentimes formulated as esters (i.e., acetate,
acetonide), prolonging the residence time in the
joint. In order for the drug to elicit its pharmaco-
logic effect, the corticosteroid must be liberated from
the ester by enzymes present within the joint. As
this process takes time, formulating these drugs as
esters, gives them the properties of a “slow-release”
formulation. Similarly, in order for the drug to
leave the joint and enter the systemic circulation, it
must be free from the ester group. With respect
to exiting the joint, the corticosteroid leaves very
slowly, resulting in a disproportionately high con-
centration of drug in the joint compared to what is
detected in the blood. This suggests that the phar-
macologic effect in the joint is also prolonged and the
low to non-detectable levels of corticosteroid in the
blood are not a good indicator of what is occurring in
the joint. In one study with methylprednisolone
acetate, concentrations of drug in the joint were
detected for 70–77 days post administration, long
after drug concentrations were below detectable lev-
els in the blood.2 This finding supports previous
research, which demonstrates prolonged therapeu-
tic effects for most of the commonly used intra-
articular corticosteroids.3

Corticosteroid administration, both intra-articular
and systemic, are tightly regulated in horseracing.
Current recommendations under the NUMP is that
triamcinolone acetonide, isoflupredone acetate and be-
tamethasone be administered a minimum of 7 days
prior to racing and methylprednisolone acetate at 21
days. Some racing jurisdictions, at the recommenda-
tion of the RMTC have extended the intra-articular
administration time for triamcinolone acetonide, isof-
lupredone acetate, and betamethasone to a 14-day
stand-down period. Additionally, the RMTC recom-
mends prohibition of corticosteroid stacking, whereby
the presence of more than one corticosteroid would be
considered a violation.

Furosemide

Perhaps one of the most controversial topics in horse
racing, both nationally and internationally, is the
use of race day furosemide. Furosemide is admin-
istered to decrease the severity of bleeding associ-
ated with exercise-induced pulmonary hemorrhage
(EIPH), which has a reported incidence of 43% to
75% in Thoroughbred horses when examined within
2 hours of racing.4–7
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Studies of pharmacological interventions for EIPH
have focused primarily on decreasing the severity of
hemorrhage and to date, the only pharmacologic
intervention that attenuates the bleeding associated
with EIPH is furosemide.8 While the mechanism of
action is still unclear, furosemide has been shown to
attenuate the increases in pulmonary pressures as-
sociated with strenuous exercise, thus decreasing
the severity or incidence of EIPH.8,9

Due to the high incidence of EIPH in racehorses
and the potential impact in the short term on ath-
letic performance and over the long term on the
animals’ health, in many North American racing
jurisdictions, furosemide administration is permit-
ted as a preventative measure for EIPH up to 4
hours prior to post time, making furosemide the only
permitted race-day medication. Recently, many
racing jurisdictions are re-examining the allowance
of race day furosemide. Two studies describing the
effects of furosemide, administered 24 hours prior to
race, on EIPH scores and red blood cell counts in
bronchoalveolar lavage fluid had mixed re-
sults.10,11 One study conducted at the racetrack
using horses in active race training failed to demon-
strate a significant difference in EIPH scores or red
blood cell counts in bronchoalveolar lavage fluid
when comparing furosemide administered at 24
hours and a saline control.10 It should be noted
that the EIPH history of horses enrolled in that
study was unknown and the authors suggested per-
haps the outcome would have been different had
horses with a known history of EIPH been utilized.10

In the second study, investigators assessed the ef-
fects of six different treatment protocols, including
different doses of furosemide and with and without
water restrictions, on the mitigation of EIPH in
horses when the drug was administered 24 hours
prior to treadmill and racetrack exercise.11 Of the
six treatment protocols, a combination of 0.5 mg/kg
furosemide, administered at 24 hours prior to stren-
uous exercise in combination with water restriction
(6 mL/kg at 20, 16, 12, and 8 hours prior to exercise)
decreased the severity of EIPH.11 It should be
noted that the authors also recommended that a
larger study is indicated to fully evaluate this
protocol.

While currently, many racing jurisdictions do still
permit race day (outside of 4 hours prior to post
time) administration of furosemide, some have re-
stricted its use starting with horses turning 2 years
old in 2020. Additionally, the AAEP has supported
investigation of alternative management strategies
for EIPH with the intent of eliminating race-day
administration of furosemide should a more effica-
cious strategy become apparent.

Bisphosphonates

Bisphosphonates are potent anti-resorptive agents
that have been used for several years in human
medicine to increase bone density and decrease frac-
ture risk in individuals with osteoporosis.12–15 In

2014, the FDA approved two bisphosphonate prod-
ucts for use in veterinary medicine, labeled for the
treatment of navicular syndrome in horses greater
than 4 years of age. Prior to this time, bisphospho-
nates were used in horses in an extra label fashion
for conditions such as back soreness,16 hock osteo-
arthritis,17 and navicular disease.18

Despite the FDA’s Center for Veterinary Medicine
not recommending the use of bisphosphonates in
horses less than 4 years of age,19 anecdotal reports
exist of its use in this age group. While there are no
published reports describing the effects of bisphos-
phonates on the skeleton of growing horses because
they are known to inhibit osteoclasts and osteoclasts
play a role in bone development,20 inhibition by bi-
sphosphonates may have detrimental effects on nor-
mal bone development. Furthermore, as has been
reported in young human athletes,21 the adverse
effects of bisphosphonates on bone in juvenile horses
may be exacerbated if these young horses are under-
going high-impact exercise, such as race training.

The use of bisphosphonates in racehorses, regard-
less of age, is controversial.22 One argument in
favor of their use is that because bisphosphonates
are known to inhibit the effects of osteoclasts, that
administration may prevent weakening of bone and
thus the occurrence of stress fractures.22 However,
in Thoroughbred racehorses microcracks are known
to occur as part of high-intensity training,23 and the
first step in the healing process is resorption, which
is mediated by osteoclasts.24 It would then follow
that bisphosphonates, through inhibition of bone re-
sorption, may impair the normal healing process.
An additional proposed mechanism of bisphospho-
nate activity is inhibition of osteocytes which play a
role in osteoclast recruitment, further reducing the
ability of the body to repair microcracks,21,25 there-
fore adding to bone fragility. While not specifically
related to the healing of microcracks, studies in mice
and rats have demonstrated a delay in remodeling of
the cartilaginous callus in fractures when animals
were treated with bisphosphonates.26–30

It has been well established in humans that al-
though BPs have a short residence (and detection)
time in blood that they can remain in bone for
months to years.31 Recently, bisphosphonates were
detected in bone and teeth from horses administered
either clodronate or tiludronate at 4 and 30 days
prior to collection of samples.b Using a liquid chro-
matography–tandem mass spectrometry assay, both
bisphosphonates were detected in the right and left
molar, right and left radius, right MC3 and right
tuber coxae, providing the first evidence that similar
to humans, BPs reside in horse bone for extended
periods of time post administration potentially pro-
longing the duration of effect and inhibiting bone
remodeling in young athletic animals.

Bisphosphonates also reportedly have analgesic
effects. While the exact mechanism for this anal-
gesic effect has not been definitely determined, some
have theorized that it is due to either direct inter-
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action with neurons32 or inhibition of pain associ-
ated with active bone resorption.25 One group of
researchers have proposed that type 5 acid phospha-
tase (TRAcP5b), a marker of subchondral osteoclast
activity,33 may also be an indicator of bone pain
associated with osteoclast behavior in individuals
with osteoarthritis.33 One study in humans dem-
onstrated a significant decrease in serum TRAcP5b
concentrations following administration of the bis-
phosphonate alendronate.34 In horses, there are
anecdotal reports of analgesic effects lasting up to 30
days. Both clodronate and etidronate have been
shown to have analgesic effects in mice.32

Due to concerns regarding the use of bisphospho-
nates in young animals in active training, where
bone development and remodeling are of great impor-
tance, some racing jurisdictions have adopted a policy
prohibiting the use of this class of drugs in racehorses.
Additional research on bisphosphonates in horses is
needed to fully understand the effects on bone remod-
eling and development.

3. Concluding Remarks

Judicious use of therapeutic substances in racetrack
practice is imperative to ensure the safety of equine
athletes and regulatory recommendations are
meant to aid the practitioner in this endeavor.
Regulatory thresholds for therapeutic drugs are set
at a concentration in which the drug has no or min-
imal pharmacologic effect and that which can be
effectively regulated. In many North American
racing jurisdictions, a pharmacokinetic study is
conducted, and a statistical approach is then used to
establish a withdrawal time that is representative of
the time that drug concentrations will fall below the
threshold value, plus a statistical margin of safety.35

When utilizing these recommendations, it is impor-
tant to note that they are based on a specific drug
formulation, route of administration and dosage and
therefore if treatment deviates, it may be necessary
to extend the withdrawal time accordingly. It is
also imperative that the treating veterinarian do his
or her own risk assessment based on relevant clini-
cal factors and that the regulatory recommendation
be adjusted accordingly.

Lastly, the preceding discussion includes only a
small subset of therapeutic drugs used in racetrack
practice, and discussion of additional therapeutic
medications, including regulatory recommenda-
tions, can be found elsewhere.
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1. Introduction

In North America, professional horse racing is
entirely regulated by the individual states. Each
state has legal authority over pari-mutuel wagering,
by which all bets of a certain category are placed
together in a pool; excise taxes and the house share
(i.e., margin) are deducted from the winning bets.
The original intent of funds collected from pari-
mutuel excise taxes were to support rural and
agricultural economy. As a consequence, equine
drug testing/anti-doping regulations are controlled
through adopting Model Rules and by redrafting the
rule language to ensure these are suitable for indi-
vidual states. Each state has its own legislature,
therefore each jurisdiction may have different re-
quirements for changes to Model Rule language.
For example, some state guidelines are statutes
while other states use regulations. Statutes are
laws made by the legislature and regulations/rules
are adopted by Commissions/Boards to fill in the
gaps of legislation. State codes are books where
similar subjects (statutes/laws) are grouped to-
gether. Regardless, each process has unique re-
quirements when notifying the public of any rule

change; additionally, there are built-in timelines per
state law for approving and enacting these changes.
There are numerous examples where these different
processes create delays in Model Rule implementa-
tion, and frequently there are unintended language
discrepancies between states.

Currently, standardized methods for equine
anti-doping laboratories do not exist. All Racing
Medication and Testing Consortium–accredited lab-
oratories perform the initial testing procedure or
screening of performance-enhancing drugs using
both gas chromatography and liquid chromatogra-
phy, coupled with mass spectrometry. In general,
these nontargeted techniques acquire the essential
data to monitor large numbers of substances. In
doing so, they provide coverage for nearly all prohib-
ited pharmaceuticals. In most jurisdictions, urine
and blood samples are analyzed using advanced LC-
high-resolution accurate mass spectrometry, LC-
HRMS,a to acquire the necessary data for small-
molecule drug detection. LC-HRMS is now the
most important screening technique used in equine
anti-doping laboratories. Personnel training is
critical as typical processing involves manual as-
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sessment of thousands of data files, requiring signif-
icant personnel time to review and evaluate
individual chromatograms and spectra per file.

2. Define Roles of the Anti-Doping Laboratory

Horseracing anti-doping programs test for more sub-
stances and at lower limits of detection than any
professional or amateur sport, including the Olym-
pics. While racing establishments may logically
consider the racing chemist only in relation to rou-
tine analysis of urine and blood samples, the impres-
sive amount of research work also carried out each
year should not be overlooked. It is true that the
primary function of the racing laboratory is the
routine testing of pre- and post-race samples. How-
ever, before this can be efficiently accomplished,
many months of carefully organized research and
validated work have to be completed by qualified
scientists. Equine pharmacology is an under-
funded discipline in veterinary medicine. Of late,
resources previously dedicated to support exercised
horses for targeted projects have been substantially
decreased or eliminated entirely. The most produc-
tive research conducted in equine pharmacology in-
volve well-designed studies, precise execution and
comprehensive data analysis. The administration
of drug targets to university-owned research horses
is the foundation for obtaining accurate pharmaco-
kinetic and pharmacodynamic information. Only
then can research samples be effectively utilized for
improving extraction methods, increasing sensitiv-
ity of techniques, developing methods for new drugs,
and adapting new instruments to this highly spe-
cialized type of analysis.

Monitoring Medication Usage of Racing Population

Analytical Capabilities and When to Use the Most
Sensitive Method

One of the primary responsibilities of racing offi-
cials charged with the regulation of racing is to
ensure that the sport is conducted without any ille-
gal external influence and with impartial judgment.
This responsibility is shared to some degree by ev-
eryone involved in racing and all those interested in
the continued well-being of racing as a sport and a
business. Foremost among these responsibilities is
the prevention of prohibited practices and the de-
tection and punishment of those misguided per-
sons whose decisions may compromise the sport’s
integrity. Few of these practices are more detri-
mental to racing in the eyes of the public than the
use of a drug with the intention of altering the
performance of a horse during a race. It follows
that those concerned with the reputation of racing
and with its honest conduct can leave no method,
which offers promise of providing an effective
weapon against those determined to cheat,
unexplored.

The concept of threshold values for therapeutic
substances was introduced in the early 1990s. The

California Horse Racing Board authorized “decision
levels” for 8 therapeutic medications. In the past 3
decades, racing authorities have employed different
approaches to doping control of therapeutic medica-
tions. There are 4 basic ideological approaches; 1)
zero tolerance, 2) permitted medication (thresholds),
3) screening limits, and 4) restricted administration
time. Prior to development of thresholds for ther-
apeutic medications, veterinarians and equine phar-
macologists had their own opinions about agents
and their effects on performance. Creating the
concept and framework for evaluating therapeutic
thresholds has provided a useful foundation for ex-
change of knowledge among experts, as well as valu-
able information for horsemen and regulators.

Zero tolerance, terminology often embraced by
laymen, is an old approach used widely in Europe.
This approach implies that the qualitative detection
and confirmation of a prohibited substance would be
all that is required to invoke the rule. In general,
there is no reference to any quantifiable concentra-
tion, thereby making it immaterial if the substance
is present in milligrams, nanograms, or femtograms
per milliliter. The inherent problems are evident
but not limited to the following: 1) naturally occur-
ring substances (e.g., morphine and scopolamine), 2)
prolonged elimination times for some therapeutic
medications, 3) limited information regarding new
therapeutic medications, and 4) variable methodol-
ogies/capabilities between laboratories. More re-
cently, the majority of regulatory agencies have
come to the realization that zero tolerance is scien-
tifically and morally flawed with regard to many
substances.

Permitted medications is often the term associ-
ated with therapeutic medications with a detection
time exceeding the pharmacological effects most
associated with a therapeutic dose. With this
approach, the regulatory body establishes a “thresh-
old” concentration, which is determined from phar-
macokinetic studies. Concentrations in regulatory
samples that exceed the threshold concentration
would then be considered a violation.

The term, screening limit, is the concentration of a
particular therapeutic substance in urine or plasma,
above which the racing laboratory would report the
sample as being positive. This ideology is used
throughout the world but is particularly popular in
Europe and Asia. This approach doesn’t require
the laboratory to report a measured concentration.
The racing chemist would only need to establish
that the sample contains a therapeutic substance
above the screening limit prior to conducting final
confirmatory analysis. The final confirmation does
not require quantitation analysis.

Analytical chemists require guidance with respect
to chemical agents with the potential for abuse and
therefore that are of the highest priority for method
development. In addition, the racing laboratories
require guidance on establishing detection level
(sometimes referred to as “threshold,” “reporting
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limit,” or “screening limit”) necessary to control mis-
use of legitimate therapeutic drugs. With input
from stakeholders and veterinary experts, the rac-
ing authorities establish the proper “limit” needed
to prevent threats to racing that involve improper
administration of drugs. Once the guidelines are
issued, the laboratories are then responsible for se-
lecting and applying the analytical method required
to best verify compliance. In these cases, the labs
use the fully validated quantitative methods re-
viewed and approved by an external accrediting
organization.

Sample Analysis is a 2-Step Procedure

Initially, all samples undergo a multi-stage solid
phase extraction procedure, followed by analysis us-
ing numerous screening methods. These screening
methods most often employ chromatography sepa-
ration coupled with mass-spectrometry detection.
This combination affords simultaneous identifica-
tion of thousands of compounds while providing
limits of detection in the low parts-per-trillion con-
centration. These extraordinary sensitivities are
advantageous for detecting prohibited substances
which have no therapeutic purpose in horse racing.
However, if interpreted incorrectly, such as in the
case of therapeutic drugs, these highly sensitive
tools can result in positive findings days to weeks
beyond any pharmacological effect. To avoid irrel-
evant findings for therapeutic medications, compre-
hensive standard operating procedures and method
validation must be routine in all racing chemistry
laboratories. A properly defined workflow includ-
ing sample preparation, sample analysis, and data
processing to meet predefined criteria are a mini-
mum requirement.

High-resolution accurate mass spectrometry is
particularly important for biological samples that
involve complex matrix (e.g., urine and blood).
Full-scan approaches permit detection of unlimited
numbers of analytes simultaneously. For a screen-
ing method aiming at detection of both target
analytes and unknowns, high-resolution instrumen-
tation is a distinct advantage.

Confirmation

The use of mass spectrometry for confirmatory anal-
ysis is mandatory in order to report a therapeutic
excess or prohibited substance finding, in effect
making this technique the gold standard for legally
defensible data. The analytical technique of mass
spectrometry is a measure of the mass-to-charge
(m/z) ratio of ions, with the ratio of the analyte
signal to the noise measured with a blank (back-
ground). Contemporary mass spectrometers can
operate in modes that provide very low background
noise and have the ability to detect individual ions,
enabling the extreme lower limits of detection (fem-
tograms � 1 � 10�15 grams).

Limit of Detection and Limit of Quantitation

The limit of detection for analytical procedures
is the endpoint of achievable determination by sta-
tistical based measurement of the target analyte
where the signal-to-noise is no less than 3:1. The
limit of quantitation is the achievable determination
by statistical-based measurement of the target ana-
lyte where the signal-to-noise is no less than 10:1.
When samples are analyzed the resultant data must
be evaluated to determine whether the therapeutic
medication is found and if administered within the
parameters set by the method validation studies.

Method Validation

In common with human testing laboratories, the
racing industry requires quantitative methods to
establish the concentration of an analyte relative to
a scientifically determined threshold medication.
These quantitative methods must be validated using
predefined acceptance criteria to characterize and
document performance limitations. Experimental
data must be collected to evaluate for accuracy, limit
of detection, limit of quantitation, linearity, preci-
sion, range, and specificity per US Food and Drug
Administration–recommended guidelines. In addi-
tion, it is a requirement of all quantitative methods
to estimate the measurement of uncertainty for the
procedure at the threshold value. Measurement of
uncertainty is used when reporting the range of
possible values within which the true value of the
measurement lies. Combining these validation
steps enhances the integrity of the analytical pro-
cesses and provides assurance to stakeholders re-
garding the reported findings.

3. New Emerging Trends/Threats

Proteins/Peptide

A wide range of unregulated peptide-based drugs
are now available through the internet with numer-
ous Web sites offering an infinite array of purported
performance enhancing products (e.g., proteins–
growth hormones [GH-somatotrophin], AOD9604,
Thymosin �4, Actovegin, Cerebrolysin, Hexarelin,
Dermorphin analogues, growth hormone-releasing
hormone [GHRH] analogues, GRF analogues, anti-
inflammatory peptides, etc.). In general, peptides
make poor drugs but they theoretically can make
good doping agents.

Peptides have poor bioavailability due to their low
diffusion rate across cell membranes. They are
rapidly degraded by endogenous proteases/pepti-
dases, rapidly secreted by the kidneys and exhibit
short half-lives after administration. All of these
characteristics make peptides a challenge to detect
in biological samples.

The bulk of these products are intended to stimu-
late cellular processes or mimic the effects of endog-
enous equine growth hormone, subsequently to
build muscle, bone strength and speed recovery from
injuries. The majority of the peptide products com-
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mercially available are untested but nonetheless en-
dorsed through anecdotal statements posted online
suggesting they have many different applications,
including to increase muscle mass, decrease fat,
decrease injury recovery time, restore structural
maladies, stimulate glucose uptake, and treat acute/
chronic illness. The ample supply of these com-
pounds provides unrestricted access to anabolic
peptides for abuse by dishonest trainers.

Biological emerging threats are listed below:

1. Equine somatotrophin—Elevate insulin-like
growth factor (IGF)-1 and insulin-like
growth factor binding protein 3 (IGFBP3)
production.

2. GH-releasing hormones (GHRH)—elevate GH
production.

3. GH-releasing peptides—Mimics GHRH
production.

The ideal goal, to counter these illegal biological
agents, would be to understand the specific cellular
processes that are affected when the drugs are ad-
ministered to the horses. To achieve this goal, the
biology of the drug class needs to be understood.
This is often done through the study of interaction
networks. The studies to establish effect must be
performed on a large cohort to evaluate each bio-
marker’s specificity. Then, an initial screening
method could be used to identify ideal biomarker
candidates without having to know the specific drug
(within a class) that was administered. The bio-
marker screening would include a specific panel of
targets (proteins in known pathways) from the en-
tire equine proteome and indicate critical changes
by identifying up/down regulation from what is con-
sidered the baseline proteome.

Biotherapeutics

Over the past 15 to 20 years, biological therapeutics
have become a large portion of the pharmaceutical
and biotech drug development pipelines. The num-
ber and variety of new, large molecule therapeutics
will continue to increase in the next decade. The
human market has many biotherapeutics targeting
arthritis, inflammation, and pain that are all local
targets for equine biotherapeutic molecules. This
expansion in the human field has led to a surge in
therapeutics in specialized veterinary disciplines.
Canine and feline oncology have already made prog-
ress with the introduction of numerous species-
specific therapeutics. The market is much smaller,
but the global players in equine healthcare are actively
adding new drugs into their development pipeline.

Large molecules present unique challenges for
anti-doping laboratories. Unlike the detection of
small molecules, which are often based on their
physical and chemical characteristics, biotherapeu-
tics frequently require extensive clean-up proce-
dures consisting of tryptic digestion and/or
immunochemical methodologies, such as antibody

purification. Further complicating matters, large-
molecule therapeutics often have endogenous coun-
terparts in matrix (e.g., erythropoietin). The size of
the analytical molecule (molecular weight) alone
presents an obstacle very different than small-
molecule drugs. For example, some biologics are
produced by cell culture, and each batch generates
unique outcomes; therefore, individual production
lots will vary slightly in terms of the molecular
structure, which will affect the end products. Con-
sequently, analytical method validation must be
linked to reference materials prior to validation ex-
periments, making the traceability of reference
standards even more important.

Genetic Practices (Gene Editing/Gene Doping)

Gene editing is a type of gene engineering, whereby
DNA is inserted, deleted, modified, or replaced
within the genome of a living organism. Gene ed-
iting is most commonly considered within the realm
of gene therapy research, with the aim of curing
disease by altering malfunctional genes. To date,
over 2300 gene therapy clinical trials have been
completed in humans focused on the treatment of
cancer and cardiovascular disease. However, like
pharmacological therapies, gene therapy has the po-
tential for misuse, specifically to enhance perfor-
mance in athletes. This has been recognized as a
risk to human sports for approximately the last 15
years. Gene doping poses a significant threat to the
integrity of horseracing, and without the develop-
ment of new methods, will go undetected. When
viral vectors carrying genes encoding certain pro-
teins are introduced into cells of the equine athlete,
those cells will begin to produce these proteins.
The cell will use endogenous components to pro-
duce these proteins, making the products virtually
indistinguishable from their endogenous counter-
parts. The most frequently used technique is the
so-called CRISPR/Cas9-system, which has fast
tracked a wide variety of applications including ba-
sic biological research and the development of new
therapeutics. Developing analytical methods to de-
tect gene doping has been particularly slow and
problematic since both the doping gene and the pro-
tein produced are likely highly homologous, if not
identical, to their organically occurring counter-
parts. To overcome this imminent threat, novel
methods must be developed, such as monitoring the
number of copies of gene within the cell. Baseline
data from genetically unmanipulated horses should
be collected, and the “normal” number of copies for
each gene of interest should be predetermined.
Candidate genes that may be targeted would likely
include those which 1) induce desirable changes in
the muscle phenotype to increase strength and im-
prove sprinting ability, 2) may increase oxygen de-
livery or blood flow to working muscles for enhanced
capability, 3) alleviate pain to resist fatigue and
improve post-race recovery, and 4) target mental
aptitude, e.g., proopiomelanocortin (POMC) gene.
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The real challenge is with the Biotech industry and
their aggressive growth strategies to identify new
gene targets. While only a small number of these
molecules will become US Food and Drug Adminis-
tration–approved drugs, the potential misuse of the
remaining unapproved candidates presents a big
challenge to the racing industry.

Phytotherapy (Herbal Medicine)

Phytotherapy is the use of plant extracts or prepa-
rations containing active drugs from plant origin
(e.g., cannabidiol [CBD]). Approximately, between
40% to 50% of pharmaceuticals registered for hu-
man use are natural products or derived from a
natural product. Well-known examples include as-
pirin, atropine, cocaine, digoxin morphine, and qui-
nine. Racing laboratories recognized the need to
determine a threshold for substances of dietary ori-
gin, even before thresholds were established for
therapeutic medication.

The World Anti-Doping Agency (WADA) expert
panel determined that CBD oil was not a cannabimi-
metic, and therefore is not prohibited under the
WADA Code. Conversely, the following year, the
United States Equestrian Federation (USEF) an-
nounced they would prohibit CBD and all related
cannabinoids. They stated CBD and its active
metabolites are likely to affect the performance of
a horse due to their reported anxiolytic effects.
They further noted that CBD is only one of 113
cannabinoid molecules that scientists have identi-
fied. Some estimate there could be a 100 or more
undiscovered cannabinoids. USEF’s position is
that any horse competing under USEF rules found
to have any form of a natural cannabinoid, synthetic
cannabinoid and other cannabimimetic in their sys-
tem at the time of competition will be in violation of
their rules.

The use of herbal remedies (e.g., dietary supple-
ments) is prevalent in humans, due in part to the
prohibitive cost of many prescribed pharmaceuti-
cals. Frequently referred to as “nutraceuticals,”
equine dietary supplements are widely used and
often viewed as a required part of equine welfare.
While these products are rarely harmful in their
intended form, many people presume that supple-
ments are safer than drugs. In spite of this belief,
there have been numerous cases when wrongly for-
mulated or contaminated supplements have caused
positive drug tests in racehorses. Several findings
of xanthine alkaloids (e.g., caffeine, theophylline,
theobromine) have been reported and were attrib-
uted to nutritional supplementsb or feed contamina-
tion (e.g., bakery biproducts). There have been
numerous positive reports of ephedrine that were
attributed to herbal products containing Ephedra.
One product,c resulted in 9 positive cases in Califor-
nia. Other examples include the use of Chinese
herbal remedies at racetracks. These products are
not permitted since they are potential sources of
drug violation largely because of the lack of regula-

tion of the facilities used in the manufacturing
process.

Implement Out-of-Competition Testing Protocol (Industry

“Best Practices”)

Various means have been proposed for the purpose
of keeping a horse off the track that has been given
a drug. Several approaches for out-of-competition
testing prior to the race have been implemented in
many states, many of which have been met with
substantial resistance from horsemen’s organiza-
tions. Any pre-race test of this sort, to be practical,
must conform to certain requirements. First, since
the results will be used to prevent horses from com-
peting in races for which they have been entered, the
test must be accurate, validated, and legally defend-
able. No innocent trainer will accept having their
horse scratched because of the “possible” presence of
a drug, and they would justifiably resent the implicit
smear on their reputation and character. There-
fore, any out-of-competition testing method result-
ing in regulatory action must be capable of detecting
and identifying the drug beyond reproach. Train-
ers utilizing performance enhancing-substances to
alter outcomes, create an unfair advantage and un-
dermine the confidence in the competitors and the
sport. The end goal is to protect horse racing
events by creating the strongest possible deterrent
to prevent competitors from any improper behavior.

4. Concluding Remarks

Medication Uniformity Throughout North America

The existing equine drug testing industry has
struggled for many years to maintain effective
anti-doping programs throughout the United
States. The allocation of testing funds each state
receives has been unchanged for many years.
As a result, inflation results in rapidly declining
relative funding. In addition, there has been no
additional funding for most states’ mandated test-
ing or new testing technologies, and funding for
research or quality improvement is inadequate.
Consequently, several equine labs have not been
able to invest in updated facilities or equipment,
resulting in deficiencies reported by external au-
ditors and delayed accreditation.

One mushrooming criticism of horse racing in the
United States is that there is no centralized regula-
tory organization. As discussed previously, one ar-
gument is that since each state has control of its own
medication regulations, uniformity for testing and
enforcement will never occur, and therefore the only
pathway to uniform rules would require federal leg-
islation. As a result, there have been two national
bills drafted and put in front of Congress, with the
intent to create a level playing field and protect the
welfare of equine athletes. If approved, these fed-
eral bills would strive to provide uniform anti-dop-
ing and medication control programs by establishing
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standards for the use of therapeutic medications and
oversight through a single national authority.
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Responsible Use of Medication in Performance

Horses/Racehorses

Jeff A. Blea, DVM

Regardless of discipline, a moral and ethical high ground must be considered when treating horses in

a competitive environment. Knowing the right action is simple, following through on that action can

be complicated and convoluted. The subsequent statement from over 3 decades ago remains quite

relevant today and serves as a navigational tool when it comes to responsible use of medication in the

performance horse or the racehorse. As an exercise, transpose the word veterinarian for organiza-

tion, and these words will become very personal and compelling. We must take care to maintain a

high level of awareness of why we exist as an organization, lest we lose our bearings in the midst of the

rapid pace at which things are changing and increasing in complexity. Equine practitioners exist as

an organization because of the horse and the medical and surgical needs particular to the spe-

cies. Further, this consideration serves as a virtually infallible standard against which to consider

all American Association of Equine Practitioners policy. If thought through to its ultimate conclusion,

whenever a question is answered based upon the welfare of the horse, the human principles involved

are also best served in the long run. We are here for the horse; to the extent that we are

responsive to that concept, we will prosper both as individuals and as an organization. Presi-

dential Address, James Coffman, 1986a. Author’s address: Von Bluecher, Blea & Hunkin, Inc.,

282 W Sierra Madre Blvd., Sierra Madre, CA, 91024-2312; e-mail: jbleadvm@gmail.com.
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1. Introduction

Medication use in the equine industry is under con-
siderable scrutiny by the general public, and in ef-
fect, is threatening the veterinary community’s
social operating license. The social license to oper-
ate has been defined as existing when an industry
has the ongoing approval within the local commu-
nity and other stakeholders, ongoing approval or
broad social acceptance and, most importantly, on-
going acceptance. It is consequently granted by the
community, hence, the social license to operate has
to be earned and must be maintained. Where is the
equine industry now and where does it need to be in

the next 5 years relative to medication in the per-
formance horse? Many believe that less is best.
However, the question remains: while ensuring
the survivability of the industry in which the horse
competes, what is best for the horse? Stakeholders,
including veterinarians, are recognizing that medi-
cation use in performance horses is no longer
deemed universally acceptable, despite scientific ev-
idence of benefit. Numerous industry attempts to
educate the public on the difference between thera-
peutic medication versus performance enhancing
medication have fallen in vain as permissive use of
medication in equine sport is becoming less and less
tolerated by society. The need to educate the public
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that therapeutic medication is necessary to main-
tain a healthy athlete is laudable yet it is becoming
more difficult to obtain validation from a non-
agrarian-based society. This is not a new frontier.
However, in the public lens, responsible medication
use in equine sport is becoming increasingly impor-
tant and the equine veterinary community must
adapt to a changing world if racing and performance
horse sports are to remain viable and relevant.

Rest assured that the sky is not falling when it
pertains to use of medication in performance horses.
That said, equine veterinarians are a trusted re-
source, must remain so, and must be tolerant and
accepting to public interest and concerns pertaining
to medication in the competitive equine athlete.
The focus of this presentation will be directed pri-
marily to the racing industry and its stakeholders,
whose utmost priority needs to be the safety and
welfare of the horse. However, many of the same
principles and concepts presented here can be ap-
plied to the majority of disciplines in the perfor-
mance horse industry as well.

2. Discussion

Medication issues in equine sport have been at the
forefront of veterinary medicine for many years.
In fact, medication issues in racing have been a
provocative issue since the inception of the Ameri-
can Association of Equine Practitioners (AAEP).
A headline in the Los Angeles Times read, “Cops
Ride with Vets” depicting the poor image of the
racetrack practitioner, thus serving as the primary
impetus of the founding members of the AAEPb.
For the past 60 years, medication use in racing has
been a recurrent topic of conversation and debate
with the results sometimes coming full circle. For
example, in 1965, the medication rule, which pro-
hibited the use of specific medications 48 hours prior
to a race, was abolished in California. Interest-
ingly enough, in 2019 due to political pressure from
animal rights activists, in conjunction with a media
crisis surrounding fatalities at Santa Anita, a 48-
hour medication rule was reinstated in California.

Throughout the years, and in large part due to the
service of many equine practitioners, model rules
and standards of practice were developed for com-
petitive equine sports, specifically horse racing.
The 1960 AAEP Guidelines contained the Policies
Pertaining to Medication of Race Horses, essentially
becoming the rules of racing at that time pertaining
to medication. In 1963, the premise of medication
uniformity and responsible use of medication had
already been born. According to Dr. Jack Robbins,
“If rules pertaining to medication could be more
clearly defined and standardized, the practice of eth-
ical veterinary medicine would be greatly simplified
and facilitated”c. Today, racing industry struggles
with the same issues as uniformity of 38 racing
jurisdictions adopting different sections of the Na-
tional Uniform Medication Program (NUMP) has
been challenging. NUMP, developed through the

work of the Racing Medication and Testing Consor-
tium, is designed to provide unprecedented reform
for horse racing in the areas of uniform medication
rules, penalties, and testing guidelines. Much
progress has been made, but because of differing
issues among states, more work needs to be done to
achieve medication uniformity in racing.

The horse show industry has not been exempt
from the perception of illicit drug use in medication.
As such, the first American Horse Show Association
(AHSA) Drug and Medication Rules committee was
formed in 1971 to address illicit drug use with med-
ication. Over the years, governing bodies such as
Fédération Equestre Internationale (FEI) and
United State Equestrian Federation (USEF) have
diligently attempted to provide medication guide-
lines that are responsible and in the best interest of
the horse. They have for the most part been suc-
cessful in establishing regulations in performance,
while protecting the horse, and ensuring the integ-
rity of fair competition. However, due to the short-
coming of inappropriate human competitiveness and
the desire to prevail and gain monetarily, these or-
ganizations must remain steadfast in their regula-
tory efforts to maintain stakeholder confidence.

In racing, the Racing Medication and Testing
Consortium, established by the AAEP in 2001, has
been the most impactful and relevant organization
relative to rules and regulations in the last several
years. They have developed science-based industry
standards pertaining to medication withdrawal
times and laboratory standards. They serve as a
resource to industry stakeholders, specifically veter-
inarians and horsemen, when applying rules of rac-
ing in a practical manner. The organization
continues to be the most germane and progressive
organization in racing as far as rules, regulation,
and policy are concerned. Rules and regulation in
sport are mandatory, and with the current sophisti-
cated level of testing, they must remain practical
and fluid. The management of the aforementioned
aspects of fair competition in racing is dependent
upon veterinary practitioners and organizations
such as the AAEP.

Groups such as Racing Medication and Testing
Consortium, which are veterinary centric, provide
resources from veterinarians whereby the horse is
the central focus. Veterinarians are regarded as
the most trustworthy stewards regarding equine
safety according to a 2019 surveyd. Racetrack and
performance horse veterinarians must engage pro-
fessionally and politically to defend the horse. But
equally important, is the need to continually man-
age the veterinary profession in performance horses,
thus providing a means for social license to operate
as a professional entity within the realm of compet-
itive equine sports. The social license to operate is
constantly evolving and based on public trust. If
that trust is lost, veterinarians could potentially lose
the ability to maintain leadership in the equine
industry.
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Social license to operate is a subjective concept,
often used in the corporate world, and is essentially
based on an industry’s stakeholders, what they
think of equine veterinarians, in addition to public
perception of what veterinarians do. It is critically
imperative to maintain a significantly impactful so-
cial operating license in the racing industry if vet-
erinarians are to be at the stakeholder table to affect
change. Veterinarians need to be involved in med-
ication issues relative to the performance/racing
industry. However, it is paramount to demon-
strate a meaningful presence based on actions,
thereby strengthening a position as advocates of
the horse. In doing so, a social operating license
becomes validated and significant within the
industry.

This is accomplished by establishing a profes-
sional, ethical, and moral level of commitment to the
welfare of the horse and the integrity of an entire
industry. The legitimacy of equine practitioners in
the racing or performance industry facilitates their
credibility given by stakeholders and eventually
evolves into public trust. Public trust is necessary
for the racing industry and the performance indus-
try to survive. In order to provide that trust and
maintain a social license to operate as veterinary
practitioners, practitioners must remain ethical and
responsible in the use of medication, and at all costs,
put the welfare of the horse first; above financial
gain, recognition, and infamy.

Additionally, continual assessment of a social op-
erating license as a veterinary profession must occur
to ensure relevance to the horse and the industry
that is served. It is a dynamic process, and as such,
continual evaluation and measurement is needed to
allow for change, acceptance, approval, and provide
metrics of co-ownership of the veterinary social li-
cense to operate in the racing and performance
industry.

So begs the question, how does the veterinary
profession obtain and maintain social license to op-
erate? Over the years, veterinarians have been re-
garded as a trusted resource. How do practitioners
maintain that and continually develop that trust and
acceptance from the public and stakeholders?

The solution is relatively simple; however, it
requires change and continual evolvement in a
world that is (was) constant and familiar. Racing,
whether one recognizes it or not, will need a para-
digm transformation in order to survive. Equine
competition in general needs a cultural change if it
is going to continue to exist and thrive. Most
within the industry are reluctant to accept this.
However, how is horse racing destined to exist,
much less survive, in a world where horses die?
Horse racing, a multi-billion-dollar industry, cannot
survive in its current format.

Change needs to occur, and in an industry
whereby change is hard, it needs to occur post haste
to prevent a perilous outcome. Leadership, spurred
by the veterinary community, must lead this charge

based on science and fact, devoid of emotion where
possible.

3. Conclusion

The equine veterinary profession can affect change,
in essence a cultural change, in equine sport and
establish responsible use of medication in racing/
performance horse disciplines. As such, as a pro-
fession and an organization of equine practitioners,
racetrack and performance horse veterinarians have
a proven track record since 1954 of doing so. In
order to facilitate the industry to survive and thrive,
several important areas of interest need to be ad-
dressed and managed professionally by the veteri-
nary community. They include, but are not limited
to the following:

1. Ethics—As a profession, adherence to the pro-
fessional conducts of ethical principles estab-
lished by the American Veterinary Medical
Association (AVMA) and the AAEPe is critical.

2. Integrity—Represent the profession and the
industry with honesty and character.

3. Transparency—Maintaining and providing
complete medical records detailing responsi-
ble treatment is in the best interest of the
horse.

4. Accountability—Veterinarians must be ac-
countable for their actions and must defend
the reasoning for their actions.

5. Uniformity—Operating in a united manner is
necessary for the sustainability of the industry.

6. Compassion—Review the veterinarian’s oath
that was sworn upon graduation and never
lose focus on why veterinarians chose this
profession in the first place.

7. Morals—This defines, in conjunction with eth-
ical principles, the basis of the equine practi-
tioner’s social license to operate within the
industry.

8. Trust—Validate by actions the role of the vet-
erinarian as the steward for the horse.

As a profession, equine practitioners must prescribe,
administer, and treat based upon an accurate diag-
nosis, with a valid veterinarian-client-patient rela-
tionship (VCPR) in order to do what is best for the
horse. As veterinarians, it is imperative that ac-
tions and treatments are based on what is best for
the horse. The sustainability of the industry is se-
cured in that the welfare and safety of the horse is
the guiding principle, and the profession must never
abandon that principle. History has revealed that
responsible medication use in competition by veter-
inarians, whether it be in performance horse disci-
plines or racing, has been a contentious and
advancing issue in the public lens.

With the issues that occurred in racing in Califor-
nia in 2019, the industry stakeholders, including the
veterinary community, are recognizing the need for
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urgent change to secure the sustainability of the
racing industry in particular.

Change is often hard, but with change comes
growth. Racing, the performance horse industry,
and the equine veterinarian are in the midst of the
greatest change, and perhaps the most profound
growth that will ever be experienced in the equine
industry. It will require the commitment and ded-
ication of all industry stakeholders in order to be
successful. At the end of the day, the beneficiary of
this change and growth will be the horse. And isn’t
that what it’s all about!
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Role of the Veterinarian in Thoroughbred Racing

Safety

George D. Mundy, DVM

Musculoskeletal injuries cause the majority of fatalities in Thoroughbred racing and training

horses. Bone fracture is the most common fatal injury, with the fetlock joint accounting for 50–60% of

all fractures. Safety efforts are focused on mitigating the occurrence of fatal fractures. The veterinarian

is integrally involved in all aspects of these equine safety protocols as the attending veterinarian, race-day

official, or regulatory veterinarian and association veterinarian. Author’s address: Keeneland Association

Inc., 4201 Versailles Road, Lexington, KY 40510; e-mail: gmundy@keeneland.com. © 2020 AAEP.

1. Introduction

Racing and training injuries have always been a
concern and the focus of countless initiatives to im-
prove safety of the participants. Much progress
has been made in reducing injury rates; however,
clusters or specific high-profile incidents continue to
keep the issue of safety in the public conversation.
Recently, the preponderance of social media and
real-time fatality chronicling is challenging the in-
dustry to eliminate fatalities or face racings’ extinc-
tion. In North America, equine safety protocols
focused on reducing fatal fractures have been devel-
oped and implemented over the last 30 years, pri-
marily from the epidemiological contributions of
the California Postmortem Examination Program
(1990) and the Equine Injury Database (EID) (2008).

Evolution of Thoroughbred Racing Safety Protocols

In 1990, the increasing incidence of Thoroughbred
racing injuries resulted in the California legislature
establishing the California Postmortem Examina-
tion Program. The program mandates the nec-
ropsy of all equine fatalities at state-licensed racing
and training facilities. Early findings identified

pre-existing bone conditions in horses with fatal
fractures, leading to the implementation of nuclear
scintigraphy imaging at Santa Anita racetrack.1

An epidemiological cohort study, conducted in Ken-
tucky and reported in 1996, validated the official
veterinarians’ role in identifying horses at higher
risk of injury (“at risk horse”) based on prerace phys-
ical inspection findings.2–4 In 2008, the EID was
established out of a proposal first put forth at the
2006 Welfare and Safety of the Racehorse Summit.
Funded entirely by The Jockey Club and designed
and developed through its commercial subsidiaries,
along with leading regulatory veterinarians in the
United States, the national database records inju-
ries during racing and training, capturing 96% of
annual race starts in North America. Data from
the EID are instrumental for developing mitigation
strategies for injury prevention.5 For example, fac-
tors for horses at risk of fatal fracture are used by
official veterinarians to identify “horses of interest”
requiring extra scrutiny to determine soundness
prior to high-speed exercise (timed “work out” or
race).
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In 2012, the governor established The New York
Task Force on Racehorse Health and Safety6 in re-
sponse to a cluster of 21 racing and training fatali-
ties at the Aqueduct racetrack. The task force
concluded New York should modify several existing
critical protocols, including identification of pre-ex-
isting conditions, stand down period for intra-artic-
ular (IA) injections, restriction on other pre-race
medications, criteria for attending veterinarian in-
tervention, and the need for treatment records on all
horses.

In early 2019, The Stronach Group (TSG), owner
and operator of Santa Anita racetrack in California,
introduced several “house rules” as part of the En-
hanced Safety Procedures in response to a cluster
of racing- and training-related fatalities.7 These
rules included mandatory examination by the at-
tending veterinarian and intensified official veteri-
narian scrutiny of horses of interest prior to timed
work outs and race entry. This represents the first
time any organization has mandated that the at-
tending veterinarian participate in assessing the
horses’ suitability to safely complete high-speed ex-
ercise (timed work out or race).

The California Horse Racing Board issued a re-
port on 23 fatalities that occurred during the first 3
months of the Santa Anita race meet in 2019.8

This report examined each of the fatalities and pub-
lished key findings and recommendations in various
areas, including track maintenance, management of
the racing office, training practices, private veteri-
nary practitioners and practices, horse safety and
welfare, and regulatory veterinary procedures and
practices. A number of factors combined as caus-
ative agents; however, 21 of the 22 fatal fracture
cases exhibited signs of pre-existing pathology “pre-
sumed to be associated with high exercise intensity,
which predisposed these horses to catastrophic in-
jury.” Furthermore, 19 of the 22 fatal fracture cases
involved the proximal sesamoid bones of the meta-
carpophalangeal (fetlock) joint.8

2. Veterinary Safety Protocols—Identify Horses of

Interest

I. Pre-Existing Pathology—Greater than 85% of
fatal musculoskeletal injuries have pre-existing
pathology at the site of fatal fracture,9 and it is
estimated that 40 to 60% of fatal fractures world
wide involve the fetlock.10,11 Multiple factors
affect the accumulation of bone stress injury
(BSI) or bone damage that result in frac-
ture. These factors include the repetitive cy-
cling nature of training (galloping), the speed of
the horse during training and racing, and the
distances that racehorses train and race. Re-
petitive high-magnitude loads incurred during
training and racing exceed concurrent damage
removal and replacement, resulting in transient
periods of focal osteoporosis and bone weaken-
ing.12 Strategies to identify horses with clini-

cal signs or history of BSI, especially involving
the fetlock joint include the following:

a. Lameness—lameness associated with high-
speed exercise (timed work out or race) may be
indicative of BSI. The protocols inserting the
attending veterinarian for mandatory pre-
work/racehorse evaluation provides an oppor-
tunity for recognition and intervention in
the BSI process. Fracture can be prevented
by early diagnosis and adequate bone injury
management.12–15 The attending veterinar-
ian (racetrack practitioner) is perfectly posi-
tioned as the primary diagnostician of
lameness in these pre-exercise evaluations.

b. Previous injury—horses with medical history
of lameness within the preceding 3 months are
at a higher risk of fatal fracture.16 Fractures
occur during high-risk periods caused by
the events in the previous 2–3 months, al-
though sometimes 6 months to years, preced-
ing the acute fracture.4,11 The attending
veterinarian, as the primary care veterinar-
ian, possesses the critical patient history and
knowledge of prior medical procedures to best
diagnose lameness and establish a critical
pathway for resolution.

c. IA Injections—there was medical history of IA
therapy in 11 of the 22 fatal fractures at Santa
Anita8 and “…intra-articular corticosteroids
may have impaired veterinarians and trainers
from accurately assessing the horses’ sound-
ness leading up to a race” was a finding of the
New York Task Force.7

II. Risk Modeling for Fatal Fracture—The EID
annually publicizes statistical summaries of
racing injuries and significant findings of on-
going epidemiological studies. To date, over
20 factors for horses of increased risk of fatal
injury or fracture have been identified.17 Ex-
amples of horse-level risk factors utilized to
identify horses of interest include the follow-
ing:

a. 4-year-old or older non-starter
b. 120-day lay-off
c. Vet List appearance for “unsoundness”
d. Previous EID injury
e. Recent trainer change

3. Overview of the Veterinarian in Thoroughbred

Racing Safety Protocols

Official Veterinarian

Equine Medical Director (State Regulatory
Authority)

The equine medical director (EMD) is employed by
the state, commonly with a university position or
affiliation, serving as the chief veterinary steward
for the racing authority (commonly known as “com-
mission,” “board,” or “authority”). The EMD over-
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sees the equine drug testing program and provides
veterinary oversight, scientific and clinical exper-
tise, strategic planning, and recommendations to
the regulatory authority. The EMD acts in a su-
pervisory role to regulatory veterinarians perform-
ing drug testing, examinations to determine fitness
for racing and training, and emergency care for rac-
ing horses.

Regulatory Veterinarian (State Regulatory
Authority)

The regulatory veterinarian is employed by the
State Regulatory Authority with duties to enforce
the rules of racing. Regulatory veterinarians may
not engage in the veterinary care of racehorses,
horses in training, or any horses owned by individ-
uals licensed by the regulatory authority beyond the
scope of their duties. Specific duties include the
following: direct and supervise the collection of pre-
and post-race samples for the testing of horses for
prohibited substances, inspect and record findings
concerning racing soundness for horses entered, and
maintain the official veterinarian’s list (“Vet List”) of
horses that are ineligible to race because of sickness
or unsoundness.

Association Veterinarian (Racing Association)

The association veterinarian is licensed by the State
Regulatory Authority (as racing official) and is em-
ployed by the racetrack or entity that owns the race-
track. The association veterinarian enforces the
rules of racing (State Regulations) where appropri-
ate (as designee, and house rules as set forth by
the racetrack. They are also known as the EMD,
equine safety director, chief veterinary officer, or
track veterinarian.

Attending Veterinarian (Racetrack Practitioner)

The attending veterinarian is licensed by the State
Regulatory Authority (as practicing veterinarian)
and is employed by the horse owner or trainer.
All attending veterinarians administering drugs,
medications, or other substances are responsible for
ensuring that the drugs, medications, or other sub-
stances and the veterinary treatment of horses are
administered in accordance with regulations, rules,
and conditions for racing and training.

4. Safety Protocol Implementation—State Regulations,

Rules, and Conditions for Racing and Training

I. State Rules and Regulations (Regulation)—
Each state has an independent agency of state
government charged with the responsibility of
regulating the conduct of horse racing and
pari-mutuel wagering on horse racing and re-
lated activities within the state. The agency
(also known as commission, board, or author-
ity) enforces statues (laws) and the regula-
tions under these statutes. The agency
creates, modifies, and amends regulations
through the legislative process and employs

staff to perform and/or oversee regula-
tions. For example, most all states employ
veterinarians to perform and oversee drug
testing procedures. The legislative process of
creating or amending regulations requires
justification, the identification of funding
sources, set timelines for debate, and public
comment before becoming law. Therefore,
the timeline for implementation of regulations
can vary from months to years from state to
state.

II. Rules and Conditions for Racing and Training
(House Rule)—The racetrack association is
the business entity holding a license from the
State Regulatory Authority to conduct racing
and/or pari-mutuel wagering. The associa-
tion has inherent articles, policies, and proce-
dures to conduct racing and pari-mutuel
wagering. As a prerequisite for participation
(compete in a sanctioned pari-mutuel race) or
to have access to association stabling and
training facilities, trainers agree to and enter
by contract to abide by association rules and
conditions for racing and training (commonly
termed house rules). These contracts tradi-
tionally are included in the “entry document”
(horse nominated or subscribed to participate
in a pari-mutuel race) or the “stall application”
that the trainer completes for the allocation of
stabling at association facilities. By right of
“exclusion,” the act of preventing a person
from participating, entering, or remaining on
association grounds, the association enforces
these rules and conditions. House rules can
be implemented immediately at the discretion
of the racetrack. The Enhanced Safety Pro-
cedures enacted at California racetracks in
March 2019 in response to the cluster of fatal-
ities at Santa Anita were implemented imme-
diately by a combination of house rules and
emergency regulation.7

5. Race-Entered Safety Protocols

Risk Assessment: Identify Horses of Interest

I. InCompass Solutions “Pre-Race Veterinary
Exam” Software—InCompass Solutions, a
commercial subsidiary of The Jockey Club,
provides a central database that serves as a
platform for several industry initiatives,
including the EID and the Race Track Opera-
tions system. The Pre-Race Veterinary
Exam module is designed for use by official
veterinarians for the purposes of performing
and maintaining a database associated with
the pre-race and limb examinations performed
daily at racetracks. The aim is to provide a
history on each horse to enable official veteri-
narians to determine if an ailment is new and
should be watched carefully or is an old injury
that has had no ill effect on the racehorse in
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the past. Racing and work out history is also
provided to assist in making race-day deci-
sions on whether to allow a horse to race or
not.

II. InCompass Solutions “Targeted Algo-
rithms”—These custom daily reports are pro-
vided to official veterinarians using criteria
pertinent to individual racetracks or jurisdic-
tions. Each entered horses’ racing data, con-
tained in the Race Track Operations system
database, is screened for EID markers of in-
creased risk of injury, identifying horses of
interest. Horse-level risk factors include pre-
vious EID injuries, appearance on the Vet
List, and duration of time with same trainer.18

III. Mandatory Published Work Outs—Horses in
EID categories of increased risk of injury, as a
condition of race entry, require mandatory
timed work outs with added requirements
(i.e., official veterinarian pre-work examina-
tion, minimum distance and time, post-work
testing, and others). These mandatory work
outs are stipulated by regulation or house
rules.

IV. Training Patterns and Published Work
Outs—Individual horse racing and training
(published work outs) history is reviewed for
frequency, distances worked, and irregulari-
ties in work patterns indicating a potential
issue requiring additional scrutiny.

Medical History: Identify Horses of Interest

I. Daily Treatment Records—In most jurisdic-
tions, by regulation, Daily Treatment Records
are confidential records of treatments and pro-
cedures performed by the attending veterinar-
ian and are provided daily to the regulatory
authority. Attending veterinarian medical
records for individual entrants are reviewed
for treatments, examinations, or diagnostics
performed corresponding to training, and/or
race pattern irregularities.

II. Lameness Examinations and Diagnostics—
These procedures are documented in the
required Daily Treatment Records. The
trainer and/or attending veterinarian are re-
quired to produce individual medical records
(e.g., dates, procedures, and results) for en-
trants when requested.

III. Intra-Articular Injections and Electric Shock
Wave Therapy Treatments—By regulation,
these procedures are reported with a manda-
tory stand down from racing, enforced by
placement on the official Vet List.

Veterinary Examinations: Identify Horses of Interest

I. Attending Veterinarian Examination Within
3 Days of Entry—All potential entrants must
be examined by the attending veterinarian for
the express purpose of evaluating the horse’s
fitness to race as a condition of entry. The

evaluation must include, at a minimum,
watching the horse jog. The attending veter-
inarian records of the examination are docu-
mented on the Daily Treatment Records, or
individual medical records are made available
for review when requested.

II. Official Veterinarian Examination—Select
horses of interest are subject to examination
by the official veterinarian prior to race
day. Examination findings are recorded in
the InCompass Pre-Race Veterinary Exam
module, enhancing the pertinent medical in-
formation available for future reference.

6. Training Population Safety Protocols

I. Observed/Monitored Training—Official veter-
inarian observation and monitoring of horses
while training on association-provided sur-
faces has been a component of the Breeders’
Cup Veterinary Inspection Panel and other
selected events since 1993.19 In early 2019,
“Morning Training Oversight” by official vet-
erinarians was instituted in response to a
higher death rate experienced at Lone Star
Racetrack in Texas20 and as one of the
Enhanced Safety Procedures at Santa
Anita. Official veterinarians are present
trackside during training hours to observe the
population perform routine exercise ses-
sions. Horses exhibiting unsoundness or ob-
vious lameness are identified (“flagged”), and
the connections are notified. Official veteri-
narians consult with the attending veterinar-
ian regarding criteria for flagged horses to
continue or return to training. In some
cases, horses may be placed on the Vet List
and subject to specific requirements for
removal.

II. Mandatory Work Outs/Official Veterinarian
Examinations—Horses with specific risk pa-
rameters for horses of interest are required to
work out, with varied requirements depen-
dent upon the risk parameter. For example,
in California, unraced 4-year-olds are placed
on the Vet List and must complete a Vet List-
level work out (examination pre-work and
post-work by official veterinarian, minimum 5
furlongs in sub 1:03 and post-work drug test-
ing), in addition to other requirements for a
first time starter.

III. Attending Veterinarian Examination within 5
Days of Work Out—Included in the California
Enhanced Safety Procedures is a demonstra-
tion of the horses’ fitness to work prior to
speed exercise (published work out). The at-
tending veterinarian performs and records
the examination (the evaluation shall include,
at a minimum, watching the horse jog) on the
Daily Treatment Records or makes other med-
ical records available for review when
requested.
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IV. Forty-Eight-Hour Work Out Notice—Notifica-
tion of intent to work is a requirement of
the California Enhanced Safety Procedures
work monitoring program. Internal re-
views of past performance data and all avail-
able information from the horses slated to
work are used to identify individuals worthy
of further scrutiny (horses of interest). The
official veterinarian then works with all par-
ties to determine if the horse is approved to
work or whether another course of action is
required.

V. Out of Competition Testing—The state
regulatory body propagates regulations re-
stricting or prohibiting the use and admin-
istration of drugs or stimulants or other
improper acts to horses prior to the horse
participating in a race. Any horse eligible
to race is subject to testing without advance
notice for specified substances. A horse
shall be presumed eligible to race if (a) it is
under the care, custody, or control of a li-
censed trainer; (b) it is owned by a licensed
owner; (c) it is nominated to a race at a
licensed association; (d) it has raced at a
licensed association within the previous 12
calendar months; (e) it is stabled on the
grounds of a licensed association or a train-
ing facility; or (f) it is nominated to partici-
pate in a specified race (i.e., Breeders’
Cup). The definition encompasses the en-
tire racing population regardless of current
location.

7. Conclusion

More than 83% of racing and training fatalities are
attributable to musculoskeletal injury.21 An early
finding of the California Post-Mortem Examination
Program, which has been verified annually in the 30
years since the programs’ inception, is evidence of
pre-existing pathology in more than 85% of the fatal
musculoskeletal injuries. The finding of prior pa-
thology at the fracture site means most fatal injuries
are preventable.

To date, the Thoroughbred industry approach has
been to identify horses at a higher risk of injury
prior to racing. In fact, this risk modeling devel-
oped through the EID has yielded a 20% reduction in
the national fatal injury rate since the databases’
inception in 2008. Horses of interest are scruti-
nized on race day to determine suitability to start,
which is ultimately the decision of the official veter-
inarian. Practically, the question is “if this horse
starts, will it end in fatal injury?” If the answer is
“no” for every starter entered, then all horses would
compete in the race. In these cases, the official
veterinarian is correct 99.47% of the time (2019 EID
national fatal injury rate was 1.53 per 1,000
starters).

The cluster of fatalities at the Santa Anita race-
track in early 2019 led to the implementation of

house rules and Enhanced Safety Procedures. Par-
ticular procedures applied risk modeling by official
veterinarians to the training population and man-
dated that attending veterinarians evaluate horses
prior to high-speed exercise events (timed work outs
and races). The Enhanced Safety Procedures
yielded a 30% reduction in racing fatal injuries and
a remarkable 50% reduction in training fatal
injuries.a

Veterinarians implementing stringent safety pro-
tocols to the entire at-risk training and racing
population have the greatest potential to decrease
fatalities and improve the safety of racings’
participants.
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1. Introduction

Pathological shoeing and therapeutic shoeing are
terms often used interchangeably to describe special
shoeing required to address a variety of lower-limb
and foot issues to career- and life-threatening inju-
ries and disease. Pathological shoeing is a very
serious process that demands the greatest respect of
veterinarians and farriers. Obtaining success de-
pends on adequate preparation, knowledge of the
subject, strong principles, and skills of two highly
respected professional fields of public service. Rec-
ognizing the gravity of the specific issues and being
well prepared to think through the medical and me-
chanical requirements is paramount for success.
These two highly respected professionals must share
equal responsibility for the health of the foot, yet
they do not have a common thread of education,
knowledge, or skills required for collaborative
efforts.1

There is a steep learning curve for the veterinar-
ian/farrier team to shift from their routine daily
task to using radiographs as a guide for mechanical
solutions. The veterinarian must obtain working

knowledge of the foot and a basic understanding of
farrier principles and the farrier must become famil-
iar with radiographic parameters and how they
relate to the external landmarks of the foot. As
farriers learn to read and interpret the radiographic
information that relates specifically to the task and
veterinarians develop working knowledge of how
mechanics can offer medical benefits, the learning
curve begins to flatten out. Additionally, high-level
pathological shoeing requires considerably different
farrier supplies and equipment than most farriers
would normally have and a much larger time com-
mitment from both professionals. Without a thor-
ough understanding of the task at hand by either or
both professionals, success is left to chance. This is
the weakest link in pathological shoeing. When
both the veterinarian and farrier understand the
value of the mechanical thought process, the infor-
mation offers predictability and improved success
rates. The strategy for pathological shoeing
based on radiographic information offers unlim-
ited mechanical options that otherwise would not
be available.
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The rationale for this how-to session is the chal-
lenge that faces veterinarians and farriers that are
not accustomed to using radiographs to plan the
mechanical strategy. The objective is to describe
the basic methodology and consequences of using
radiographic data as blueprints when pathological
shoeing is required as a treatment for foot issues.

2. Visual Assessment and How It Relates to the

Mechanical Thought Process

The exam should first start with evaluating the ex-
ternal characteristics of the foot and should be per-
formed in a systematic fashion. The external hoof
capsule and the sole should be cleaned of all debris
to allow accurate evaluation. The evaluator should
focus on the dorsal face of the hoof capsule, coronary
band, ground surface, heel and heel bulbs, and pas-
tern plane and digital alignment relative to planes
of the foot. During the exam, it is important to
realize that there is a range of normal for hoof char-
acteristics that is dependent on the horse’s age,
breed, environment, use, and previous injury or dis-
ease. It is helpful to know what may be considered
“normal” for that particular foot in order to identify
subtle deviations from “normal” that are of clinical
significance. The hoof profile and growth ring pat-
tern can change every few millimeters and each
alteration is there for a reason. Growth ring pat-
terns, from toe-to-heel and medial-to-lateral and
sole growth describe the response to the nutrient
supply to the tubular and solar papillae. The horn
growth centers are in turn influenced by the me-
chanical forces within the foot, thus giving meaning
to the word, “mechanics”.

The mechanical thought process is not well under-
stood; therefore, success with pathological shoeing
in the past was routinely thwarted by the lack of a
means to develop a sound mechanical plan. Until
more recently, shoeing recommendations were with-
out a specific plan and as a rule were focused on
trimming the capsule in a fashion to make it appear
as if the ill effects of the issue suddenly were elim-
inated. Trimming and shoeing without regard to
the mechanical imbalance of forces that oppose in-
jured or diseased components can be counterproduc-
tive and result in escalation of further imbalance
that can become a devastating vicious cycle. More
recently, the perception of the foot as a mechanical
model with suspension and complementary support
components has made it possible to better under-
stand the cause and effect of the internal forces on
the healthy foot, as well as those with a variety of
pathological issues (Fig. 1). Through this model,
the distal phalanx is suspended within the hoof cap-
sule by the laminae, and its direct antagonist, the
deep digital flexor tendon (DDFT), whereby the
DDFT provides lift or suspension to the caudal as-
pect of the distal phalanx. The author has theo-
rized that the DDFT exerts considerable influence
on the digital structure and function and is thus a
key factor in many of the causes of pathological

distortion of the hoof capsule.2 This theory was de-
rived from the author’s years of clinical experience
and is supported by gross exam, radiographic and
venographic assessment, as well as monitoring
clinical outcome. This work suggests that there is
a consistent and direct correlation between the
amount of tension in the DDFT and patency of dor-
sal lamellar and the circumflex vessels in both
healthy feet and those with pathological issues.
It was also concluded that mechanical manipulation
could remarkably reduce DDFT tension and aid
reperfusion to compromised components and horn
growth centers, ultimately producing medical bene-
fits. Scientific in vivo biomechanical research could
further knowledge concerning the tendon theory.
The mechanical approach has provided an array of
efficient trimming and shoeing options that are de-
signed to offset or attenuate the offending force of
the DDFT as it opposes and/or influences the failing
antagonist or adjacent components.

3. The Value of Podiatry-Focused Radiographs

When used in combination with the external char-
acteristics of the foot, radiographs further enhance
and fine tune the clinician’s ability to identify and
monitor changes in the feet. Traditional foot radio-
graphs are taken with the primary beam centered
just below the coronary band with the purpose of
identifying pathology in either the coffin joint or
navicular apparatus. They fail, however, to pro-
vide information for the veterinarian-farrier team to
confidently or correctly assess the relationship of the
external landmarks (hoof capsule) relative to the
internal structure (coffin bone). Obtaining consis-
tent, podiatry-focused, “low-beam” lateral/medial
(LM) and dorsal/palmar/plantar (DP) radiographic

Fig. 1. This mechanical diagram is a very basic representation

of the suspension and support components of the foot. When the

foot is balanced, these components work in harmony and have the

ability to have full recall.
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images and a means to measure the soft-tissue pa-
rameters relative to the task to be undertaken are a
required precursor to the mechanical planning stage
of pathological shoeing.3,4 Crucial details regard-
ing the trim, shoe fabrication, and placement are
based on pertinent radiographic information. The
techniques for taking podiatry-focused radiographs
have been previously described by the author and
are represented in Fig. 2.3–5 Podiatry-focused foot
radiographs are typically taken with the shoes on as
it is important to understand how the previous shoe-
ing influenced the horn growth rate and pattern and
how the current trim and shoe relates to the soft-
tissue parameters and digital alignment. Under-
standing the sole depth prior to pulling shoes can
help prevent unwarranted pain and further damage
to feet with shallow and or convex soles and may
help anticipate the need for the application of pro-
tective boots prior to putting the foot down. The
views should be taken with both the front and hind
feet on blocks of adequate and equal height, so that
the cross hairs of the generator are at height of
approximately 1⁄2 to 3⁄4 inch (12–18 mm) higher than
the height of the positioning blocks. This assures
that the primary beam is aligned between the pal-
mar rim and the ground surface of the barefoot or
shoe, which should produce a radiograph with the
branches of the shoe superimposed over each other.
There are certain situations, which represent excep-
tions to this rule, where the shoe thickness, pads, or
excessive sole depth raises the palmar rim height
(sole depth) approximately 25 mm above the pri-
mary beam and requires the primary beam to be
raised. In this scenario, the branches of the shoe
will not be superimposed and so a second low-beam
LM will need to be taken so the branches of the shoe
are superimposed in order to accurately interpret
ground palmar angle (palmar angle [PA]; see below)
(Fig. 3) and digital breakover. Foot radiographs

taken in this fashion offer a more accurate and con-
sistent representation of the areas of interest than
the traditionally recommended “high-beam”-orien-
tated foot radiographs focused at the coffin joint
and/or navicular apparatus. Radiographs, espe-
cially foot radiographs, should be taken with a spe-
cific goal in mind, and sometimes that may
necessitate taking both high- and low-beam LM
and DP images, each with their own purpose in
mind.

There are several points that need to be addressed
in order to enhance the quality of images to avoid
misinterpretation of radiographic assessment sec-
ondary to radiographic artifacts such as distortion
and magnification. First and foremost, the user
should always seek to obtain radiographs on a flat,
level surface with the horse standing as squarely as
possible and the blocks positioned relative to any
toe-in or toe-out conformation to assure the best
representation of natural, static conformation, digi-
tal alignment, and joint surfaces. These tips addi-
tionally assure that the radiographic beam is
oriented perpendicular to the cassette to minimize
distortion. Magnification can be minimized by en-
suring a consistent zero subject-film distance (plate
touching the subject) and a consistent focal-film dis-
tance (24 to 28 inches). Magnification increases as
the distance from the cassette to the subject in-
creases or when the distance from the focal spot to
the object decreases. Magnification cannot be
avoided on the DP image due to interference with
the fetlock unless a palmar-dorsal image is taken.
Fortunately, measurements are not always required
on the DP image, so these are usually taken out of
convenience unless a specific reason arises. The
majority of digital x-ray units do not have a calibra-
tion aid to compensate for the magnification of the
parameters along the sagittal plane as the software
is designed to measure distance at the level of the
detector and are therefore not reliable. A known
length of metal placed on the sagittal plane and
another of identical length on the detector confirms
the need for the calibration device. Radiographic
markers should be applied to the dorsal hoof wall as
even with advances of digital radiography, there is
always some evidence of burnout (saturation arti-
fact) of the dorsal lamellar wall. The author pre-
fers to use a line of barium paste as it highlights the
contour of the dorsal hoof wall more accurately than
does a piece of wire or other metallic object. It
should be applied along the dorsal hoof wall starting
at the horn-coronary band junction; it can also be
used to accurately measure the relationship be-
tween the coronary crest and the extensor process.
Lastly, interpretation of radiographs should be
made with the knowledge of the most recent trim or
shoeing. A trim alone can initially change many of
the soft tissue parameters; however, these parame-
ters can slowly start to drift back to their original
measurements within a matter of days. Radio-
graphs from a horse that was recently trimmed

Fig. 2. Diagram of the correct way to take a podiatry-focused

LM radiograph. Note the limbs are placed on blocks of equal

height in a natural stance relative to its toe-out conforma-

tion. Barium paste is placed along the dorsal hoof wall, the plate

is placed adjacent to the foot, and the focal point of the generator

is centered 1⁄2 inch proximal to the bearing surface of the foot.
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would have a completely different interpretation
than a horse that was reset 6 weeks before and so it
is important to know and record the last trim or
reset.

4. Processing the Data

Obtaining the desired images is the first step toward
planning the mechanical goals and options. When
radiographs are obtained in a consistent fashion, the
user can then precisely and repeatedly measure the
soft-tissue parameters, identify the mechanical lim-
itations, and formulate a treatment plan. Soft-
tissue parameters that are of interest to the farrier
include sole depth, PA, bone angle, horn-laminae
zone, and digital breakover (Fig. 3). Medial-to-lat-
eral balance is also a parameter that can be esti-
mated from the LM image but best evaluated on the
DP image. The data is only as valuable as one’s
ability to process it in a manner that offers realistic
guidelines relative to the mechanical deficits as well
as viable reversal treatment options. When used
correctly and in conjunction with the external char-
acteristics of the foot, these parameters can shed
light on the mechanical deficit that often contributes
to the seat of the problem (Fig. 4). Having a diag-
nosis is great as long as the mechanical require-

ments of restoring healthy horn and other
suspension and support components are under-
stood as the presumably primary issue is treated.2

Sole Depth

Sole depth is the distance measured from the solar
margin at the apex of the third phalanx to the radi-
olucent border of the sole. This is typically a pa-
rameter that is routinely estimated by the farrier,
but a relatively accurate interpretation of the sole
depth can represent a challenge for even the most
experienced farrier. It is quite easy to know if it is
adequate, or in excess but knowing precisely the sole
depth distal to the apex requires a proper lateral
radiograph especially when it is extremely thin, 5 to
6 mm. Based on venographic studies, a sole depth
of less than 15 mm is considered clinically signifi-
cant. As the sole depth decreases, the solar papil-
lae are usually bent, compressed, or absent,
respectively. Inadequate solar papillae on veno-
graphic studies can translate to inadequate blood
supply and in the author’s experience, leads to poor
sole growth and ultimately creates a vicious cycle of
thin, tender soles. The lack of adequate foot mass
occurs for reasons other than at the hands of farri-
ers, therefore radiographic sole depth is an impor-

Fig. 3. A, LM image showing the relevant soft-tissue parameters: CE, coronary extensor process zone; HL Zone, hoof:lamellar zone;

DE Zone, dermal/epidermal junction; BA, bone angle; SD, sole depth; PA, palmar angle; DB, digital breakover. The PA, SD, DB, and

often the HL are altered with a typical trim. B, The low-beam LM reveals one branch of the shoe, two branches of the coffin bone that

indicates medial listing in this case, and accurate sole depth. C, High-beam LM with the same foot as in panel B, revealing two

distinct branches of the shoe that is superimposed over the sole and the wings are deceptively superimposed. A low-beam DP image

would verify the presence of medial listing.

Fig. 4. A, Positive PA with sole depth equaling the HL zone plus equal amount of cup. Note the calibration tool, radiopaque paste,

and the lucent zone between the paste and dorsal wall. B, Zero-to-one-degree PA, adequate sole depth, and cup of foot, slightly broken

back axis and calcification within the navicular suspensory ligament (a mechanical consideration). C, Negative PA, combination of

sole and cup is greater than the HL zone. Where are the most probable hot spots? Visualize the PA being dependent on the tension

of the DDFT as it regulates the pitch of these feet. The hoof apparently grows subsequent to the capabilities of the solar and tubular

papillae that are dependent on circulation.
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tant consideration before trim and equally
important after the trim when there is a specific
mechanical plan.

PA

The PA refers to the angle between the solar margin
of the distal phalanx and the ground surface. The
ground surface can either be defined as the ground
surface of the hoof capsule or the ground itself and
because of this there could be two separate PAs
(capsule PA and ground PA, respectively) depending
on the level of mechanics of the shoe. To obtain an
accurate assessment, both branches of the shoe
should be superimposed on the LM projection.
The PA alludes to the function of the DDFT and is a
very important consideration when designing me-
chanics. Increased suspension increases PA and
equivalent heel growth. This is consistent with
club feet that have a relatively healthy foot but
increased DDFT tension relative to the increased
contraction forces of the muscle belly (Fig. 5A).
Chronic laminitis has an increasing PA as the DDFT
challenges its direct antagonist, and the failing lam-
inae anchor no longer resists the relentless imbal-
ance of forces. In both of these conditions, there is
too much suspension, leading to sole papillae that
are compressed and not capable of growing adequate
sole. Clinically, a growth ring pattern that has a
remarkably wider distance between the adjacent

rings at the heel than at the toe is an indication of
increased suspension via the action of the DDFT
(Fig. 5B). On the other end of the spectrum, a
deficiency in the suspension components of the
foot is apparent when the adjacent ring spaces are
wider at the toe than heel. When this occurs, the
heel papillae are compressed and not capable of
growing adequate horn tubules. The dorsal tubu-
lar papillae remain uninhibited by load and subse-
quently grow excessive toe that is consistent with
the crushed heel, negative PA foot (Fig. 6, A and B).
Radiographic evidence consistently reveals the con-
sequences of sagging or excessive suspension and
gives support to the tendon theory.

The crushed heel, negative PA foot is one of the
most common problems that farriers and veterinar-
ians face and a study in mechanics. Farriers are
often accused of removing too much heel creating
the issue, radiographic evidence disconfirms this ac-
cusation. It has been thought in the past that the
tension on the DDFT steadily increases as the heel
is lowered. However, crushed heels and negative
PA feet have various degrees of broken back digital
alignment and when the pastern becomes more up-
right the distance from origin to insertion of the
DDFT remarkably shortens. This results in fur-
ther decreased tension and unrestricted blood flow
to the productive solar papillae distal to the apex of

Fig. 5. A, Soft-tissue parameters reveal useful information for the veterinary/farrier team. Note the PA is quite similar to the angle

between the diverging growth rings in panel B. B, The external characteristic describes the heel-to-toe ratio growth rate and is a

helpful reference, especially toward the end of the reset schedule.

Fig. 6. A, Note that the toe grew approximately twice as much as the heel over the past 2 months, increasing sole depth. B, Note

the similar negative angle, one branch of the shoe, and two wings of the coffin bone. Most often it will be the medial wing. A DP

view is required to confirm.
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the coffin bone. The lateral image consistently re-
veals an adequate sole along with a natural cup.
The lateral image also reveals some degree of coffin
joint luxation that supports inadequate tension of
the DDFT as a possible contributing factor.

These mechanical alterations are only discernible
with podiatry focused radiographs.

A helpful tip is that the frog trimmed to its natu-
ral base also lies along a very similar plane as the
palmar rim of the third phalanx. The linear area of
the deepest part of the sulci along the frog is quite
close to the same plane as the palmar rim. Paste
defining this area (sulci) on a lateral view can be a
helpful teaching aid as it can help guide the trim
plane that oftentimes is strikingly different than
that of a routine trim. An imaginary line that con-
nects a dot of paste placed at the skin frog junction
and another at the apex of the frog also will be in a
very similar plane as the palmar rim. Using these
landmarks helps the farrier develop an eye for a
more precise trim when specific goals are indicated.

Bone Angle

The bone angle is the angle made by the dorsal and
solar surfaces of the coffin bone. Why is it impor-
tant to measure bone angle? The answer is that
bone angles typically differ between right and left
and front and hind feet. Farriers are most often
expected to match toe angles as it is assumed that
all feet should match and be symmetrical. The old
saying, “assumptions and expectations are different
than fact,” is an understatement. Feet seldom if
ever match and certainly are not symmetrical inside
or out. The bone angle is approximately 50° in the
majority of feet however it can vary 10° to 12° less or
greater than 50°.

Exceptionally low bone angles are often the cause
for low toe angles in spite of adequate PA and sole
mass. The mismatched syndrome is prevalent in
most all breeds and it is common to find mismatched
bone angles, especially in the front feet that vary as

much as 10° or 12°. When the bone angle is re-
markably larger in one front foot than the other,
trying to match toe angles with a rasp can be a futile
attempt and go against the natural mechanical bal-
ance of the foot. It is not uncommon to find various
grades of club feet with 5° to 10° greater bone angle
than the opposing foot. Therefore, the commonly
termed “high/low” horse can have matching PAs yet
have toe angles that are 10° different. Attempts to
match them without this radiographic evidence can
be futile as well as detrimental. One should also be
aware of the bone angle relative to the capsule PA
when considering an inferior check ligament desmo-
tomy as a high bone angle (60°) and a low PA (5°)
will not offer favorable results due to the low PA
(Fig. 7, A and C).

As a rule, the majority of light-boned breeds have
a bone angle of 50° give or take a couple degrees,
although, much lower bone angles are also relatively
common (Fig. 7B).

Horn-Lamellar Zone

The horn-lamellar zone (HL) is defined as the dis-
tance between the dorsal surface of third phalanx
and the outer surface of the dorsal hoof wall, mea-
sured perpendicular to the dorsal face of the third
phalanx. It is commonly measured just distal to
the extensor process and near the distal tip of the
third phalanx. It consists of horn wall and
the opaque dermal/epidermal zone that borders the
horn and the laminae. Ranges of normal vary de-
pending on type and size of the horse and so this
measurement is best used when comparing serial
radiographs over time. It is also important to mea-
sure both the horn (H) and lamellar (L) zone sepa-
rately, as significant, life-threatening lamellar
swelling can occur without rotation. One must also
consider that the horn portion of the HL can be
drastically altered by the farrier in an attempt to
make the foot look normal and so measuring the HL

Fig. 7. A, Yearling with a Grade 2 club, 55° bone angle that was 5° larger than the opposite foot and a 15° capsule PA. This could

be a good candidate for the check desmotomy but will always have a slightly steeper foot than its opposite due to bone angle. B, This

foot has a 45° bone angle and a positive capsule PA but appears as a long toe underrun heel foot. C, This weanling had a 60° bone

angle, 10° greater than the opposite foot. HL zone, 15/10 mm and a 5° PA. The opposite foot had a 50° bone angle and zero PA and

15/10 HL zone. This was a 20° difference in hoof angles. This appearance would lead one to believe a check desmotomy was highly

indicated. Unfortunately, that would only result in a 5° advantage due to the low PA still leaving a 15° difference in toe angles,

therefore surgery would not be very beneficial both functionally and cosmetically.
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by itself can be misleading unless used in conjunc-
tion with other soft tissue parameters.

In the past, “capsule rotation” was considered pa-
thognomonic for laminitis; however, other common
foot issues result in horn alterations that may re-
semble laminitis at first glance, yet not involve
the laminae. For example, white-line disease fre-
quently has capsule rotation radiographically but as
a rule, the disease process is limited to the horn wall
and the laminae only become altered to some degree
in the ultra-chronic case. Clinically, white-line dis-
ease can resemble laminitis and require similar me-
chanical benefits as the wall is also an antagonist to
the DDFT, and once it loses its natural function due
to invading bacteria and fungi, the wall fails to re-
sist the relentless pull of the tendon. Radiograph-
ically, the gas line is distinctly different from white-
line disease as it is within the inner non-pigmented
horn, starts at the ground surface and has an erratic
pattern of destruction. The etiology of capsule ro-
tation and lesion intensity sets the stage for specific
shoeing recommendations and goals. The farrier
should be involved with formulating the mechanical
plan based on the radiographic data that relates
specifically to the trim, shoe design, and application.

Digital Breakover

Digital breakover is the distance from a vertical line
drawn at the tip of the coffin bone and 90° to the
point of break-over or the most dorsal location of
the solar aspect of the hoof or shoe that contacts the
ground. The point of break-over can be variable
based on whether or not the shoe is flat or has a
radius (rocker-type shoe). It is common practice to
back the toe up to enhance break-over and to make
the low-profile foot with crushed heel appear to have
a stronger toe angle. Unfortunately, it is not a
problem with the toe but a stark loss of heel mass.
The natural heel-to-toe ratio is out of balance and
reducing the strategic strength of the dorsal wall for
the sake of making the heel appear stronger can be
counterproductive. This practice fails to remark-
ably improve mechanics and it can be counterpro-
ductive (Fig. 8).

Medial/Lateral Balance

Balance is defined as even distribution of weight.
This term is frequently used by farriers and vets
with a wide range of interpretation based on a vari-
ety of external and radiographic reference points.
Even though subjective and without regard to sole
depth, bone asymmetry, and PA, it is commonly
thought that radiographic medial/lateral imbalance
of the solar rim of the coffin bone is the cause for
unsoundness. Therefore, oftentimes the farrier is
instructed or inclined to remove foot on the longer
side and/or add shims to the lower side in an effort to
leave the wings horizontal with the ground surface.
Unfortunately, when the foot has less than adequate
mass (depth of sole and heel) removing more sole
that is the first line of defense for the underlying

sensitive structures is counterproductive. Discre-
tion is due as there are more points of interest to
consider when assessing static radiographic bal-
ance. The DP view for podiatry issues requires as-
tute attention to assure the horse is standing as
square as possible, with each foot on a proper posi-
tioning block and with the head straight forward to
assure the most accurate representation of rim and
joint balance. The slightest shift of load will alter
both rim and joint balance. Coffin bone asymmetry
frequently occurs with toe out conformation. Often
there is less sole depth medial versus lateral and the
bone is remarkably smaller in the vertical and hor-
izontal plane than the lateral half. A large major-
ity of these will also have medial joint listing along
the same plane as the solar rim. Despite the ver-
tical bone asymmetry and/or medial listing, the joint
space will often be uniform. This description of
imbalance can be consistent with sound, top athletic
horses provided they have adequate foot mass.
A more descriptive term may be natural imbalance
as it is apparent that it is the result of permanent
congenital limb and hoof deformities that we aren’t
going to change but can manage the ill effects (Fig. 9
and Fig. 10).

The growth rings along the medial lateral quarter
will also reflect a despairing rate of growth between
them when load distribution is altered by undesir-
able limb conformation. The excessively loaded
side will have less distance between the rings.
This deficit in medial wall growth is consistent with
the lighter breeds that have toe-out conformation
due to a valgus carpus, outward rotation of the en-
tire limb (extorsion), or both. When the conforma-
tion defect is more severe, a pushed up or displaced
medial heel with this conformation can be seen as
well. The pushed up or displaced heel is often
erroneously referred to as a sheared heel. The
pushed-up heel remains firmly attached to the op-
posing quarter, whereas the sheared heel no longer
remains firmly attached to the adjoining heel bulb

Fig. 8. The lateral image reveals that the wall was backed up

with a rasp along the distal 2/3 of the dorsal face. Note the

location of the dermal/epidermal opaque line relative to what was

removed. The dorsal wall is the thickest and apparently the

most strategic part of the capsule and removing it has little if any

benefit.
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and can be quite easily manipulated proximately.
It has long been assumed by horsemen, farriers, and
veterinarians that the heel bulb is a reflection of
medial/lateral wing balance and correcting it using
the heel bulb length as reference requires lowering
that side of the foot. However, a DP radiograph
will reveal the opposite has occurred. The wing of
P3 is already lower and lowering further is counter-
productive. Radiographic information can be vital
for success as relying on external landmarks alone
can be misleading (Fig. 11). For example, the me-
dial and lateral sulci can be valuable landmarks for
the farrier as they attempt to balance the heels, but
only if the coffin bone is symmetrical. The sulci are
very close to the plane of the concave surface of the
coffin bone, as well as the wings that form the pal-
mar rim on radiographs.

5. Radiographs Are Not Just for Planning

Clients should be made aware of the value of radio-
graphic assessment throughout the mechanical ap-
plication as this information assures the detailed
plan is followed as closely as possible. Radiographs

before shoeing set the planning stage. Images pro-
duced during the trim and various stages in the

application of the mechanical aid are often indicated
even for the most experienced podiatrists. The im-

ages made of the final application are of utmost
value as they either confirm or disconfirm that the
plan was followed and offer baseline values for the
next exam.

Comparative exams should be performed with

each reset for the cases that remain in the healing
and or rehab status. By comparing images taken

Fig. 9. A, Right front natural medial listing of the palmar rim, coffin, and pastern joints with even joint spaces. Note also that the

metacarpophalangeal joint slopes medial to lateral. This is a distinguishing point of interest that confirms the left from the right foot

unless the images are flipped, another valid reason to never flip images. B, The left foot of the same horse in panel A. This is the

steeper foot of the mismatched pair; note the bone shape and the apex is remarkably lower than the wings, evidence of a higher PA.

There is evidence of imbalance as the medial side of the coffin and pastern joint is narrower than the lateral side. To balance the coffin

and pastern joints, the medial side of the foot should be lowered accordingly. C, This horse has an extensive medial listing of the

pastern and coffin joints and palmar rim. However, this horse becomes sound when the lateral side of his foot is lowered just enough

to balance the joints but not enough to make the palmar rim parallel with the sole. The external hoof characteristics offer no clue to

this degree of congenital imbalance.

Fig. 10. A, Asymmetrical coffin bone likely secondary to load-induced changes to the medial side of the coffin bone secondary to a

conformational wide stance. Note pastern angle and the symmetric joint spaces. B, The palmar rim is parallel with the ground but

there is narrowing of the coffin joint (circled in red). C, Hind foot with plantar rim balance but an asymmetrical coffin bone and second

phalanx. The above examples reveal the value of radiographic data when foot issues occur.
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at each reset it is possible to recognize where treat-

ments have worked and also when there is digres-
sion or no response. This can be particularly
beneficial in treatment of life-threatening syn-
dromes. Radiographs used in this fashion for path-
ological shoeing provide a progressive learning
curve for the veterinary/farrier team.

6. Conclusion

Career and life-threatening foot issues that require
pathological trimming and shoeing continue to be a
common occurrence in equine practice and requires
the services of a farrier to apply the mechanical
manipulation to the hoof via trim and/or shoe or
mechanical aid in an effort to enhance the healing
environment. Determining exactly what the far-
rier has to work with relative to goals and mechan-
ical deficits of specific suspension and/or support
components is critical to determining an appropriate
treatment plan for the horse. Consistently measur-
ing parameters as accurately as possible can help
develop the eye for the slightest alteration from that
of healthy feet of various ages and breeds. The goal
of the team is to develop instinctive skills that cor-
relate the internal parameters with external char-
acteristics. Using the image as a guide for
planning the trim lines and specifics of the shoe can
reveal flaws in the plan as well as other options.
Cellular phones that offer a pen are an asset for the
team to sketch their plans over the digital radio-
graphs. The farrier should understand the impor-
tance of processing the information to his or her
hands and the rasp. It is one thing to observe pro-

posed trim lines and a shoe superimposed over the
lateral radiograph but quite another to fully under-
stand that the trim should mimic the sketch. Tak-
ing lateral and DP views during the trim process
helps adhere to the specifics of the plan and prevents
over trimming that can drastically alter the plan as
well as the outcome. Understanding how to think
through the mechanical requirements and develop-
ing a realistic strategy is dependent on radiographs
that are critical for both the veterinarian and farrier
to know how to manage the case.
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1. Introduction

Despite significant research and recent findings
over the past decade, a complete understanding of
laminitis and its complex pathophysiological pro-
cesses remain uncertain. Preventative measure-
ments and strategies of this devastating disease
remain largely empirical and anecdotal with little
information from evidence-based medicine. Re-
cent technological advances offer some promises
towards the effective treatment or the rehabilita-
tion process of the laminitic horse. Laminitis can
be one of the most frustrating, but rewarding dis-
eases to treat. Anyone interested in working
with foot problems in the horse must have an
effective strategy for treating the laminitic horse.
It is these cases in particular which are in the
most need of veterinary expertise. There are a
few instances when there is the opportunity to
dramatically improve the quality of an animal’s
life. With the appropriate treatment approach, a
large proportion of laminitic horses can be reha-
bilitated to pasture soundness, light use, and even
some degree of athletic performance.1 However,
some advanced cases cannot be rehabilitated to an
acceptable level of comfort and therefore euthana-
sia is advised to prevent needless suffering.

If the distal phalanx continues to displace and/or
if the foot fails to show continuous improvement
defined as hoof growth with shoeing mechanics

alone, oftentimes a deep digital flexor (DDF) tenot-
omy is warranted. A DDF tenotomy is the fastest
way to counteract the forces at play and restore
perfusion and tissue mass to the dorsal regions of
the foot (Fig. 1). These feet generally respond with
significant distal dorsal sole growth at the tip of the
coffin bone over 4–6 weeks (Fig. 2).

One of the most significant developments not only
in the evaluation and treatment of laminitis but also
understanding the mechanics of the foot in general
has been the venogram: a simple but technique sen-
sitive procedure that allows visualization of the vas-
cular tree of the foot.2–4 The venogram has become
an invaluable tool that also allows visualization of
the effects of pathology and various treatment con-
cepts, making it one of the most valuable tools for
diagnosis and treatment strategy.5 The venogram
provides the first detectable evidence that confirms
laminitis, clearly distinguishing it from other syn-
dromes with similar clinical signs, and reveals the
damaging effects of laminitis earlier in the syn-
drome than radiographs. Having this information
at the time of first clinical signs or shortly there-
after allows a treatment window with the largest
response, enhancing the ability to make more timely
decisions concerning reversal therapy and also pro-
viding a baseline that facilitates monitoring the ef-
ficiency of the chosen treatment regimen. This can
offer a much more favorable prognosis than wait-
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ing until radiographic evidence confirms that sig-
nificant displacement has occurred.

By re-establishing vascular perfusion, the ulti-
mate goal is to maintain health of the coffin bone
and eventually re-establish normal coffin bone align-
ment and adequate sole depth. Transection of the
DDF tendon allows immediate re-alignment of the
coffin bone in relation to the ground surface. Tim-

ing of the DDF tenotomy and re-alignment shoeing
procedure is critical. The procedure should be
performed before the patient experiences ad-
vanced structural failure. The most important

Fig. 1. A, Venogram study before DDF tenotomy with evidence

of severe compromised blood supply. The distal phalanx apex

has descended distal to the circumflex vessel (arrow) and contrast

is absent distal to the apex identifying poor perfusion of the

solar plexus and absent terminal papillae. The coronary

plexus (arrow) is also compromised with poor perfusion and

absent papillae. B, Venogram study 6 weeks post DDF teno-

tomy shows that contrast has returned to the coronary plexus,

and papillae are evident (arrow). The distal phalanx apex and

the lamellar-circumflex junction has returned to a normal ori-

entation (arrow). Contrast is slightly reduced distal to the

distal phalanx palmar processes. (Images courtesy of Dr.

Amy Rucker.)
Fig. 2. A, Horse with derotation/re-alignment shoe and DDF

tenotomy. B, Evidence of a positive response to DDF tenot-

omy 6 weeks later with significant sole growth. C, The ulti-

mate goal has been achieved when health of the coffin bone and

re-establishing normal coffin bone alignment with adequate

sole depth has been maintained.
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aspect of the procedure is management of the foot.
Combination of surgery with the appropriate trim
and therapeutic shoeing is imperative for long-
term success. Performing the DDF tenotomy
without realignment shoeing of the hoof capsule
will have a short-term clinical improvement and
most likely won’t affect the survival rate.1

Transection of the DDF tendon is a controversial
treatment for chronic laminitis largely because of
the variation in personal experience with the proce-
dure and the varying success rates reported in pre-
viously published data.1 Differences in reported
success rates are more likely because of the dissim-
ilarities in foot pathology and the foot management
associated with the procedure. Outcomes are de-
termined based on the degree of bone disease, solar
penetration, degrees of rotation, sinking (distal dis-
placement of the coffin bone but no rotation), num-
ber of limbs involved, and front or hind feet affected.
There are several issues to consider when making
the decision to perform a DDF tenotomy: initial
damage assessment, short- and long-term goals of
the client, aftercare capabilities and responsibilities
of the caretakers, mechanical knowledge, and skill
level of the farrier and veterinarian relative to the
patient, and financial impact. The DDF tenotomy
has often been viewed merely as a salvage proce-
dure. It is only considered late in case manage-
ment and is often performed without considering the
benefits of repositioning the palmar/plantar (herein
referred to as palmar) and the articular surface of
the coffin bone with healthy load zones. However,
if performed early in case management, at the first
indication that the vascular supply is not respond-
ing to optimum mechanics before permanent dam-
age occurs, the DDF tenotomy can greatly enhance
the prognosis by increasing the potential for rapid
vascular reperfusion to severely compressed ar-
eas. This can preserve the integrity of the pal-
mar rim and optimize solar and tubular papillae
function, which accelerates sole and horn growth.

Transection of the DDF tendon as a treatment for
chronic laminitis has been reported with variable
success rates in the previously published data.
Eastman et al6 reported the results of 35 cases
between 1988 and 1997. A total of 77% of the cases
survived a minimum of 6 months, and 59% survived
�2 years. Allen et al7 reported on 13 cases. Five
of these (39%) returned to limited athletic activity,
six (46%) were pasture sound, and the remaining
two cases (15%) improved initially but were eventu-
ally euthanized (one due to further deterioration
after 9 months, and the other due to economic rea-
sons). Hunt et al8 reported the experience with 20
cases. In these cases, 55% survived less than 1
month, 30% survived longer than 6 months, 15% of
these remained lame. None of the cases in that study
returned to athletic performance. These studies had
a large variation in case specifics and included the
degree of coffin bone injury at presentation, chronicity,
shoeing and/or trimming protocols at the time the

DDF tenotomy was performed, and follow-up care.
In Hunt’s study, there were several cases which all
received the same shoeing protocol and postsurgical
foot management.

To better evaluate the efficacy of the tenotomy
procedure, Morrison9 subclassified 245 cases that
received a DDF tenotomy into the following catego-
ries: degree of displacement of the coffin bone, cof-
fin bone disease, medial, lateral, or vertical sinking
of the coffin, and coffin bone that penetrated the
sole.5 Of the 245 cases, 51% were considered a
success. Success was defined as survival for �1
year after surgery, maintaining good body condition,
and an Obel lameness Grade of 2 or less (moving
freely at the walk but possibly having a stiff gait,
sore on turning, and able to pick up each foot when
asked). Cases with no coffin bone disease and no
signs of sinking or solar penetration had an 83%
success rate. Cases with moderate coffin bone dis-
ease, and no sinking or solar penetration had a 93%
success rate. Cases with severe coffin bone disease
and no sinking or penetration had a 44% success
rate. Cases with signs of sinking (medial, lateral,
or vertical) had an overall success rate of 18%,
while non-sinkers had a success rate of 71%.
Cases with penetration and no sinking had an 88%
success rate while cases with penetration and
sinking had a 25% success rate. The number of
limbs involved and their location was also associ-
ated with outcome: success rate for one limb was
52%; two limbs, 50%; four limbs, 50%; front limb,
51%; and hind limbs, 50%.

During laminitis and the rehabilitation process, it
is important to minimize further damage to the foot.
As a team, the veterinarian and farrier should have
an understanding of the normal supporting struc-
tures of the digit, biomechanical forces on the foot,
and the structural failure that results when these
forces act on a diseased and damaged foot. In a
healthy foot, the antagonistic forces between the
laminae that support the coffin bone dorsally and
the deep DDF tendon that pull palmarly are in bal-
ance. In the laminitic foot, these forces are out of
balance due to the loss of dorsal laminar support.
This allows the unopposed palmar force of the DDF
tendon to pull the coffin bone away from the hoof
capsule and creates instability. Venograms clearly
outline the blood circulation in the foot, and perfu-
sion deficits that are a consequence of laminitis.
This is an invaluable diagnostic that could help with
prognosis. The clinical information gained from a
physical examination of the foot, venograms, and
radiographs will dictate which treatment modali-
ties need to be implemented. The multitude of
prognostic factors that affect outcome in the horse
with laminitis make treating these cases a chal-
lenge. Treating the horse with laminitis requires
experience, expertise, realistic expectations, and a
unified effort by the farrier, veterinarian, and
owner.
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Serial venograms play a major role in the decision
to perform a DDF tenotomy as it can reveal clear
evidence that the vascular damage has progressed
beyond the benefits of optimum mechanical treat-
ment (Fig. 3). The information obtained will clearly

distinguish the case that was fitted with an efficient
mechanical aid at the onset of the syndrome from
the case that was not. The value of frequent veno-
grams to monitor the integrity of the blood supply,
especially in the absence of remarkable growth, is
the best way to detect the reason for horn growth
deficit. Most cases with moderate to severe vascu-
lar damage will not have noticeable horn growth for
the first 30 to 45 days even with mechanical aid, and
will not have detectable rotation of the coffin bone.
Without the diagnostic benefit of a venogram, essen-
tial information about perfusion will delay surgery
by several weeks, causing the optimum treatment
period to be missed. Waiting for the horse to de-
velop complications such as seromas/abscesses due
to the vascular damage, which occurs approximately
6 to 8 weeks from onset of clinical signs, to make
surgical decisions can save lives for a while but signif-
icant irreversible damage sets the stage for ongoing
complications and often euthanasia. When there is
little if any growth 30 days post onset it is most
probable that there is declining vascular supply in
spite of the soundless level.5 Do not rely on the
pain scale to assess progress as it can be very
deceptive.5

The role of the venogram is pivotal to proper case
management and outcomes. Assessing internal
damage with the venogram allows a better under-
standing of the correlation between the vascular
pattern and healing response and how the mechan-
ical component greatly influences both. Using
sheer mechanics and shifting the load from the dor-
sal half of the foot palmarly to the heel proves to be
the most reliable means of treating the laminitic
horse. Doing so expeditiously, ideally before the
destructive cycle to the blood supply has caused
irreversible damage to soft tissue growth centers
and the palmar rim including the respective termi-
nal papillae, can produce favorable results in a
large majority of cases.10 Prognosis is related
principally to vascular integrity and damage at
the time of insult. Vascular compromise creates
soft tissue damage, followed by mechanical dis-
ruption of the equilibrium between the supportive
forces of the laminae and tensile force of the DDF
tendon. Timing of treatment and a DDF tenec-
tomy is essential for an optimal outcome by
quickly re-establishing healthy vascular supply,
which can prevent the mechanical phase from de-
stroying the suspension network.

Realignment shoeing is also known as derotation
shoeing6 (Fig. 4). Transection of the DDF tendon
allowed immediate realignment of the coffin bone
relative to the ground surface. The goal for the
realignment shoeing was to apply a tenotomy rail
bar shoea onto the foot to re-establish parallel align-
ment of the ground surface and the coffin bone.
Additionally, the shoe should have a heel extension
to prevent the distal interphalangeal joint from dor-
si-flexing after transection of the tendon. The pal-
mar extension of the shoe should be continued to a

Fig. 3. A, Radiograph of a horse with acute laminitis with no

improvement that was fitted with an optimum mechanical ap-

proach with no evidence of displacement of the coffin bone. B,

Venogram that revealed clear evidence that the vascular damage

(complete occlusion) exceeded the benefits of optimum mechani-

cal treatment, which played a major role in the decision to per-

form a DDF tenotomy.
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line dropped at a 90° angle from the proximal
palmar aspect of the first phalanx to the ground
with the horse standing squarely. The heel ex-
tension serves to improve sole mechanics by pro-
viding additional support to the palmar aspect of
the foot. The sole support materialb is then
mixed and applied to the sole. The shoe is then

firmly placed onto the foot at the same angle as the
solar surface of P3 as viewed on the radiographs.
At this point, the sole support material was often
molded into a toe wedge to achieve proper shoe
alignment. Once the proper angle is achieved,
the shoe is glued in place using fiberglass cloth
impregnated with the adhesivec leaving the toe
open to minimize the chances for abscess forma-
tion which can be caused when the toe is covered
with the adhesive material.

Successful management of the laminitic horse
begins with the understanding of the normal sup-
porting structures of the digit, the disease process,
vascular compromise, and the structural failure that
results in the laminitic foot. An early accurate di-
agnosis, and appropriate treatment are imperative
for a successful outcome. Rehabilitation of the
laminitic horse requires a dedicated team and coop-
erative efforts between the farrier, veterinarian,
and owner. As with any surgical and therapeutic
procedure, timing and proper case selection are es-
sential for the best long-term outcome. The infor-
mation presented here provides useful information
that can assist the equine professionals in formulat-
ing a prognosis for laminitis cases requiring the
DDF tenotomy and the realignment shoeing proce-
dure. To be qualified as a competent equine podi-
atrist is one of the most rewarding and treasured
credential that a pathological focused farrier or vet-
erinarian could possess. Saving the career or life of
a horse that is suffering from developmental compli-
cations can be one of the most gratifying experiences
one could ever have.

Acknowledgments

Declaration of Ethics

The Author has adhered to the Principles of Vet-
erinary Medical Ethics of the AVMA.

Conflict of Interest

The Author has no conflicts of interest.

References and Footnotes

1. Morrison SE. Deep digital flexor tenotomy and realignment
shoeing for chronic laminitis. 5th International Equine
Conference on Laminitis and Diseases of the Foot, West Palm
Beach, FL, November 5–8, 2009, pp. 50–1.

2. Redden RF. Clinical and radiographic examination of the
equine foot, in Proceedings. Am Assoc Equine Pract 2003;
49:320–327.

3. Rucker A, Redden RF, Arthur EG, et al. How to perform the
digital venogram, in Proceedings. Am Assoc Equine Pract
2006;52:526–530.

4. D’Arpe L, Bernardini D, Coppola L. How to do a digital
venography in the standing horse, in Proceedings. 10th In-
ternational Congress of World Equine Veterinary Association
2008;529–530.

5. Redden RF. The use of venograms as a diagnostic tool, in
Proceedings. Bluegrass Laminitis Symposium 1993;1–6.

6. Eastman TG, Honnas CM, Hague BA, et al. Deep digital
flexor tenotomy as a treatment for chronic laminitis in horses:
35 cases (1988–1997). J Am Vet Med Assoc 1999;214:517–9.

Fig. 4. Example of derotation/re-alignment shoeing. A, Radio-

graph with evidence of severe displacement of the coffin bone. B,

Dotted red line-trimming only as needed to match the palmar

angle of the coffin bone. C, Evidence of achieving a parallel level

of the coffin bone with the derotation rail shoe after DDF

tenotomy.

402 2020 � Vol. 66 � AAEP PROCEEDINGS

HOW TO MANAGE HOOF LAMENESS II



7. Allen D Jr, White NA 2nd, Foerner JF, et al. Surgical man-
agement of chronic laminitis in horses: 13 cases (1983–1985).
J Am Vet Med Assoc 1986;189:1604–6.

8. Hunt RJ, Allen D, Baxter GM, et al. Mid-metacarpal deep
digital flexor tenotomy in the management of refractory lami-
nitis in horses. Vet Surg 1991;20:15–20.

9. Morrison S. Long-term prognosis using deep digital flexor
tenotomy and realignment shoeing for treatment of chronic
laminitis. J Equine Vet Sci 2011;31:89–96.

10. Redden RF. Shoeing the laminitic horse, in Proceedings.
Am Assoc Equine Pract 1997;43:356–359.

aTenotomy rail bar shoe, Nanric, Inc., Versailles, KY 40383.
bElastomer, Advanced Cushion Support, Nanric, Inc., Ver-

sailles, KY 40383.
cEquilox Adhesive System, Equilox International, Pine Island,

MN 55963.

AAEP PROCEEDINGS � Vol. 66 � 2020 403

HOW TO MANAGE HOOF LAMENESS II



Shoeing Around the Coffin Joint

Scott Morrison, DVM

Author’s address: Rood and Riddle Equine Hospital, PO Box 12070, Lexington, KY 40580-2070;

e-mail: smorrison@roodandriddle.com. © 2020 AAEP.

1. Introduction

The distal interphalangeal joint (DIP) is the major
articulation of the digit. It is the center of articu-
lation about which many structures of the distal
limb act upon during locomotion. The DIP joint is
therefore considered a focal point of the digit and is
a major landmark when assessing hoof form, func-
tion, and balance. The DIP joint, being the distal
most joint of the limb, is most affected by asymmet-
rical loading patterns when ambulating on uneven
terrain and is also greatly influenced by foot manip-
ulations, such as trimming and shoeing. The range
of motion is higher than the proximal interphalan-
geal (pastern) joint. At the trot, the range of mo-
tion of the coffin joint has been shown to be 47° and
the pastern joint 35°.1,2 The DIP joint is comprised
of the articulations of the distal phalanx, distal end
of the middle phalanx, and the two articular sur-
faces of the navicular bone (Figs. 1 and 2).

The joint is stabilized by soft-tissue structures:
the common digital extensor tendon acts to extend
the DIP joint as it courses down the dorsal pastern,
combines with the extensor branches of the suspen-
sory ligament, and inserts on to the extensor process
of the distal phalanx. The extensor tendon has
multiple attachments to the dorsal pastern and is
adhered to the joint capsules of the pastern and DIP
joint, and the ungual cartilages. The extensor ten-
don acts to stabilize the dorsal aspect of the joint and

prevents dorsal luxation of the joint (Fig. 2). The
palmar aspect of the joint is stabilized largely by
the deep digital flexor tendon (Figs. 1, 3, and 4) and
the impar ligament, which originates on the distal
end of the navicular bone and inserts on the distal
phalanx just proximal to the deep digital flexor ten-
don (DDFT) insertion on the semilunar crest. The
suspensory ligaments of the navicular bone also aid
in stabilizing the palmar/plantar aspect of the joint.
The lateral and medial regions of the joint are sta-
bilized primarily by the collateral ligaments (Fig. 5),
and the chondrocoronal (attached collateral liga-
ment to ungual cartilage). The joint capsule assists
in stabilizing the entire joint (Fig. 4).

The DIP joint is primarily designed to move in
flexion and extension; however, there are rotational/
transverse plane and collateral /frontal plane move-
ments as well. These planes of motion allow the
joint to tolerate uneven ground. It is believed that
excessive rotational and collateromotion are the
cause of excessive wear and tear on the articular
surfaces. To limit the stress on the joint and max-
imize foot function, maintaining a balanced foot pro-
portioned around the center of rotation of the DIP is
necessary.

Joints have a limited and slow rate of repair.3

When joint damage accumulates and outpaces the
repair process, clinical manifestations of joint dis-
ease arise. Gross and histological changes in os-
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teoarthritis include cartilage degeneration, sub-
chondral bone sclerosis, osteophytes, synovial in-
flammation, and periarticular fibrosis.4 Fig. 6
shows a normal DIP joint on the left and an abnor-
mal joint on the right, with cartilage erosions and an
inflamed and thickened joint capsule.

Damage to the DIP joint can be caused by an acute
injury to the joint or peri-articular supporting struc-
tures or can be from chronic wear and tear. De-
grees of lameness can be variable depending on the
nature and extent of the damage. Cases present
with variable degrees of sensitivity over the frog
region. Distension of the joint can usually be de-
tected by palpation of the dorsal pouch just proximal
to the coronary band. Palpable joint distension is
not pathognomonic for DIP joint disease. Joint dis-
tension can occur secondary to any cause of foot
inflammation. It is common to detect joint disten-

sion with foot abscesses, fractures, soft-tissue inju-
ries, and severe bruising. Cases typically have a
positive response to lower-limb flexion and are
worse on hard surfaces. Diagnostic analgesia is re-
quired to accurately diagnose the DIP joint as a
source of pain. The DIP joint blocks out with a
palmar digital nerve (PDN) block (along with most
of the structures of the foot5). Intrasynovial anal-
gesia of the DIP joint will desensitize the joint, but
over time will also desensitize the navicular appa-
ratus and toe region of the sole. It is believed that
a positive response to DIP joint analgesia within
5–10 minute is most likely the joint. After 10 min-
utes, diffusion of anesthetic will begin to desensitize
other structures. Navicular bursa analgesia is dif-
ficult to perform in some cases, but is fairly specific
for desensitizing the navicular apparatus without

Fig. 1. Plastinated image showing the articulation of the distal

interphalangeal joint. Photo courtesy of Christoph Von Horst.

Fig. 2. Dissected foot and pastern showing the insertion of the

digital extensor tendon.

Fig. 3. Palmar view of the distal phalanx showing the insertion

of the deep digital flexor tendon.

Fig. 4. Lateral view of the digit displaying the anatomical struc-

tures stabilizing the distal interphalangeal joint.
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desensitizing the DIP joint; therefore, a negative
response to navicular bursa analgesia and a positive
response to DIP joint analgesia is a strong indication
that the DIP joint is the source of pain. Radio-
graphs in acute cases rarely show much. In chronic
cases, osteophytes, narrowed joint spaces, subchon-
dral sclerosis, and enlarged synovial invaginations
on distal border of navicular bone are all signs of
joint disease. MRI is very helpful in evaluating the
extent of the cartilage damage and peri-articular
structures. MRI is also helpful in determining ac-
tive inflammation and physiology of the adjacent
bone.

Treatment of coffin joint disease involves manag-
ing the inflammation and its destructive action on
the cartilage. Systemic and intra-articular anti-
inflammatories, hyaluronic acid, and polysulfated
glycosaminoglycan (PGAG)s are used.6 Acute con-
ditions require rest and rehabilitation whereas
chronic conditions require a more long-term man-
agement program. Severe cases may require a
decrease in performance level or retirement. Sys-
temic or articular treatments with steroids, hyal-
uronic acid (HA), and PGAGs have been shown to be
of clinical benefit in decreasing inflammation and
maintaining joint health. Special attention to
trimming and shoeing is most likely to have the

biggest impact, especially in cases with poor confor-
mation or foot-balance issues.

Trimming to establish even loading medial to lat-
eral is the goal. Radiographs should be used in
cases with a history of DIP disease, to help establish
a balanced trim. Trimming perpendicular to the
long axis of the pastern is recommended when ra-
diographs are not available. When shoeing, pre-
serving the natural function of the foot is the goal.
Taking into consideration the shock absorbing
mechanism and loading characteristics of a healthy
barefoot.

There are several mechanisms in place to accom-
modate shock absorption: 1) hoof wall, 2) lamellar
interface, 3) soft tissue (joint, joint capsule, sole co-
rium, digital cushion, tendon/ligament, bone), and 4)
movement of blood into and out of the foot. When
the foot is loaded, the elastic hoof capsule deforms,
soft tissue is compressed and stretched, and the
elastic/pliable lamellar interface allows the bone col-
umn to displace slightly within the hoof capsule.
A well-formed hoof capsule with proper mass, shape,
and moisture content are the foundation for a well-
functioning foot.

As the foot is loaded, the compression and tension
within the foot squeezes the blood out of the foot and
helps drive it up the limb through low-resistance
vascular pathways in the collateral cartilages.
The structure most responsible for transmitting ex-
ternal shock into movement of blood are the bars,
digital cushion, and collateral cartilages. It has
been hypothesized, by Dr. Rooney,7 as the heels
impact the ground, the bars receive vibrations and
force, which then transmits it to the collateral car-
tilages, which lie just deep to the bars (Fig. 7).
The collateral cartilages are rich in vasculature and
contain a pool of blood, which receives these vibra-
tions and converts it to the movement of fluid/blood
up the limb. Basically, the collateral cartilage and
its vasculature provide a low-resistance pathway for
the rapid movement of blood out of the foot during
ground impact, acting as a hydraulic shock absorber.
Feet, which are efficient at shock absorption, have
thick, robust collateral cartilages (with abundant

Fig. 5. Probe inserted into the collateral ligament of the distal

interphalangeal joint.

Fig. 6. Distal interphalangeal joint with the second phalanx

removed showing the articular cartilage of the distal phalanx and

navicular bone. A healthy joint is on the left and a degenerative

joint is on the right with cartilage erosion.

Fig. 7. Caudal view of the dissected foot revealing the digital

cushion and collateral (ungual) cartilages.
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vasculature), well-developed digital cushion, and
strong, well-developed bars.

This is one example of why feet must have proper
form to function. This simply means that the ana-
tomical structures need to be of proper mass and
spatial arrangement to execute the sequence of
events needed to accommodate the dissipation of
vibrations generated during ground impact and sup-
port the weight of the horse. There are several
goals that should be achieved in order to promote a
healthy and functioning hoof (Fig. 8): 1) The center
of rotation (red dot) should be lined up with the
center of the weight-bearing surface of the foot.
The center of rotation can easily be identified on the
foot, because it usually corresponds to the widest
part of the sole. 2) A positive palmar/plantar angle
(blue line), ideally between 2° and 5°. 3) Adequate
sole depth, ideally the sole depth would equal the
thickness of the Horn-Lamellar thickness (yellow
lines). 4) Heel position should be at the widest part
of the frog (orange circle). 5) The moment arm act-
ing on the DIP joint needs to be appropriate. The
moment arm is simply the length between the joint
axis and the point of force, in this instance the
ground surface of the shoe. This means they need
to be long enough to provide support and stability
but short enough to prevent excessive leverage and
torque on the joint and supporting structures. The
degree of leverage reduction combined with the
pitch (how steep and elevated the angle of roll is on
the shoe) dictate how much stress is reduced but
also how unstable the foot functions as a platform or
base of support. Fig. 9 shows shoes with medial/
lateral leverage reduction, the image on the left is
more suitable as a therapeutic shoe, whereas the
image on the right would be more suitable as a
performance shoe.

Shoeing Around the Coffin Joint in the Sagittal Plane

An underrun heel, where the heels are migrated
forward and consequently the entire foot including
the toe also migrate forward. As a result, the foot
becomes out of balance in the sagittal plane, mean-
ing that the weight-bearing surface of the foot is no
longer centered around the COR. This imbalance
creates dysfunction in the shock absorbing and sup-
porting roles of the foot. In this common scenario
the bars and collateral cartilages are not lined up
and cannot absorb shock as well as a foot with well-
positioned heels that line up with the collateral car-
tilages (Fig. 10, A–C). When a foot has proper
form, it is “balanced.” Fig 10A is an example of a
well-balanced foot with ideal heel position and nor-
mal proportions to the weight bearing structures of
the foot. Figs 10B and C are feet with under-run
heels. The weight-bearing portion of the heels are
migrated forward and no longer line up with the
shock absorbing mechanism of the foot.

Causes of Under-Run Heels

Arches and straight lines are strong architectural
shapes. Strong feet have a sole arch and straight
walls. Sighting the foot from the coronary band,
the walls should be straight without flares or dishes.
When feet become weak and distorted the sole arch
typically flattens and the walls bend, creating dis-
tortions. Hoof capsule distortion refers to misshap-
en/imbalanced hooves such as flares, cracks, under-
run, collapsed, and sheared heels, all of which are a
result of long-term abnormal weight distribution on
the foot. Distortions affect function and have been
shown to be correlated to musculoskeletal injuries
and lameness.8–11

Distortions are a result of either overloading a
healthy structure, causing it to collapse or bend, or
can be the result of underloading a structure, such
as the case of a contracted heel on a clubfoot. In
this case the heel is underloaded and the toe is
overloaded, causing the heel to contract and the toe
to bend or dish. Distortions can also result from
disease processes, such as laminitis, where the hoof
wall in the toe region is separated, creating flares or

Fig. 8. Diagram illustrating and demarcating key areas to be

evaluated when formulating a shoeing plan (sole depth, heel

position, palmar/planter angle, and center of rotation).

Fig. 9. Anterior-posterior radiographic view of two examples of

shoes with medial/lateral leverage reduction.
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dishes. Fungal infections or white-line disease can
also cause weakening of the hoof and subsequent
distortion. In the case of the Thoroughbred race-
horse and other disciplines, a lot of stress is put on
the hooves, therefore, it is necessary to have a
healthy structure that is put under repetitive high
loads. Speed training puts high force on the heels,
which lowers the hoof angle over time. As the an-
gle gets lower, more force is placed on the heel,
creating a vicious cycle that can be difficult to cor-
rect. The combination of a lighter hoof with thin-
ner hoof wall and sole depth combined with rigorous
speed training makes the Thoroughbred hoof sus-
ceptible to distortions such as under-run heels,
quarter cracks, crushed heels, and sheared/shunted
heels (Fig. 11). The heel region of the hoof is softer
and more pliable than the toe and is designed to
dissipate shock. The heel houses such structures
as the collateral cartilages, digital cushion, and an
abundant vascular system, all designed to absorb
shock. The toe is more rigid, designed to penetrate
the ground to establish traction. Since the heel is

more pliable and hits the ground first, hoof distor-
tions typically present here first.

Many heel problems tend to be reoccurring. This is
because the primary problem has not been effectively
corrected. Having knowledge of the etiology of a foot
problem will help formulate a successful treatment
plan to heal the condition, prevent reoccurrence, and
improve the longevity and wellbeing of the horse.

The most common hoof capsule distortion is the
under-run heel. The horn tubules in the heel be-
come bent forward, making the heel grow more for-
ward at an acute angle rather than down. This
hoof capsule distortion makes it particularly diffi-
cult to shoe around the center of articulation as the
entire hoof migrates forward. It can be argued that
the under-run heel is caused by the act of shoeing
alone in which a normal hoof’s natural wear is pre-
vented. The hoof wall grows in length over the
shoeing cycle, increasing toe length and decreasing
hoof wall angle over time.12 As the toe grows long,
it pulls the heels forward. When due to be shod
again, the foot is trimmed and rebalanced to start
the entire process all over again. This continuous
repetitive process trains the horn tubules to migrate
forward. Other considerations with shoeing, is the
alteration in the foot’s loading pattern. In the un-
shod foot, load is distributed to the sole, bars, frog,
and hoof wall, whereas the shod foot load is primar-
ily concentrated on the hoof wall. Although when
in soft footing the shod foot will incorporate the sole,
bars, and frog into weight bearing.

Some may argue: since horses train on soft foot-
ing, which packs into the foot and loads the sole,
bars, and frog, doesn’t this offset the effect of the
shoe overloading the hoof wall? Sport horses spend
the majority of their time standing in a straw or
dry-shavings bedded stall. It is during this period
that the foot is mostly dependent on the architecture
of the foot tissues for support. Long-term, low-mag-
nitude loading creates distortion rather than short-
term, high-magnitude force.13 Horses standing in a

Fig. 10. Three different feet showing variations in heel contour (A is ideal, images B and C are under-run or forward migration of the

heels).

Fig. 11. Racehorse hooves showing a sheared or shunted heel on

the photo to the left. The photo on the right shows a racehorse

hoof with both heel bulbs shunted or pushed up from repetitive

overload. Note the hairs on the heels are irritated and sticking

up.

408 2020 � Vol. 66 � AAEP PROCEEDINGS

HOW TO MANAGE HOOF LAMENESS II



stall with little arch/sole support slowly fatigue the
integrity of the capsule and propagate distortions.
The arch of the sole slowly flattens, the heels become
under-run, and perhaps a heel bulb becomes sheared
or shunted proximally. The insidious nature of a hoof
capsule distortion slowly compromises the foot, ren-
dering it more susceptible to an acute injury.

The horse’s foot is capable of handling huge im-
pact forces without structurally collapsing. This is
due to the fact that when a horse is traveling, the
moving foot fills with blood during the swing phase.
Probably from centrifugal force filling the non-
weight-bearing tissue maximally with blood, creat-
ing turgor pressure. This fluid in closed spaces
may help support the architecture of the foot during
ground impact. It is with the help of this mecha-
nism that the foot is able to withstand high-impact
forces. Most hoof capsule deformities (under-run,
collapsed heels) slowly develop over time. It is in
the author’s experience that most of these distor-
tions occur while the foot is semi-static (while the
horse is just standing around).

Prevention and Treatment of the Under-Run Heel

Prevention of a dysfunctional heel begins as a foal.
The foal is born with a small, soft hoof. The solar
surface is smaller in circumference than the coro-
nary band. The soft, contracted hoof is a normal
adaption to prevent injury to the mares’ birth canal
during the birthing process. If you look at a new-
born foal’s hoof you will see they are born with an
under-run heel (Fig. 12). In nature, the newborn
foal quickly becomes very mobile and the abrasive
terrain quickly wears the horn away to achieve a nor-
mal heel position. The heel position should be
trimmed back to the widest part of the frog at each
trimming. Care should be taken not to trim the heel
too low creating soreness and sole bruising. Ideally,
the growing horse should remain barefoot as long as
possible to encourage a strong well-adapted heel.

The most important element in preventing a com-
promised heel from occurring is maintaining ideal
weight-bearing proportions to the weight-bearing
surface of the foot. Recognizing a compromised
heel and addressing it before it creates lameness
issues is paramount to a successful foot-manage-
ment program. The first morphological sign of an
overloaded heel is a frog that begins to prolapse or
break the plane of the solar surface of the hoof wall
(Fig. 13). The wall in the heel region begins to col-
lapse or recede as it is overloaded, and the frog plane
becomes lower than the hoof wall. Another sign of
excessive heel concussion are hairs that begin to raise
and irritation/dermatitis of the heel bulbs (Fig. 11).

The most effective way to rehabilitate a weakened
or compromised heel is to go barefoot for a period of
time. The frog plane improves and the under-run
heel position corrects quickly. Often, this is not
possible and cases will need shoes to stay sound for
training and competition. In this instance, shoeing
modalities that mimic the barefoot condition are
required to manage and rehabilitate the heel struc-
tures. Figure 14 shows a race filly’s foot before and
after going barefoot for 3 months. Notice the im-
proved heel position, weight-bearing proportions,
and overall shape of the foot. There are several
features of the barefoot condition that can be simu-

Fig. 12. Ten-day-old foal foot showing the typical under-run heel

conformation of a newborn.

Fig. 13. Assessment of the plane of the frog in relation to the

solar border of the wall. These photos show two examples of

frogs that are “prolapsed” or that are breaking the solar plane and

are closer to the ground than the ground surface of the hoof wall.

Fig. 14. Solar view of the foot of a race filly before and after

going barefoot for three months. Note the improved heel posi-

tion and the difference in shape/dimensions of the foot.
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lated with shoeing to create a similar effect. These
features are frog support, rolled heel, rolled toe,
broad toe shape. If you look closely at a healthy
barefoot, you will notice the foot is not completely
flat. The heels and the toe are rolled slightly.
The rolled heel helps decrease excessive concussion
generated during heel first landing.

The rolled toe helps decrease resistance to break-
over and allows the foot to rollover in any direction
that is the least stressful for that limb’s conformation
(Fig. 15).

The rolled heels provide the ability to improve the
heel position, by trimming the heels back to the
widest part of the frog without invading sole mass
beneath the wing of the pedal bone. Horses need as
much protection beneath the wing of the bone as
possible. This is a common area of soreness in ath-
letes. If the entire foot level and the heels were
trimmed back to the widest part of the frog, then the
trim would take away too much sole depth. The
last component is frog support, which is best done by
adding a heart bar, frog cradle, stabilizer plate, ther-
moplastic form-fitting heel pad, or in some cases,
temporary orthotics/sole support (Fig. 16). Many
trainers do not like the added weight and decreased
traction created with a bar shoe, therefore other
mechanical solutions to deal with this problem must
be found. One option is to train in the bar shoe and
switch to a normal race plate on race day or shortly
before. Some cases experience some discomfort
with a metal bar or heart-bar. Perhaps the weight
of the limb coming down on a metal unyielding bar is
too firm for some feet. A thermoplastic heel plate is

often tolerated well by even the most sensitive feet.
The thermoplastic pad is heated and molded to the
heel area. The thermoplastic is firm enough to pro-
vide adequate support but yields and flexes slightly.

Temporary orthotics are sole support materials
that are placed or wrapped in the soles while the
horse is in the stall and then removed when out of
the stall. The concept is to provide arch/sole sup-
port while the horse is in the stall and allow the
horse to train in a normal shoe. This is a 2-part
elastomer dental impression putty that is used to
make a custom orthotic or arch support for each foot.
The removable orthotics are placed into the feet and
wrapped in place with Vetwrap. The orthotics can
be removed for training and placed back in the foot
when the horse is in the stall. The orthotics will
provide arch support and help unload the perimeter
wall to strengthen the arch and improve the heel
structure. Fig. 17 shows a racehorse foot after 5
months of shoeing with a rolled toe/rockered heel
shoe and frog support.

The club foot is recognized as having strong heel
structures and plenty of heel mass; however, this
foot type can also be affected with chronic heel pain.
Since the club foot overloads the toe and bone col-
umn, arthritis, sidebone, pedal osteitis of the apex of
the P-3, navicular bone sclerosis, osteoarthritis, and
contracted heels are common pathologies seen.
The compressive forces on the navicular bone are
increased as the DDFT is pulled taut against the
flexor surface of the navicular bone. Club feet often
have increased wall growth in the heels and slow
wall growth at the toe. This is the foot’s attempt to
raise the heels and unload or accommodate the con-
tracted DDFT. The foot remodels to accommodate
all phases of the stride. Since the DDFT is under
the most tension just before heel lift off (break
over), it is this phase of the stride, which must be
addressed when re-balancing the club foot. Sig-
nificantly enhancing/easing break over can allow
these feet to return to a normal appearance.
Figure 18 shows the same club foot after several
shoeings to accommodate the contracted DDFT.

Most club feet can achieve equal toe/heel growth
and resolve the anterior dish with these simple me-
chanics. It is important to realize that the contrac-
ture is not being “fixed” or resolved, it is merely

Fig. 15. A foot trimmed in 3 different planes to establish an

ideal heel position without compromising the sole depth/protec-

tion beneath the wings of the distal phalanx and to increase the

palmar angle of the coffin bone.

Fig. 16. Frog supports. A, Frog cradle, riveted; B, Frog cradle; C, Stabilizer plate; D: Thermoplastic plate.
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being accommodated with simple shoeing mechanics
and allowing the foot to return to a more normal
shape, with even wall growth, no dish, good anterior
sole depth, and therefore be a stronger, healthier
foot. High-speed video and gait analysis studies
are needed to better understand how these club
feet respond to this shoeing; however, anecdotal re-
ports and observations reveal these horses seem to
lengthen the stride and load the heels more. It is
hypothesized that these don’t have to take a “short
step” to accommodate the tendon in the caudal
phase of the stride since the break over is eased they
lengthen the caudal phase and thus take longer
strides. The other possibility is that they are just
more comfortable in this style shoe and change their
gait for the better. When presented with a lower-
limb lameness that may be secondary to the tendon
contracture, it is logical to first address the tendon
contracture and secondary club foot/hoof capsule
distortion. The club foot is rebalanced by trimming
the heels down and moving the breakover point back
beneath the anterior coronary band. This makes
the foot behave or function more like a normal foot
and oftentimes the secondary lameness resolves or
greatly improves. As these feet load the heels, the
heel contracture tends to improve with time and use;
however, in cases with atrophied frogs and robust
bars, the heel is encouraged to spread by thinning

out the bars, “unhooking” the point of the heels (or
opening up the collateral sulci in the region of the heel
buttress with the rasp), and loading the frog, sulci, and
bars with elastic impression material. These feet of-
ten benefit from building the material up slightly
above the ground surface of the shoe. Almost creat-
ing a “bumper” or artificial frog. This technique helps
engage the foot’s shock-absorbing structures.

Contracted heels can occur as a result of a chronic
heel pain condition in which the heels have not been
loaded normally. Heel contracture can also be seen
in club feet from mechanical under-loading of the
heel region. Contracted heels should be differenti-
ated from collapsed heels; some heel-collapse cases
can also look contracted. Collapsed and under-run
heels occur from overloading and bending of the
horn tubules, whereas heel contracture results from
under loading, the horn tubules are usually straight
and strong and aren’t bent or folding over. Heel con-
tracture can become a secondary source of lameness,
worsening the lameness grade, and contributing to the
cycle of abnormal landing, foot dysfunction, and lame-
ness. Most heel contractures and collapse improve as
the foot is rebalanced and supported.

There are many types of materials and styles of
shoes to choose from. The ground surface and the
discipline of the horse dictate what type of shoe is most
appropriate. For example, too much or too little trac-

Fig. 17. A, Thoroughbred gelding in training, with an under-run heel, prolapsed frog, and flat sole arch. B, Same foot 5 months later

after being shod with a roller motion style shoe with frog support. Note the improved hoof angle and heel position.

Fig. 18. Club foot shod to accommodate the tension of the deep digital flexor tendon, allowing the hoof capsule distortion to improve.

Note the even growth rings from heel to toe on the picture on the right, indicating that the hoof is longer, distorting to accommodate

the tendon contracture.
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tion can be damaging to the joint and supporting struc-
tures. Shoes should be fit appropriately to provide
adequate support and protection, without creating un-
necessary leverage and torque. The COR of the DIP
joint should line up to the center of the weight-bearing
surface of the shoe. Depending on the degree of pa-
thology, other shoe modifications are helpful such as
ease of break-over, shock absorbing pads (Fig. 19), and
arch support. Cases of DIP joint pain typically do not
respond well to heel elevation. Studies show that
elevating the heels increases pressure in the DIP
joint.14 Roller-motion shoes and a flat pad with soft
arch support have the most positive effect on these
cases (Fig. 20). Roller motion shoes have a rolled heel
and rolled toe. The mechanics of this shoe is believed

to decrease the “jarring” at initial ground contact, and
decrease resistance to rollover or breakover, thereby
decreasing the moment arm about the DIP joint, and
decreasing stress on the joint and peri-articular
structures.

Synthetic shoes are available, which allow for
more flexibility in the shoe compared to metal shoes.
When appropriately applied, these shoes may mimic
the barefoot condition more closely while also allowing
for protection. If a case needs support for faulty con-
formation or for a damaged ligament for example, then
a metal shoe is probably the best choice as most syn-
thetic shoes are designed to move and flex, and lack the
structural rigidity required for support. There are
many shoes, sole support materials, and pads available;
every case has very specific needs. Evaluating the entire
horse, its environment/footing, discipline, pathology, and
conformation are necessary to recommend the most ap-
propriate shoeing regime for each case.

Acknowledgments

Declaration of Ethics

The Author has adhered to the Principles of Veteri-
nary Medical Ethics of the AVMA.

Conflict of Interest

The Author has no conflicts of interest.

References

1. Clayton H. Biomechanics of the distal interphalangeal joint.
J Equine Vet Sci 2010;30:401–405.

2. Clayton H. Pastern joint motion in trotting horses, in Pro-
ceedings. Am Assoc Equine Pract 2000;26:217–219.

3. Abhijit M, Bhosale, J, Richardson B. Articular cartilage:
Structure, injuries and review of management, Brit Med
Bulletin 2008;87:77–95.

4. Kidd JA, Fuller C, Barr ARS. Osteoarthritis in the horse.
Equine Vet Educ 2001;13:160–168.

5. Easter JE, Watkins JP, Stevens SL, et al. Effect of regional
anaesthesia on experimentally induced coffin joint synovitis, in
Proceedings. Am Assoc Equine Pract 2019;46:214–2.

6. McIlwraith CW. Intra-articular and systemic medications for
the treatment of equine joint disease, in Proceedings. Am As-
soc Equine Pract 1996;42:101–125.

7. Rooney JR. The lame horse: Causes, symptoms, and treat-
ment. Chatsworth, CA: Wilshire Book Co; 1974; 117–118.

8. Eliashar E, McGuigan M, Wilson A. Relationship of foot
conformation and force applied to the navicular bone of sound
horses at the trot. Equine Vet J 2004;36:431–435.

9. Kane A, Stover S, Gardner I, et al. Hoof size, shape, and balance
as possible risk factors for catastrophic musculoskeletal injury of
Thoroughbred racehorses. Am J Vet Res 1998;59:1545–1552.

10. Thompson K, Cheung T, Silverman M. The effect of toe
angle on tendon, ligament and hoof wall strains in vitro. J
Equine Vet Sci 1993;13:651–653.

11. Mansmann R, James S, Blikslager A, et al. Long toes in the
hind feet and pain in the gluteal region: An observational
study of 77 horses. Equine Vet J 2010;30:720–726.

12. Van Heel M, Moleman M, Barneveld A, et al. Changes in
location of centre of pressure and hoof-unrollment pattern in
relation to an 8-week shoeing interval in the horse. Equine
Vet J 2005;37:536.

13. Hood D. Center of digital load during quasi-static loading, in
Proceedings. Ann Bluegrass Laminitis Symp 1998;47–62.

14. Viitanen MJ, Wilson AM, McGuigan HP, et al. Effect of hoof
balance on the intra-articular pressure in the distal interpha-
langeal joint in vitro. Equine Vet J 2003;35:184–189.

Fig. 19. Shock-absorbing pad with high-impact gel placed over

the regular distal interphalangeal joint.

Fig. 20. Example of a steel keg shoe with a subtle rolled heel and

rolled toe to help take stress off the distal interphalangeal

joint. The foot is also fit with a leather pad soft sole/arch support

to help absorb shock vibrations and support the arch.
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1. Introduction

The horn capsule is an amazing protective feature
forming the interface between the horse and the
ground, enclosing and protecting multiple vital mus-
culoskeletal structures. On the downside, this in-
hibits veterinarians from directly visualizing and
easily accessing those structures for the assessment
of problems.

Foot problems that can be directly visualized in-
clude disorders affecting the horn capsule itself,
such as wounds, horn cracks, bruising, and kerato-
mas. Laminitis secondary to systematic disease
can also be visualized, resulting in the typical lami-
nitic stance in acute disease or indicative horn cap-
sule changes in chronic disease. Certain features
(e.g., low underrun/collapsed heels) may predispose
horses to certain problems or may be an indicator of
an ongoing or historic process (e.g., foot asymmetry
with one contracted and one “normal” foot as an
indicator of chronic lameness).

Anecdotally, many vets believe that certain move-
ment characteristics are indicative of foot lameness,
for example reluctance to turn or a shortened cranial
phase of the stride (would specify the gait or gaits)
on the straight, resulting in a “pottery” gait in bilat-
erally foot lame horses. There is currently no sci-
entific evidence for a characteristic foot lameness
pattern of movement as far as the author is aware.
These beliefs may simply reflect the fact that the

likelihood that the lameness comes from the foot is
higher than from it coming from other anatomical
areas.

Most orthopedic problems in horses are degener-
ative in nature, constituting the result of “wear and
tear” through repetitive minor overloading. The
foot is the most common site of front limb lameness
in the horse,1 and the most common structures af-
fected are the deep digital flexor tendon, the navic-
ular bone and its associated ligaments and bursa,
and the coffin joint and its collateral ligaments.2,3

All of these structures are inaccessible to direct vi-
sualization or palpation and hence require addi-
tional investigative methods.

What Can Be Palpated?

Direct palpation of foot-related soft tissue structures
is limited to structures proximal to the horn capsule.
Veterinarians can assess the dorsal pouch of the
coffin joint for effusion; palpate the origin of the
collateral ligament of the coffin joint, the heel, and
pastern area for pain; and can get an impression of
sinking by palpating the rim of the horn capsule.
Hands can be used to assess the temperature of the
dorsal hoof wall in suspected laminitis cases, bear-
ing in mind that this cannot be appreciated in all
laminitis cases for a variety of reasons and that
some people have more sensitive hands than others.

Indirect palpation by using hoof testers is a valu-
able tool to locate pain points and is arguably the
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most useful in hunting for abscesses. Horses with
pain originating from the navicular region show a
variable response, making it a less reliable tool.
Practitioners often rely on comparing the with-
drawal response between left and right legs, and the
user ought to be conscious of the fact that the pres-
sure the user applies varies between sides depend-
ing on the handedness and experience of the user.4

What Can Be “Blocked”?

The author’s “go to method” in localizing the site of
pain in horses is diagnostic analgesia. Nerve and
joint blocks intend to selectively anesthetize ana-
tomical structures or areas. Unfortunately, over
the last few years, it has become apparent that these
“blocks” are less specific than previously thought.
The palmar digital nerve block has traditionally
been used to selectively anesthetize the palmar part
of the foot. However, studies have shown that this
block can numb the whole foot and extend consider-
ably proximally. Other diagnostic analgesia in the
foot include the coffin joint block and the navicular
bursa block. Both are more specific than the pal-
mar digital nerve block but can also result in anes-
thesia of surrounding structures.5,6

What Can Be Imaged?

Radiography of the foot has been a standard compo-
nent of assessing suspected foot lameness for de-
cades. Indeed, the first radiograph ever taken in
animals was that of a horse’s foot.7,8 Due to the
complex anatomy of the foot and the 2D nature of
radiographs, multiple projections are standard.
These include lateromedial, dorsopalmar, dorso-
proximal-palmarodistal, and a palmaroproximal-
palmarodistal (skyline, flexor) view. They are
amended by additional views as required by the
individual case (e.g., oblique projections to assess
the wings of the pedal bone if a fracture is suspected
on the basis of history, clinical sign, and hoof tester
findings). The integrity of synovial structures
(namely the coffin joint, navicular bursa, and the
digital flexor tendon sheath) can be assessed in the
case of wounds or penetrating injuries by injecting
positive contrast medium into the structure in ques-
tion and imaging it afterward.

The limitations of radiography, namely its inher-
ent lack of sensitivity, should be considered. A 30–
50% change in bone density is required before it
becomes radiographically apparent, which is only
achieved in a more chronic state of disease. It
should also be considered that once morphological
changes become radiographically apparent, they are
well established and often remain unchanged for
years (a prime example would be osteophytes as a
radiographic sign of osteoarthritis). Thus, radio-
graphs serve as a “historic record” of a disease
rather than evidence of an acute process; hence,
there is often little correlation between radiographic
and clinical findings. Exceptions to this rule are
fractures and also some lytic processes, such as

flexor surface lesion of the navicular bone, which can
be considered pathognomonic.

In addition to its lack of sensitivity, and to a
certain degree of specificity, radiography’s biggest
disadvantage is that it does not allow visualization
of soft-tissue structures. With most foot-related
pain originating from soft tissue,3 it seriously limits
diagnostic ability when it comes to foot lameness.

Magnetic resonance imaging (MRI) is the imaging
method of choice for the evaluation of soft-tissue
structures, and it is also the only imaging method
that allows the visualization of bone edema. The
advancement of MRI, in general, and standing MRI,
in particular, has simply revolutionized the diagnos-
tic ability in relation to foot lameness. Prior to
MRI, practitioners already knew from the clinical
picture that a variety of problems existed in horses
suffering from heel pain due to the differences in the
degree of pain, response to treatment, and prognosis
between horses. MRI can now differentiate exactly
which structure(s) are involved and how severe the
problem is. This is crucial as both lesion type and
severity affect prognosis and determine choice of
treatment. For example, a lesion in the deep digi-
tal flexor tendon requires a completely different ap-
proach compared to a lesion in the collateral
ligaments of the coffin joint. Having said that, in
the author’s opinion, diagnostic abilities are far
ahead of treatment options and additional work
needs to be done to develop more differentiated
treatment strategies (podiatric as well as medical) to
target specific lesions.

2. Conclusion

In conclusion, the foot remains a diagnostic and
certainly a therapeutic challenge despite the huge
advancements made with the development and
more widespread use of MRI. The diagnosis of foot
lameness requires a multimodal and extremely sys-
tematic approach combining a thorough clinical
exam with careful application and interpretation of
diagnostic analgesia with radiographs and MRI.

As most horses presenting to the vet with lame-
ness never go back to the previous level of perfor-
mance,3 the author would like to suggest that the
ways forward are preventative measures. Biome-
chanically, the horse is a very “fine-tuned machine”
and especially its musculoskeletal system operates
within a very narrow safety margin. To minimize
the effect of wear and tear and slow down degener-
ation of tissue, load should be reduced by keeping
the horse lean and optimizing load distribution
through trimming and shoeing.
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1. Introduction

Equine podiatry issues are a common occurrence in
equine practice and present a challenge to the ma-
jority of veterinarians who are understandably inex-
perienced with general maintenance requirements,
trimming, forging, and shoeing. Therefore, they
must depend on the experienced hands of a farrier.
The farrier trade is a learned art that requires years
of hands-on experience with multiple breeds and
disciplines to reach a competent level of service.
Farriers are expected to have developed an eye for
external alterations and the knowledge and skills
required to help maintain soundness despite the
ill effects of gate issues, developmental deformities,
and hoof distortion relative to excessive or lack of
growth and pathological related problems. With
these credentials farriers can become the eyes and
hands that help determine the most appropriate
mechanical treatment application. However, work-
ing knowledge using radiographs as blueprints for
planning treatment strategy is essential for consis-
tent pursuit of success. This is where both highly
respected professionals step out of their comfort
zone and into the field of podiatry. Podiatry-
focused radiographs are the common thread that

offer the team members a means to detect mechan-
ical deficits relative to the diagnosis, consider op-
tions that would best meet the mechanical
requirements, and guide the hands responsible for
the strategic details.1–3 This common thread re-
quires interpretive skills that carry the radiographic
clues from the brain to the hands, the hands to the
rasp, and final application.

“There is a fine line that runs from the eye to the
brain and some things just do not make it across.”
—Kevin Ashton from the book, “How To Fly A
Horse”

How true and no one escapes this proverbial
learning curve.

The rationale of this how-to session are the prob-
lematic issues that face the veterinary/farrier team
as they develop and employ the treatment strategy
using radiographs as blueprints for pathological foot
issues. The objective is to describe a method that
offers the operator a means of designing the most
appropriate pathological aid using the lateral/me-
dial (LM) and dorsal/palmar or plantar (DP) im-
ages as a blueprint and a means of bringing the
specific goals to fruition. Converting the specific
trim lines of the chosen mechanical plan to the
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hoof capsule is a critical step in the treatment
plan.

2. Designing the Step-by-Step Plan

Designing the strategy and the specific shoe require-
ments requires a sound mechanical plan and this is
where the learning curve gets steep. Current low-
beam LM and DP images reveal the information
that sets the stage for the mechanical thought pro-
cess. Digital radiography offers immediate infor-
mation and the ability to make measurements at
that moment. This seemingly minute detail en-
hances the collaborative team efforts between the
veterinarian and the farrier, as both professionals
are present and involved in the planning process.
The team should study the radiograph and correlate
as many parameter findings to the external charac-
teristics of the hoof as possible. A notepad and
pencil offer a means to learn to feel the forces at play
by sketching or tracing the lateral image along with
the balance of opposing forces (Fig. 1).

The deep digital flexor tendon (DDFT) and lami-
nae are the two basic suspension components of the
coffin bone and digits and in the healthy foot they
share equal force on their respective side of the
coffin bone.2 The support components (sole, frog,
digital cushion, and associated horn wall and bars)
lie distal to and complement the suspension. When
load is transferred through the digits, it appears
that it must first engage the suspension and then
compress the support components maxing out the
natural limitations of the remarkably plastic com-

ponents during peak load. When harmony exists
between the suspension and support components,
the foot is believed to be “balanced” as it has the
ability of full recall following peak load. Hoof capsule
distortions appear when this harmony is lost; the
foot is “out of balance”, and the certain components
of the foot no longer have full recall.

Appropriate DDFT tension is important for nor-
mal digital structure and function.4 However, if
the hoof capsule is weakened by genetics, overload,
injury, disease, environmental factors, or human
interferences, the pull of the DDFT is believed to
cause or exacerbate distortion of the hoof capsule.
The authors share a reliable tendon theory that has
evolved from years of exclusive podiatry practice
and awareness of tissue response and the medical
benefits that are consistently gained by remarkably
reducing DDFT tension that opposes compromised
components. The application of shifting load away
from load-induced vascular compromised tissue to
more healthy zones brings meaning to the phrase,
“applying more mechanics.”

Understanding the forces at play that underlie the
mechanical failure allows for a more precise strate-
gic plan to be formulated. Recognizing the subtle
or not-so-subtle changes in hoof conformation and
understanding what changed internally enables the
team to begin to realize how to alter the internal
forces in an effort to treat the ill effects of capsule
distortion. Designing the strategy and the specific
shoe requirements requires a sound mechanical
plan and this is where the learning curve gets steep.

Fig. 1. A, Sagittal cut of a low-grade club foot reveals the evidence of slightly increased DDFT tension producing an increased ground

PA, healthy digital cushion but a relatively shallow sole depth. Note the linear arrangement of the pastern and dorsal hoof wall.

B, Sagittal cut of a typical low profile contralateral front foot reveals DDFT laxity, which produces a negative ground palmar angle,

weak digital cushion but adequate sole depth. Note the pastern sits well behind the dorsal face of the wall but it would be more

vertical in the live horse increasing load on the sagging tendon and compressed digital cushion.

Fig. 2. A, Radiopaque paste is used to draw the location of the coffin bone on the lateral hoof wall. B, An LM image showing accurate

placement of the radiopaque paste overlying the coffin bone. C, The palmar surface is outlined with radiopaque paste on the solar

surface of the foot over the proposed location of the solar rim of the coffin bone. D, A dorsal-60° proximal-palmar-distal image

confirming accurate placement of radiopaque paste overlying the solar rim of the coffin bone. This exercise helps train the eye to

correlate landmarks with internal anatomy.
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The blueprint can be sketched on a piece of paper or
made right on the radiograph using the measuring
software available on most units. Alternatively, a
picture of the radiograph can be taken on a Smart-
phone or tablet and manipulated as needed. Either
way, reference points should be clearly marked so
that everyone on the team understands the mechan-
ical goals of the trim, fabrication, and application of
the mechanical aid. The eye, brain to hand exer-
cise programs the information and repetitive rein-
forcement starts the development of an instinctive
eye for mechanics. Understanding the precise loca-
tion of the bone before putting the rasp to the foot
can only be known with radiographic data. Apply-
ing radio-opaque paste to the sole and the wall out-
lining the coffin bone helps train the eye (Fig. 2).
The palmar angle (PA), whether positive or nega-
tive, will be reflected in the growth ring pattern
provided it has been a few weeks post trimming.
As a rule, the PA is lowered proportionally to the
amount of heel removed. Therefore, the fresh trim
and existing pattern may not coincide.

Strategy for Increasing Heel Mass

Wide growth rings at the toe and narrow at the heel
will indicate the toe is growing much faster than the
heel and most of these feet will have a negative PA
(Fig. 3). In the authors’ opinion, this is an example
of a suspension deficit or lack of DDFT tension.
Support for this theory lies in the fact that most

low-profile feet have an upright pastern, which sub-
sequently decreased the distance between the origin
and insertion of the DDFT. Imagine the effect of
physically lifting the PA via the DDFT. If this were
possible, the digits would be realigned and effectively
reverse the crushing effect due to inadequate suspen-
sion, accelerate stronger horn growth, and aid regen-
eration of the excessively compressed digital cushion.
However, a modality has yet to be developed that can
increase DDFT suspension capabilities.

Three basic concepts are prevalent relative to
treating the crushed heel.

Option 1. Back the obvious long toe up as hard
as possible to make the toe angle appear larger and
the heels appear stronger. The low-profile foot is
often referred to as a long toe underrun heel, but a
closer exam reveals a very healthy toe and no heel.
Therefore, it is counterproductive to sacrifice the toe
in hopes of making the heel appear stronger. Need-
less to say, this is purely cosmetic and can be frus-
tratingly unproductive.

Option 2. Increase the toe angle and improve
the digital alignment with wedged pads and/or
wedged shoes. Despite its obvious initial improve-
ment in toe angle relative to the ground, digital
alignment, and temporary soundness, this is consid-
ered a temporary fix. Wedging reduces tension on
an already weak DDFT suspension that results in
further heel crushing and frog sag. Farriers world-
wide have learned this lesson the hard way.

Option 3. Trim to a zero, or if possible, a posi-
tive PA and remove the crushed, folded heel tubules.
It is normally not possible to start off with a negative
PA and trim to a positive PA from toe to heel. There-
fore, the strategy must change. Using the lateral ra-
diograph as the blueprint, the treatment strategy can
be planned and followed to meet these prescribed
goals. Determining how to raise the PA of front feet
by lowering the heels would sound impossible were it
not for working knowledge of the influence the DDFT
appears to have on the high/low syndrome (Fig. 4).

Trim the crushed, folded heel tubules back to the
widest point of the frog, starting well behind the
widest point of the foot, taking the horn off at an
angle that exposes stronger tubules on end. This

Fig. 3. The growth rings are wider at the toe than at the

heel. The angle they form is similar to degree of negative pal-

mar angle.

Fig. 4. A, Difference in heel profile in the left vs right forelimb. The left forelimb has inadequate DDFT suspension producing crushed

heels and a sagging frog. In comparison, the DDFT is lifting the caudal aspect of the coffin bone (too much suspension) producing strong

robust heels and a recessed frog. B, Note the negative PA, 3⁄4 shoe, broken back axis, quarter crack (arrow), and proposed trim lines.

C, Second reset with a rockered aluminum shoe with positive pressure frog and buttress bar. D, Right forelimb with a rockered aluminum

shoe. Note the nail placement, sole mass, and relatively equal PA in spite of the remarkable difference in the suspension of left vs right.
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accentuates the frog that was already well below the
ground surface of the heels. It is erroneously re-
ferred to as a prolapsed frog; however, it is the
extreme nature of the folded, crushed heel tubules
that gives it the prolapsed appearance. It should
be left intact as it offers a means to push the digital
cushion dorsally relieving the sagging effect. To
trim to a positive PA from behind the widest point of
the foot forward in a flat or slightly rockered profile,
the farrier should know precisely the sole depth and
PA. When radiographs aren’t available, the sole
can be trimmed as low as possible (Fig. 5).

Using the curved tip of the farrier’s knife, the
exfoliated sole just off the apex of the frog can be
trimmed to live sole just inside the nonpigmented
wall or just in front of the apex of the frog. Either
technique can be a reliable means of understanding
how much sole can be removed to establish a posi-
tive PA and flat plane from the tip of the wings
forward without fear of getting into the solar papil-
lae. To help replace the frog and digital cushion,
weld a bar into the shoe that offers direct, positive
frog pressure. The peak of the rocker should be
directly distal to the center of articulation and de-
signed to offer adequate positive PA. Sole mass is
expected to double when the peak of breakover is
directly distal to the center of articulation. When
fitted to the foot, the frog bar and only the toe quar-

ters are in contact with the foot, the heels of the shoe
should sit 5 to 6 mm away from the heel tubules
creating an air gap. Two nails secure the shoe and
attention should be given to the response of the
horse when the foot is loaded. If there is too much
pressure, the horse will usually pick the foot up.
If it likes it, it will usually off-load the contralateral
foot. Slow motion video can capture the ascend-
ing frog and cushion and expansion of the heel
bulbs. This helps realign the digits, relieves the
excessive load on the heel tubules, and utilizes the
tough strong frog to enhance heel mass. Sounds
similar to the effect one would obtain if it were
possible to physically lift the palmar aspect of the
coffin bone by the DDFT, doesn’t it? The high/low
syndrome is not a problem with the farrier, but a
problem for the farrier. It is not curable but cer-
tainly manageable.

Strategy for Crushed, Negative Plantar Hindlimbs

The foot that follows behind the steeper foot in front
will invariably have a lower heel height and steeper
coronary band than its opposite. The mechanical
thought process is similar to the crushed, negative
palmar forelimb with a few exceptions. The folded
heel tubules are rasped back at an angle just behind
the wings of the coffin bone; however, the shoe is
forged to follow the trim line. Additionally, a shoe is
chosen with a narrow stock thickness so that the very
prominent frog can make contact with the ground and
push the digital cushion back up into the foot (Fig. 6).
Full rockers behind are reserved for the extremely
thin sole, negative PA rear feet. Thinking through
the mechanical and specific requirements of the
breed and disciplines and using radiographs to plan
the strategy this concept offers the operator a means
to eliminate the negative PA, aid heel and digital
cushion restoration all the while allowing the horse
to remain in training and competition.

Strategy for the High-Profile Foot

A more upright hoof angle and strong, robust heels
describes the hoof capsule distortion of the high-

Fig. 5. A, The use of radiographs to determine sole depth and PA

to accurately determine the proposed trim lines. Arrow is indi-

cating the apex of the frog. B, Sole is pared away to identify live

sole just inside the nonpigmented wall (arrow).

Fig. 6. A, The negative PA hind foot has approximately 20 mm of sole depth. Note the trim lines. B, The foot is trimmed in a flat

plane from the wings forward creating a positive PA. Note the radiopaque paste on the trimmed heel, which matches the proposed

trim lines in panel A. C, The aluminum race plate is fitted to the trimmed surface. It is typical to find the lateral heel with more

damage. The shoe branches do not need to be identical as they only make ground contact as the foot lands. The heel rocker reduces

tubule loading on contact as well as through the stance phase. D, Note the slightly rockered heel and flat loading zone.
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profile foot in the high/low syndrome. Based on
this clinical feature, the first author came up with
a grading system that encompasses the different
degrees of hoof capsule distortion seen in the high-
profile or club foot.4

Grade I: Hoof angle is 3° to 5° higher than the
contralateral limb and the pastern is set forward.

Grade II: Hoof angle is 5° to 8° higher than the
contralateral limb with growth rings noticeably
wider at the heels than the toe. The heels do not
touch the ground when trimmed to a normal length.

Grade III: The dorsal hoof wall is dished and
the growth rings at the heel are twice as wide as at
the toe.

Grade IV: The dorsal hoof wall is heavily
dished, and the angle is 80° or more. The coronary
band is as high at the heels as it is at the toe.
The sole is below the ground surface.

A positive PA with diverging growth rings may
vary relative to breed stereotype and pathological
conditions. The PA and degree of growth ring di-
vergence will increase relative to the degree of
continuous muscle tension of the DDFT and are
indicative of too much suspension. Externally,
the degree of growth ring divergence corresponds
roughly to the PA at the end of a trimming or shoe-
ing cycle. In addition to the increased PA, most of
these feet will also have poor sole depth (�10 mm).
This indicates that the increased DDFT tension is
mechanically restricting toe and sole growth by in-
hibiting full papillae function that can consistently
be demonstrated with venography. When the lack
of sole protection presents soundness issues, more
beneficial options other than traditional flat shoeing
concepts should be considered. Mechanical options
are focused on reducing DDFT tension subsequently
freeing up the inhibiting ill effects of under perfu-
sion to solar and dorsal tubular growth centers.

Several treatment options are advocated.
Option 1. Regular farrier care focused on

removing the excessive heel growth has been
advocated by horsemen as well as professionals.
Unfortunately, this has more immediate cosmetic
appeal than benefits. Removing excess heel with-

out regard for the reason it steadily outgrows the toe
can be counterproductive as it increases the very
force that contributed to the heel to toe growth
imbalance.

Option 2. Inferior check desmotomy can be
very effective with the grade II and III club feet,
especially when performed prior to load-induced
bone damage. Optimum results are obtained when
the largest possible surgical gap is obtained at the
time of surgery. Reducing the existing 10° to 15°
PA to zero using radiographic guidelines assures the
largest surgical gap offering optimum results. Pre-
and post-shoeing radiographs are paramount for the
farrier to determine how to trim to a zero capsule PA
with maximum heel mass for the placement of a
slightly extended toe shoe. Farriers are accus-
tomed to trimming toe to heel when lowering the
heel, but this will not result in a zero PA. Instead,
farriers should be familiar with transferring the
trim lines from the lateral image to the foot as it is
a totally different trim plane. To help visualize this
trim line on the foot, place a dot of radio-opaque
paste on the skin frog junction and another on the
apex of the frog. Connecting these two dots on the
lateral image should reveal this plane is parallel to
the palmar rim but slightly distal. The rasp should
lie in the same identical plane as the heel is re-
moved. This technique can have a steep learning
curve but using the image to plan the trim line and
shoe placement helps flatten the curve. Checking
the trim plane frequently with an LM image can
help prevent over trimming and/or an inaccurate
trim plane before it’s too late. The shoe will only
contact the short, flat area of the heel and requires a
compositea to glue it onto the foot and maintain the
zero capsule PA. Caution should be used as many
times the toe will be worn very thin and may have
horn defects that should be protected with wax to
prevent unwarranted abscesses. The authors pre-
fer to apply the pathological shoe prior to surgery to
prevent unwarranted trauma to the surgery site
when the foot is shod post-surgery. Derotating the
PA to zero would greatly increase the tension on the
DDFT and compression on the solar corium if al-

Fig. 7. A, Thoroughbred yearling with grade 3 club. Note the dish in the dorsal hoof wall and diverging heel growth rings. B, LM

image at initial presentation. Note the bone angle (54°) and dish in the dorsal hoof wall as seen by the barium paste. C, Eighteen

weeks (3 resets) after initial application of rocker motion shoe. Note the approximately zero capsule PA but increased overall ground

PA and increased sole depth. The peak of the rocker is slightly forward of the center of articulation. The shoe was set in a thick bead

of adhesivea for each reset. D, Shod for the sale with owner satisfaction. Dish in the dorsal hoof wall is not noticeable.
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lowed to bear weight immediately after being shod.
To avoid unwarranted trauma, apply a custom fit
rubber wedge with one of many cushion support
products. The wedge should establish a 20° to 25°
ground PA and be secured to the shoe with tape or
cast. This offers remarkable DDFT tension release
when the surgeon and farrier are unable to simul-
taneously coordinate the shoeing and surgery. The
mechanical benefits of the post-shoeing wedge also
facilitates the mid-cannon standing approach when
elected and provides an easy PA let down that helps
prevent post-surgical pain.

Option 3. Application of a rocker shoe.
The rocker concept is an option when the check
desmotomy is not an option for clients who are sell-
ing prospective high-level sport and racehorses
as the surgical blemish and potential risk of associ-
ated unsoundness issues can remarkably reduce
their value. Therefore, an efficient shoeing option
should be elected that can help manage the exces-
sive heel and lack of toe growth. It is obvious that
the tension on the DDFT must be remarkably re-
duced. The goal is to lower the heel length to a zero
capsule PA without lowering the ground PA, as that
would immediately defeat the purpose of removing
heel. The rationale behind these goals is to load

the heel tubules at the peak of suspension (the ex-
isting PA) in order to increase load on the heel and
limit heel papillae production as well as decrease the
compressive forces on the solar papillae in order to
enhance sole production. The specific trim lines
are transferred to the foot based on the specifica-
tions made from the LM image with these two goals
in mind. A variety of aluminum fabricated shoes
can be rockered to fit the zero capsule PA and
slightly rockered toe. The shoe should have ade-
quate depth of the branches and the peak of the
rocker placed directly underneath the center of ar-
ticulation to allow the horse to stand comfortably.
Post-shoeing radiographs confirm how well the plan
was followed and can reveal glaring flaws that re-
quire immediate rethinking and alterations (Fig. 7).

When nails are used to attach the rocker shoe to
the more mature foot, the pattern varies consider-
ably from the flat shoe nail pattern. The nails
should be placed in the center of the shoe instead of
forward of the widest point of the foot because the
rocker design allows the shoe to move at the same
speed as the foot, which limits the stress between
the shoe and the hoof. Evidence of this benefit is
revealed in the nail holes that do not show wear
from reset to reset and in reduced wear on the foot

Fig. 8. A, RF LM image. Note the large calcification within the navicular suspensory ligament. B, This very painful lesion (3/5

Obel grade) was treated with a rockered aluminum shoe that raised the ground PA from 3° to 12° and the tendon surface angle from

40° to 50°. Note the location of the lesion and foot mass 6 weeks later.

Fig. 9. A, RF LM image shows a zero capsule PA and a 37° tendon surface angle (TSA) before shoeing. Note the distance between

the navicular bone and proximal P2. B, RF DP image. C, RF 45° dorsopalmar radiograph. Note the large, cyst-like lesion in the

navicular bone in both panels B and C. D, The heels were pushed back to the base of the frog in a similar plane to the palmar rim

and the shoe rockered to create an 11° ground PA and 48° TSA.
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side of the heel branches. Remarkable sole and toe
growth and reduced heel growth is to be expected
with reasonable predictability. The long-term goal
is maintaining an even growth ring pattern and 15
to 20 mm of sole mass.

Case Example 1

Aged trail horse presented with bilateral lameness
that was thought to be due to laminitis. Radio-
graphs and clinical exam indicated that the pathol-
ogy identified within the navicular suspensory ap-
paratus was the most probable cause of lameness
(Fig. 8). Trigger showed a favorable response to
mechanical-enhanced rockers within days and re-
turned to trail riding soundness.

Case Example 2

An 11-year-old barrel mare presented with an acute
onset of a 3/5 right fore (RF) and 2/5 left fore (LF)
lameness. Radiographs and clinical exam indi-
cated that the bilateral, remarkable navicular le-
sions were supportive evidence for the current
lameness (Fig. 9). The mare was shod with rockers
and showed a steady improvement over 6 weeks
and returned to full training and competition fol-
lowing a second reset.

Laminitis

A torrent of clinical evidence supports the tendon
theory as a means to complement the treatment of
laminitis with mechanical applications designed to re-
duce the imbalance between the DDFT and its failing
antagonist, thereby reducing the ill effects of laminae
and solar corium compromise. Vascular compromise
may be the cause and/or secondarily the victim of the
compartmental syndrome and is yet to be determined.
Venographic evidence between the loaded and un-
loaded images consistently reveals the compromising
effect of DDFT tension as it resists the anchoring
forces of its direct antagonist in the healthy foot and is
even more clearly revealed in feet that have remark-
able laminitic damage. The imbalance of the two op-
posing forces is apparently analogous to a game of tug
of war between the DDFT and laminae and the lami-
nae suddenly loses strength. Employing efficient
DDFT tension–reducing pathological aids in a timely
fashion can diminish the devastating ill effect of the
imbalance in forces, ultimately producing remarkable
medical benefits. The goal of pathological shoeing in
this case is effectively aiding perfusion to mechanically
deprived strategic components as soon as possible with
the intent to slow or halt the destructive process.

Fig. 10. A, Initial loaded LM image showing the circumflex vessels are void of contrast along the palmar zone. B, Unloaded LM

image reveals moderate improved patency to the dorsal sub-lamellar and palmar supply. C, Initial loaded DP image. Note the stark

loss of contrast both medial and lateral and along the palmar rim. D, Remarkable improvement in perfusion on the unloaded DP

image. This evidence, coupled with the horn response following the tenotomy, strongly supports the tendon theory.

Fig. 11. A, The trim line is drawn 20 mm distal and parallel to the solar rim of the distal phalanx. This assures optimum weight

transfer from the apex to adequate heel mass once the tendon is severed. B, Seven weeks postop. Note sole and horn growth.

C, Seven weeks postop. Note cornified laminae post-wall ablation and approximately 10 mm new primary horn. D, 9 months postop.

Hoof wall defect has completely grown out. Client had begun easy trail riding.
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Minimizing the destructive mechanical forces of the
DDFT at the onset of the syndrome, or shortly there-
after, can also minimize and/or prevent displacement
of the coffin bone. It is apparent that the cumulative
effect of the initial vascular insult and the additional
mechanical force that contributes to further compro-
mise sets the stage for the cascading series of events
that can steadily destroy the integrity of the stra-
tegic components. Unfortunately, the laminitic
horse is often presented days to weeks after the most
responsive window has long passed.

Even when penetration has occurred, the traditional
recommendation for euthanasia demands further consid-
erations as a well-planned strategic protocol can still
offer a favorable outcome. However, it does not come
easy or inexpensive. Dean Richardson said it best con-
cerning the many obstacles that face catastrophic ortho-
pedic injuries and his thoughts parallel the authors’
concerning laminitis: “There is little question that
the option, acceptance, and ease of euthanasia
combined with the expense and practical difficulty

of treating ‘laminitis’ have thwarted more rapid
advances in the field of podiatry.”

Case Example 1

Polly, a trail mare, was presented with bilateral
chronic laminitis, abscess draining RF and protruding
granulation along the dorsal face, presented 8 weeks
post-onset grade 4 out of 5 lame. The degree of dis-
placement did not allude to the lesion intensity that
was revealed in the venograms (Figs. 10 and 11).
The remarkable level of improved perfusion between
the loaded and unloaded images was valuable infor-
mation that helped advise the client concerning the
urgent need to perform a DDFT tenotomy combined
with derotation shoeing and decompression of the sole/
wall sepsis versus the more conservative mechanical
option. Information obtained from venogram is being
utilized more often as veterinarians learn the tech-
nique, indications for performing, and developing in-
terpretive skills. They can be helpful when planning
treatment strategies.

Fig. 12. Right forelimb. A, LM image with the application of a wedged cuff shoe showing a 25° capsule PA and 38° ground PA.

B, Loaded LM image revealed stark loss of contrast at the coronary/dorsal hoof. Note the distinct cutoff of contrast at the site of

drainage. The white line indicates the trim line. C, The shoe was held on the trimmed heel with farrier tongs to verify the trim plane

created a zero capsule PA. D, LM image post-shoe application. The air gap identified between the shoe and foot was filled with

cushion support and glued on with Equilox. The sole wall junction was opened for drainage as indicated by the line. Note the

parallel arrangement between the palmar rim and the foot side of the shoe. This is an important mechanical requirement. A

positive capsule PA at the time of surgery limits reperfusion to the solar plexus.

Fig. 13. Left forelimb. A, Initial loaded LM image revealed marked perfusion deficits at the coronary plexus, dorsal sub-lamellar and

circumflex vessels. B, The coronary cap, circumflex and solar plexus revealed very little response in the unloaded view. C, Post-shoeing

LM image reveals useful data. The extensive blowout (arrow), the sole/wall junction that was opened for septic drainage, zero capsule PA

that was maintained with adequate heel mass, the rubber under the apex needs to be trimmed back past the apex of the distal phalanx, as

well as the excess on the ground surface. The foot is returned to a 20° device to prevent unwarranted DDFT tension prior to the tenotomy.

D, A wall ablation was performed to relieve the impaired circulation. A custom fit piece of half-inch, betadine-impregnated felt was placed

in the hoof wall defect and wrapped tightly below the coronary band with 2-inch elasticon and changed daily until the laminae fully cornified.
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Case Example 2

Broodmare in foal, first trimester with bilateral lamini-
tis approximately 8 weeks post onset. There was
drainage at the dorsal coronary bands bilaterally,
but the mare was surprisingly quite sound (1 of 5).
Both front feet were placed in 15° cuffed wedge
shoes for the exam to minimize further damage to
the vulnerable apex and traumatized solar corium
while radiographs were performed and the planned
determined. Baseline radiographs showed marked
rotation with minimal bone damage. Venograms
were certainly not needed to know that tenotomies
were indicated but provided information that offered
encouragement for a reasonably good prognosis even
though the ultimate prognosis was dependent on the
quality and speed of vascular reperfusion to the
laminae and solar corium. The degree of lameness
is not a reliable damage indicator and even radio-
graphs can offer strikingly different conclusions
than venograms. Both feet were derotated using
radiographic control with the goal of setting the
capsule PA to zero and leaving 20 mm of heel mass.
A 5° wedge rail shoe with an extended heel is ap-
plied to prevent toe lift and excessive luxation of the
coffin joint when the tendon is cut. The mechan-
ical requirements that are necessary to optimize
the post-surgery medical benefits are paramount
and demand the greatest respect and interest

(Figs. 11–16). This ongoing case was showing a
favorable response at the time of this report due to
the intense collaborative efforts of Harvey Sch-
neiter DVM; his farrier, Craig Wilson; and the
first author.

These cases point out the potency of mechanics
when used to temporally eliminate the function of the
DDFT and the contributing ill effects of it opposing the
dysfunctional laminae anchor. The medical benefits
that can be obtained are the summation of the tenot-
omy, wall ablation and ongoing strategic follow up.

4. Conclusion

Planning the strategy for pathological shoeing based
on radiographic data and the mechanical require-
ments necessary to enhance the healing environment
was found to be very useful in treating career- and
life-threatening foot issues. The learning curve for
the mechanical thought process based on the tendon
theory is steep for both farriers and veterinarians.
It is quite clear that all parties need good experience;
must understand the subject matter, their roles, and
the gravity of their responsibilities, as well as be able
to allocate sufficient time and effort to see the task to
fruition. Podiatry issues can often be frustrating
when team members are not experienced with the
intensity of gathering adequate information required
to develop a realistic treatment strategy and utilizing

Fig. 14. Three months postop. A, Left pre-trim LM image. Note the uniform growth patterns toe to heel, zero capsule PA, and the

proposed trim line. B, Right pre-trim LM Image. Note capsule PA increased and consequently less sole growth. This is a typical

response of the steeper (club) foot. C, Left fore post-reset. D, Right fore post-shoe removal with proposed trim line. The trim line

should be adjusted to a positive capsule PA if the heel doesn’t comfortably make ground contact. The excessive old toe growth is left

in place until it has grown down to the level of the apex.

Fig. 15. Four months postop. Left forelimb (A, C), right forelimb (B, D). A and B, Nearly 40 mm of sole on both. A metal rod was

used to locate the trim line with the goals to leave a minimum 20-mm sole depth and a zero capsule PA. Note the old horn location.

C and D, The hoof was marked using the metal rod and x-ray as a guide.
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it to design, fabricate, and apply shoes and or devices
as treatment aids. Overall the working knowledge of
the basic suspension/support theory has helped the
veterinary/farrier team better understand how to de-
velop a well-defined strategy plan for pathological
shoeing. Radiographs used as blueprints provide in-
formation that is paramount for the planning and fol-
low-up protocols. A disciplined, methodical strategy
plan has helped improve the success rate of career-
and life-threatening podiatry issues.
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Fig. 16. Four months postop. A, The feet were trimmed to the prescribed line; this resulted in discomfort due to the lower PA.

B, Note the uniform growth pattern, quality, and quantity of new horn. C and D, Wedged shoes with heel extension were applied and

offered improved comfort.
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1. Introduction

Vaccines from different manufacturers are often
used interchangeably despite differences in strains,
adjuvants, and antigen masses. There are no stud-
ies that show if this practice leads to an adequate
antibody response in horses. The objective of this
study was to use the hemagglutination inhibition
(HI) assay to investigate the humoral immune re-
sponse to the equine influenza virus (EIV) vaccine
from different manufacturers’ administered to pre-
viously immunized healthy adult horses.

2. Materials and Methods

This was a prospective study using 64 healthy, adult
horses historically vaccinated with the same EIV
commercial product over the years. Experimental
subjects were divided into 3 groups of 20 horses
(groups 1, 2, and 3) and vaccinated with 3 different
commercially available vaccines. Each group was

further subdivided into subjects that received one
dose of the respective vaccine and those that re-
ceived a second dose 30 days later. A fourth group
of 4 horses served as environmental sentinels.
Serum was collected at different time points from all
subjects over 180 days in order to assess antibody
responses to contemporary EIV Florida sublineage
clade 1 and 2 strains by HI assay. The Kruskal
Wallis test was used to determine significant differ-
ences in antibody responses among groups. Statis-
tical significance was set at P � 0.05.

3. Results

For all three vaccine groups, there was a significant
difference between antibody titers measured pre-
and postadministration of the first dose of vaccine.
In contrast, there was no significant difference be-
tween day 30 titers and titers at subsequent time-
points, even in those horses that received a second
dose of vaccine on day 30. One limitation is that
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titers based on the HI assay are not reflective of
protection.

4. Discussion

In previously immunized horses, administration of a
different commercial influenza vaccine containing a
different sublineage clade stimulates equivalent HI
antibody titers after one booster vaccination.
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1. Introduction

Experimentally, hyper-immune plasma (HIP) to the
bacterial polysaccharide poly-N-acetyl glucosamine
(PNAG) protected foals against presumed Rhodo-
coccus equi pneumonia. However, efficacy data of
PNAG HIP under field conditions are lacking.

2. Materials and Methods

This study was conducted during the 2019 breeding
season at two large breeding farms with a history of
R. equi pneumonia. Foals were randomly assigned
to be transfused within 24 hours of birth with 2 L
(�40 ml/kg) of either anti-PNAG or anti-R. equi
HIP. Foals at Farm A (n � 120) were monitored
twice daily for clinical signs of pneumonia, and foals
at Farm B (n � 120) were monitored ultrasono-
graphically for subclinical pneumonia attributed to
R. equi. Study investigators were masked to the
plasma identity until after the analysis was com-
pleted. Serum was collected post-transfusion to

test for antibodies by ELISA against PNAG, com-
plement (C1q) deposition activity onto PNAG, and
R. equi VapA protein titers. Antibody titers to
PNAG, C1q, and VapA were compared using gener-
alized linear modeling between foals that developed
pneumonia (clinical or subclinical) and foals that
did not develop pneumonia (Farm A) or subclinical
pneumonia (Farm B).

3. Results

Titers to PNAG and C1q titers were significantly
(P � 0.05) higher among foals protected against
either clinical or subclinical pneumonia, but VapA
titers were not.

4. Discussion

Titers to PNAG or C1q deposition activity correlated
with reduced diagnoses of presumptive R. equi
pneumonia under field conditions.
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1. Introduction

Rhodococcus equi is an important cause of foal pneu-
monia for which transfusion of plasma hyperim-
mune against R. equi (REHIP) has efficacy in
reducing disease incidence. However, limited data
are available regarding the optimal plasma volume
to transfuse.

2. Materials and Methods

Records were reviewed from 158 foals born in 2019
at 2 farms in New York to determine whether foals
transfused with 2 L of REHIP were less likely to
develop R. equi pneumonia than foals transfused
with 1 L. Foals with pulmonary abscesses of diam-
eter �1 cm that developed at least 3 of the following
clinical signs were defined as presumed rhodococcal
pneumonia: coughing, tachypnea, increased respi-
ratory effort, fever, or lethargy.

3. Results

Foals transfused with 2 L of REHIP were signifi-
cantly (P � 0.05) less likely to develop pneumonia
(30%, 19/64) than foals transfused with 1 L or less
(62%, 58/94). Foals born during April or May
(59%, 44/74) were significantly (P � 0.01769) more
likely to develop pneumonia than foals born before
April (39%, 33/84). The odds of pneumonia re-
mained significantly (P � 0.0457) lower among
foals transfused with 2 L after adjusting for ef-
fects of birth-month using multivariable logistic
regression.

4. Discussion

Transfusion of 2 L of REHIP is superior to transfu-
sion of 1 L for decreasing the cumulative incidence of
subclinical R. equi pneumonia.
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Isolates from Horses to Trimethoprim/
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In vitro susceptibility testing of 479 bacterial isolates from horses, including Streptococcus equi subsp.

zooepidemicus (n � 282), S. equi subsp. equi (n � 55), Corynebacterium pseudotuberculosis (n � 96),

and Actinobacillus equuli (n � 46) revealed that 478 (99.7%) were highly susceptible to both

trimethoprim/sulfadiazine (TMP-SDZ) and trimethoprim/sulfamethoxazole (TMP-SMZ). Minimum

inhibitory concentration (MIC) values for all susceptible isolates were between �0.12/2.4 �g/mL and

1/19 �g/mL for both drug combinations and most isolates were susceptible to the lowest concentration

tested (�0.12/2.4 �g/mL). Whereas 52.5% of S. zooepidemicus isolates and 60% of S. equi isolates

had an MIC value for TMP-SDZ that was one concentration higher than for TMP-SMZ, this result is

unlikely to be of clinical significance and does not justify the extra-label use of TMP-SMZ in preference

to available FDA approved oral TMP-SDZ formulations. Authors’ address: Department of Medi-

cine and Epidemiology, School of Veterinary Medicine, University of California–Davis, Davis, CA

95616; e-mail: wdwilson@ucdavis.edu. *Corresponding and presenting author. © 2020 AAEP.

1. Introduction

Bacterial infections are common in adult horses and
foals and are associated with substantial morbidity
and mortality. Streptococcus equi subsp. zooepi-
demicus (S. zooepidemicus), S. equi subsp. equi (S.
equi), Actinobacillus equuli (A. equuli) and, in some
geographic areas, Corynebacterium pseudotuberculo-
sis (C. pseudotuberculosis), are among the most prev-
alent and important bacterial pathogens, causing
disease in the respiratory tract and other body sys-
tems.1 Potentiated sulfonamides (trimethoprim/sul-
fonamide combinations) are frequently included in
treatment protocols for infections with these and other
bacteria because a broad spectrum of pathogens are
susceptible to these drugs.2 Additionally, potentiated
sulfonamides are well absorbed following oral admin-

istration to both adult horses and foals.3–7 Of the
potentiated sulfonamides, only trimethoprim/sulfadia-
zine (TMP-SDZ) formulations are currently FDA ap-
proved for use in horses; the label indication being
treatment of lower respiratory tract infections caused
by S. zooepidemicus. For many years, TMP-SDZ for-
mulations for oral use were not available in the United
States; therefore, practitioners instead used the
human-label trimethoprim/sulfamethoxazole (TMP-
SMZ) formulations in an extra-label manner, in com-
pliance with the provisions of the Animal Medicinal
Drug Use Clarification Act (AMDUCA).8 Now that
several FDA-approved TMP-SDZ products are avail-
able, there is minimal justification for use of the hu-
man-label TMP-SMZ formulation because such use is
rarely justified under the provisions of AMDUCA.
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These include the provision that there is no approved
new animal drug that is labeled for such use and that
contains the same active ingredient, which is in the
required dosage form and concentration, except where
a veterinarian finds, within the context of a valid
veterinarian-client-patient relationship, that the ap-
proved new animal drug is clinically ineffective for its
intended use.8 Two important determinants of clini-
cal efficacy of antibiotics are pharmacokinetics, includ-
ing bioavailability following administration by routes
other than intravenous, and susceptibility of com-
monly encountered bacteria to the antimicrobial drug
or combination in question.1,9 Several studies have
shown that TMP-SDZ is well absorbed after oral ad-
ministration to horses and has a pharmacokinetic pro-
file that is consistent with efficacy following oral
dosing at 12-hour intervals.4–7,10 To date, there is a
paucity of data regarding the comparative in vitro
susceptibility of S. zooepidemicus and other equine-
origin bacterial pathogens to TMP-SDZ and TMP-
SMZ. The objective of this study was therefore to
generate such data for S. zooepidemicus and other
common equine pathogens.

2. Methods

Antimicrobial susceptibility testing was performed
on equine-origin isolates of S. zooepidemicus (n �

282), S. equi (n � 55), C. pseudotuberculosis (n �

96), and A. equuli (n � 46). The Actinobacillus spp.
tested included A. equuli subsp. equuli (n � 14), A.
equuli subsp. hemolyticus (n � 14), A. equuli subsp.
hemolyticus biovar 1 (n � 14), and A. equuli subsp.
hemolyticus biovar 2 (n � 5). These bacteria had
been collected between 1986 and 2016 from adult
horses and foals with clinical disease, and had been
stored as frozen stabilates at �80°C in skim milk
or on glass beads.a The identity of each bacterial
isolate was confirmed based on colony morphology,
Gram-staining characteristics, biochemical charac-
teristics, and results of genetic testing using the
matrix-assisted laser desorption ionization–time of
flight mass spectrometry system. Susceptibility
testing was performed using the broth microdilution
procedureb, following Clinical Laboratory Standards
Institute protocols.11 Briefly, one bacterial colony
was inoculated into brain heart infusion broth and
incubated for 4 hours at 35°C. A small amount of
this inoculated broth was then added to 0.85% NaCl
solution to achieve a 0.5 McFarland Standard con-
centration, as measured using a nephelometer.
Ten microliters of this suspension were added to
Mueller Hinton broth, and platesb were inoculated
with 100 �L of the Mueller Hinton broth in each
well. The following bacterial strains were run
weekly as controls in accordance with the standard
quality control procedures in place at the Veterinary
Medical Teaching Hospital Microbiology Laboratory
(MDL): Staphylococcus aureus America Type Cul-
ture Collection (ATCC) 29213, Enterococcus faecalis
ATCC 29212, E. coli ATCC 25922, E. coli ATCC
35218, and Pseudomonas aeruginosa ATCC 27853.

SensititreTM platesb were custom made for the
MDL by the manufacturer. The range of TMP-SDZ
or TMP-SMZ concentrations tested was 0.12/2.4
�g/mL to 8/152 �g/mL for each antimicrobial combi-
nation. The minimum inhibitory concentration
(MIC) was recorded as the lowest concentration of
antimicrobial drug combination (TMP-SDZ or TMP-
SMZ) that inhibited visible growth of bacteria.
An isolate was considered to be susceptible to TMP-
SDZ or TMP-SMZ if its MIC value was � 2/38 �g/
mL, as recommended by the Clinical Laboratory
Standards Institute.11 The respective concentra-
tions at which 50% (MIC50) and 90% (MIC90) of
isolates of a particular bacterial species were sus-
ceptible to TMP-SDZ and TMP-SMZ, were also de-
termined. In order to create numerical data that
could be analyzed, only the concentration of TMP in
the fixed ratio combination was used. Concentra-
tions that were at or below the lower limit of quan-
titation of the MIC test (i.e., � 0.12 �g/mL) were
ascribed a value of 0.12 �g/mL to facilitate statisti-
cal analysis using the Wilcoxon signed-rank test for
paired data. A P-value of � .05 was used to ascribe
statistical significance to differences between groups
(TMP-SDZ vs TMP-SMZ).

3. Results

Overall Findings

The MIC values for both TMP-SDZ and TMP-SMZ
against isolates of S. zooepidemicus, S. equi, C. pseu-
dotuberculosis, and A. equuli are shown in Table 1.
Of the 479 isolates tested, only 1 (0.21%), a S. zooepi-
demicus isolate, was resistant to TMP-SDZ. The
same isolate was also resistant to TMP-SMZ.

S. equi subsp. zooepidemicus

Of the 282 S. zooepidemicus isolates tested, 281
(99.6%) were susceptible to both TMP-SDZ and
TMP-SMZ (MIC � 2.0/38 �g/mL), whereas 1 (0.4%)
isolate was resistant to both drug combinations
(MIC � 8/152 �g/mL). With the exception of the
resistant isolate, all S. zooepidemicus isolates were
highly susceptible, with MIC values ranging be-
tween �0.12/2.4 �g/mL and 1/19 �g/mL for both
TMP-SDZ and TMP-SMZ (Table 1). One hundred
thirty-four of the 282 S. zooepidemicus isolates
(47.5%) had an MIC value that was the same for
both TMP-SDZ and TMP-SMZ, whereas 148 isolates
(52.5%) had an MIC value for TMP-SDZ that was
one concentration higher than for TMP-SMZ. In
other words, 52.5% of isolates were one dilution less
susceptible to TMP-SDZ than to TMP-SMZ. Statis-
tical analysis showed this difference to be highly
significant (P � .0001). The MIC50 values for TMP-
SDZ and TMP-SMZ were 0.25/4.75 �g/mL and
0.12/2.4 �g/mL, respectively. The MIC90 value for
both drug combinations was 0.25/4.75 �g/mL.

S. equi subsp. equi

Of the 55 S. equi isolates, all (100%) were highly sus-
ceptible to both drug combinations (MIC range of
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�0.12/2.4 �g/mL to 1/19 �g/mL). For TMP-SDZ, 21
isolates had an MIC of �0.12/2.4 �g/mL, 33 had an
MIC of 0.25/4.75 �g/mL, and 1 had an MIC of 0.5/9.5
�g/mL (Table 1). For TMP-SMZ, 50 isolates had an
MIC of �0.12/2.4 �g/mL and 5 had an MIC of 0.25/4.75
�g/mL. Twenty-three (42%) of the 55 S. equi isolates
had the same MIC for both TMP-SDZ and TMP-SMZ,
33 (60%) had an MIC for TMP-SDZ that was one
concentration higher than for TMP-SMZ and 1 (1.8%)
had an MIC value for TMP-SMZ that was 1 concen-
tration lower than for TMP-SMZ. Statistical analysis
showed MIC values for TMP-SMZ to be significantly
lower than those for TMP-SDZ (P � .0001). The
MIC50 and MIC90 for TMP-SDZ were both 0.25/4.75
�g/mL, whereas the MIC50 and MIC90 for TMP-SMZ
were both �0.12/2.4 �g/mL.

A. equuli

All A. equuli isolates were highly susceptible to both
TMP-SDZ and TMP-SMZ; MIC values ranged from
�0.12/2.4 �g/mL to 0.5/9.5 �g/mL for both drug com-
binations (Table 1). MIC values for TMP-SDZ were
identical to those of TMP-SMZ. Forty-four of the
47 isolates (93.6%) had MIC values of �0.12/2.4
�g/mL for both drug combinations, 2 isolates (4.3%)
had MIC values of 0.25/4.75 �g/mL and 1 isolate
(2.1%) had an MIC value. of 0.5/9.5 �g/mL. No
significant differences were observed in MIC values
between TMP-SDZ and TMP-SMZ.

C. pseudotuberculosis

All isolates of C. pseudotuberculosis were highly sus-
ceptible to both TMP-SDZ and TMP-SMZ and the two
drug combinations showed equal antimicrobial activ-
ity (Table 1). The MIC value for 95 of 96 isolates was
�0.12/2.4 �g/mL for both TMP-SDZ and TMP-SMZ.
The remaining isolate had an MIC value of 0.25/4.75
�g/mL for both drug combinations. The MIC50 and
MIC90 values were �0.12/2.4 �g/mL for both TMP-
SDZ and TMP-SMZ and no significant differences
were observed between them.

4. Discussion

The almost universal susceptibility of the commonly
encountered equine bacterial pathogens tested in

this study to the potentiated sulfonamide antimicro-
bials attests to their potential utility for treating a
range of Gram-positive and Gram-negative bacterial
infections in horses. Of the potentiated sulfon-
amide antimicrobials, only the TMP-SDZ combina-
tion is licensed for use in horses; the label indication
being treatment of respiratory infection caused by
S. zooepidemicus. In addition to the favorable
pharmacokinetic profile of TMP-SDZ after oral ad-
ministration to both adult horses and foals, the label
indication is supported by the findings of this anti-
microbial susceptibility study. Two hundred
eighty-one of 282 (99.6%) S. zooepidemicus isolates
were found to be susceptible to TMP-SDZ (MIC
�2/38 �g/mL). Of these, 276 (97.2%) were suscep-
tible at concentrations � 0.25/4.75 �g/mL. Al-
though statistical analysis using the Wilcoxon
signed-rank test showed that MICs for TMP-SMZ
were significantly lower than those for TMP-SDZ
against S. zooepidemicus and S. equi, this difference
was typically one dilution and is unlikely to be of
clinical significance because the MIC was approxi-
mately 10-fold lower than the cut-off for susceptibil-
ity (2/38 �g/mL). Additionally, those isolates that
had MIC values greater than 0.25/4.75 �g/mL for
TMP-SDZ also had higher MIC values for TMP-
SMZ. Furthermore, Diagnostic Laboratories rarely
include concentrations lower than 0.5/9 �g/mL in
quantitative (MIC) susceptibility tests on clinical
isolates or use the non-quantitative Kirby-Bauer
test. Under these circumstances, reported suscep-
tibility profiles for TMP-SDZ and TMP-SMZ would
typically be identical.

The above results do not support the extra-label
use of TMP-SMZ in preference to approved formu-
lations of TMP-SDZ; in fact, such use of TMP-SMZ
could be interpreted as violating the provisions of
the AMDUCA and should be discouraged.
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Table 1. MIC Values for TMP-SDZ and TMP-SMZ Against Isolates of Streptococcus. equi subsp. zooepidemicus, S. equi subsp. equi, Corynebac-

terial pseudotuberculosis and Actinobacillus equuli

Organism (No. of Isolates) Antimicrobial*

No. of Isolates Susceptible at Each Antimicrobial Dilution (�g/mL)*

�0.12/2.4 0.25/4.75 0.5/9.5 1.0/19 2.0/38 4.0/76 8.0/152

S. zooepidemicus (282) TMP-SDZa 101 175 4 1 1

TMP-SMZa 243 37 1 1

S. equi (55) TMP-SDZb 21 33 1

TMP-SMZb 50 5

C. pseudotuberculosis (96) TMP-SDZ 95 1

TMP-SMZ 95 1

A. equuli (46) TMP-SDZ 43 2 1

TMP-SMZ 43 2 1

*Mean MIC values for antimicrobials (TMP-SDZ and TMP-SMZ) identified with the same superscript letter are significantly
different from each other (P � .001) for the bacterial species included in each row.
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1. Introduction

Current diagnostic testing for strangles requires
confirmation of S. equi detection via conventional
bacterial culture and/or polymerase chain reaction
(PCR). The latter analytical platform is considered
to be the gold standard for detection of the strepto-
coccal organisms. The study aimed at validating a
point-of-care (POC) PCR assay for the detection of
Streptococcus equi subspecies equi (S. equi) in ros-
tral nasal swabs from horses with suspected acute
strangles and to compare the results against the
molecular gold standard of quantitative polymerase
chain reaction (qPCR).

2. Materials and Methods

Two hundred thirty-two individual swabs collected
from the rostral nasal passages were characterized

via qPCR as S. equi positive, S. equi subspecies
zooepidemicus (S. zooepidemicus) positive, and S.
equi and S. zooepidemicus negative by qPCR. The
samples were analyzed using the POC PCR accord-
ing to the manufacturer’s recommendations. Fur-
ther, limit of detection was determined using 10-fold
dilutions of a plasmid containing the S. equi target
sequence (eqbE gene).

3. Results and Discussion

The overall agreement between the two PCR plat-
forms was 85.8%. The specificity and sensitivity of
the POC PCR assay was 89% and 84%, respectively.
The limit of detection of the qPCR assay and the
POC PCR analyzer was 3 and 277 eqbE target genes
of S. equi, respectively. Overall agreement and
short turnaround time make the POC PCR assay a

436 2020 � Vol. 66 � AAEP PROCEEDINGS

MEDICINE: INFECTIOUS DISEASES

Research Abstract�for more information, contact the corresponding author

NOTES



potential molecular diagnostic platform allowing de-
tection of S. equi.
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1. Introduction

Horses receiving antimicrobials may develop diar-
rhea due to changes in the gastrointestinal micro-
biome. This matched case-controlled study compared
the fecal microbiome in hospitalized horses on antibi-
otics that developed diarrhea (AAD), hospitalized
horses on antibiotics that did not develop diarrhea
(ABX), and a healthy, non-hospitalized control popu-
lation (CON).

2. Materials and Methods

Naturally voided fecal samples were collected from
AAD horses (n � 17) the day that diarrhea devel-
oped and matched to ABX (n � 15) and CON (n �

31) horses for diet, antimicrobial agent, and dura-
tion of antimicrobial therapy (� 5 days or � 5 days).
Illumina sequencing of 16S rRNA genes on fecal
DNA was performed. Alpha and beta diversity
metrics were generated using QIIME 2.0. A

Kruskal-Wallis with Dunn’s post-test and analysis
of similarities (ANOSIM) testing was used for sta-
tistical analysis.

3. Results

Microbiome composition in AAD was significantly
different from CON (ANOSIM, R � 0.568, P � .001)
and ABX (ANOSIM, R � 0.121, P � .0012). The
microbiome of AAD and ABX horses had significantly
decreased richness and evenness than CON horses
(P � .05). Actinobacteria (q � 0.0192) and Bacte-
roidetes (q � 0.0005) were different between AAD and
CON. Verrucomicrobia was markedly decreased in
AAD compared to ABX and CON (q � 0.0005).

4. Discussion

Horses with AAD have a dysbiosis compared to CON
horses, and show minor differences in bacterial com-
munity composition to ABX horses.
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1. Introduction

Endoscopy of the upper airway is an integral part of
the examination of racing and prospective racing
horses. Since the development of flexible endo-
scopes, the procedure has become more and more
commonplace. Although video endoscopy has been
available for decades, portability to make video en-
doscopy a simple stall-side procedure has only been
developed in recent years. This portability makes
production of a large number of video-endoscopy
studies in a short time frame a much more feasible
procedure.

2. Why

During public auction, often, large numbers of buy-
ers are interested in individual horses for purchase.
Many of these buyers will have enough interest in
an individual horse that they will engage their vet-
erinarian to examine the animal via upper airway
endoscopy. It is not uncommon for popular horses
to have multiple exams of more than 10 veterinari-
ans performing endoscopic examinations in a single
day. As a matter of fact, at some very popular
sales, it becomes commonplace.

There are concerns that multiple upper airway
examinations on a particular horse could lead to
injury or inflammation that may either harm the

horse or lead to changes in its airway appearance
over a short time frame. Other concerns are based
on the thought that many endoscopic procedures
under restraint on individual horses represent
some level of unnecessary discomfort to the animal.

More than 20 years ago, it was recognized that
multiple examinations of horses with radiography
during the presale period was cumbersome and dif-
ficult to complete for both the veterinarian and the
sales consignor. To address this issue, sales repos-
itories were created to house presale radiographs
taken by the consignor’s veterinarian during the
days leading up to the sale.

Although endoscopy of horses is less of a time
commitment to the veterinarian, having video-
endoscopy studies also placed in the sales repository
has advantages. It may reduce the number of ex-
ams performed on an individual horse, thus decreas-
ing the amount of stress and discomfort placed on
the animal. It will also allow the veterinarian that
is employed by a potential buyer to be more time
efficient in their workload when they must negotiate
multiple exams during a short time period.

3. Current Examples

As of the 2019 US auction season, availability of
video-endoscopy studies that have been produced by
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the sales consignor’s veterinarians has become more
and more commonplace. Many of these have been
placed in the sales repository for viewing yet, at the
time of this writing, there are very few protocols
established as far as requirements or minimum
standards for these videos. Also, the major US auc-
tion companies have not currently altered their con-
ditions of sale warranties on airways to reflect any
relationship to the video-endoscopy exam provided.

Other Thoroughbred sales throughout the world,
such as those held in England, Ireland, Francea,
Australia, and New Zealandb have seen varying ac-
ceptance of the use of repository video-endoscopy
exams. None of the auction companies in these
countries have mandated that video-endoscopy stud-
ies be provided for buyers to view.

4. American Association of Equine Practitioners

Guidelines

In 2016 a working group of the American Associa-
tion of Equine Practitioners (AAEP) was established
to develop standards and protocols for video endos-
copy at sales due to continued interest and discus-
sion by the industry stakeholders. This working
group produced the following:

Protocol for Pre-Sale Video-endoscopic Examina-
tion of the Upper Airway at Public Auction (2016)c

● Equipment must be capable of producing a
digital video image of excellent quality.

● Horse must be identified appropriately, and
that identification must be in digital format
with character generation on the screen,
and/or video of the catalog page, followed by
unbroken video of the face prior to introduction
of the scope into the nares (right or left) and up
to the larynx. This is a single-stream video
with no editing. The veterinarian performing
the video, or the consignor will submit each
upper-airway video on an individual flash
drive or CD. Upper airway videos should be
stored in a file separate from the radiographs
in the repository in case of client request for
one or the other.

● Standard technique must include maximum
abduction of the arytenoids induced by swallow-
ing (multiple times) and nasal occlusion. The
duration of the video must be sufficient to iden-
tify all laryngeal and pharyngeal structures as
well as observing their maximal function within
the context of a resting exam.

● The interval between the pre-sale video-endo-
scopic exam and the selling session will not
exceed 10 days.

5. Equipment

As mentioned before, recent developments in video-
endoscopy equipment has allowed more portability
and thus ease of use to make production of quality
endoscopy studies more common. It is no longer
required to transport large-tower video-endoscopy

units to the horse or to transport the horse to a
facility with such equipment to create a good study.
There are currently several portable units on the
market. These units vary from video camera–
equipped fiberoptic endoscopes to digital scopes
with video viewing attached or with Wi-Fi or
Bluetooth wireless connectivity. Several of these
units have simple character generation capability
and some even have the capability to read the sub-
ject horse’s identifying microchip and add that in-
formation to the video produced.

6. Procedure

Producing the video requires one to approach the
procedure in a standardized fashion so that each
video created is similar in basic format. Although
it may be required from time to time, tranquilization
should not be a standard procedure as it may affect
function of the airway to some degree. Most horses
tolerate the procedure well under traditional meth-
ods of restraint and will not need tranquilization.

As discussed in the AAEP-approved protocol
above, the exam requires either character genera-
tion that identifies the horse embedded in the video
produced and/or the visualization of the horse’s cat-
alog page and the horse’s face in one continuous
video stream as one introduces the scope into the
nares. The author suggests doing both so that
there is little question as to the identity of the horse
being examined.

It is important that when doing the exam, that
one is conscious to not only visualize all important
pharyngeal and laryngeal structures but to also be
aware that frequent movement of the scope within
the upper airway can make the video hard to watch.

Nearly all exams will be done visualizing only one
nasal passage as it is somewhat rare in horses at a
sale to be concerned about issues with the structures
within that part of the airway. Once in the phar-
ynx, it is important to view the guttural pouch open-
ings and the pharyngeal recess as well as directing
downward to visualize the larynx and soft palate.
Fields of view among video endoscopes vary and
although many scopes will have a large enough field
of view to see the entire pharynx/larynx without
moving, others will have to be repositioned to see all
structures.

The examination of upper airways at sales is
mostly concerned with laryngeal structure and func-
tion, epiglottis structure and soft palate dynamics.
These structures and functions must be viewed on
the video in sufficient fashion as to give the viewer
an adequate idea that they would feel as comfortable
viewing the video as they would if they performed
the examination themselves. This requires the vet-
erinarian creating the video to take appropriate
time to adequately view all structures, make the
horse swallow multiple times and also to occlude the
horse’s nares to make the horse take several deep
breaths to exhibit its maximal arytenoid movement.
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It is understood by most that even an excellent
video may not be satisfactory to all that would view
them due to multiple issues. Some veterinarians
may not be satisfied with the length of the exam or
timeliness of the procedure related to the actual
time of the sale. There also may be concerns by
some examining veterinarians that sales conditions
do not adequately protect the buyer from a changing
airway due to conditions of inflammation from the
time of the initial exam to the time of the actual sale
of the horse. But a well-produced video that is rep-
resentative of the horse at the time the exam is
performed will likely reduce the number of exami-
nations needing to be performed on the individual
sale horse.

7. Sales Conditions

At the time of this writing, none of the major sales
companies in the US have addressed any conditions

of sale that would be affected by the placement of
video-endoscopy studies that are placed in the
repository.
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1. Introduction

Nasal discharge can represent something benign,
life threatening, or anything in between. For these
reasons, the examiner should have an idea of what
could be causing the discharge based on the history
and clinical signs so they are sure to look thoroughly
in the correct area during an endoscopic examina-
tion. Most cases of nasal discharge will be unilat-
eral and the examiner can focus on one side.
However, it is always important to evaluate both
sides, preferably the “normal side” first to see what
normal is for this particular horse and to see if there
are any abnormalities that are not yet clinically
evident.

The source of any nasal discharge can usually be
determined by a comprehensive upper airway endos-
copy. Split the examination into the main compart-
ments: guttural pouch, pharynx, sinus cavities, and
nasal passage. Discharge emanating from the cau-
dal aspect of the middle meatus is almost always the
result of fluid exiting the sinus cavity through the
nasomaxillary opening and is indicative of either a
primary or secondary sinusitis. Infrequently, the
disease process drains into the nasal cavity further
rostrally, and the origin of the discharge can only be
seen if the endoscope is passed down the entire
middle meatus. For this reason, the endoscope
should be passed through the ventral meatus and
not just look at the caudal aspect of the nasal pas-

sage. Unlike the nasomaxillary opening, any dis-
charge at the opening of the guttural pouch can be
draining from the pouch or can be the result of
discharge within the pharynx being pushed into the
opening during swallowing and may not represent a
guttural pouch problem. Therefore, evidence of
discharge at the guttural pouch opening is not al-
ways because of the material coming from the gut-
tural pouch.

Nasal discharge is typically not an emergency,
but any horse with nasal hemorrhage more than a
trickle should be evaluated immediately. Although
bilateral epistaxis is most commonly from exercise-
induced pulmonary hemorrhage, is not a large vol-
ume, and is not life threatening, a moderate to
severe bleed not associated with extreme exercise
can be secondary to guttural pouch mycosis, could be
from one or both nares, and could be life threaten-
ing. If a large clot or volume of blood is evident on
endoscopic examination at the guttural pouch open-
ing, no further evidence is needed prior to referral
for surgery. Trying to endoscopically evaluate the
inside of the guttural pouch close to the time of a
severe bleed is usually futile because the amount of
blood within the pouch will obscure visualization
and attempting this may only make matters
worse.

Other causes of epistaxis to consider are trauma,
neoplasia, fungal infections, retropharyngeal ab-
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scess rupture into the guttural pouch, or ethmoid
hematomas.1 All of these conditions typically cause a
much lower blood volume relative to guttural pouch
mycosis. Blood emanating from the nasomaxillary
opening can also be the result of traumatic bleeding
into the sinus without external evidence of trauma.
Neoplasia or fungal infection that cause epistaxis
is usually seen easily on endoscopic examination,
and blood is often mixed with purulent discharge.
These conditions may only show evidence of dis-
charge at the nasomaxillary opening, from the re-
gion of the ethmoid recess, or other locations along
the nasal cavity. Fungal infections are most com-
monly found along the dorsal and rostral margins of
the septum.

Purulent discharge usually represents a response
to bacterial infection of the guttural pouch or sinus
cavities.1 Complete examination of the ventral and
middle meatus is recommended because a separate
opening into the nasal cavity may be infrequently
present or the material becomes so inspissated that
it becomes contained entirely within the middle me-
atus. Primary bacterial infections of the sinus
without an underlying cause are common. Culture
from the nasal passage with a swab is not usually
rewarding, but a promising technique has been de-
scribed to culture directly from the nasomaxillary
opening and can provide some support for primary
vs. secondary sinusitis.2

Uncommonly, sinusitis can also become severe
enough to cause nasal obstruction and/or facial de-
formity, but more commonly these distortions are
associated with a neoplastic or cystic mass. Eth-
moid hematomas can also cause some nasal obstruc-
tion but rarely cause facial deformity and will
produce small-volume epistaxis, not purulent dis-
charge. Cysts usually cause facial or nasal defor-
mity and typically do not cause any nasal discharge
unless a secondary sinusitis occurs. Differentiat-
ing the cause of the symptoms is important prior
to any decisions about treatment because most
neoplastic diseases have a poor prognosis. Sig-

nalment, history, and diagnostic imaging should
provide enough information for the clinician to
differentiate the etiology of the disease.

2. Endoscopic Evaluation of the Sinus

When there is a clear indication of sinus disease via
nasal endoscopic evaluation, further imaging (com-
puted tomography or radiographs) can provide more
information about the possible etiology. Yet, there
is still limited information from those diagnostic
techniques, and endoscopic examination of the sinus
can provide more information and a possible method of
treatment.3 There are several descriptions of sino-
scopic approaches. A frontal 22-mm trephination
is preferred. Familiarity with normal anatomy is
essential. This approach will allow access to the
major sinus cavities and allow the treatment of
many abnormalities with minimal surgical trauma
to normal structures. Although the approach pro-
vides direct access to the frontal, dorsal conchal, and
caudal maxillary, breaking down the ventral con-
chal bulla will allow access to the ventral conchal
sinus and rostral maxillary sinus.3
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1. Introduction

Epiglottic entrapment is often associated with
younger racehorses and can be associated with ex-
ercise intolerance, respiratory noise, and coughing,
but can also be observed in non-racehorses and may
be intermittent initially.1–4 Acute or simple en-
trapments consist of a thin portion of the subepiglot-
tic membrane engulfing the epiglottic cartilage and
in itself is unlikely to cause respiratory obstruction,5

but may precipitate dorsal displacement of the soft
palate.6 Other commonly recognized features of an
epiglottic entrapment may include thickening
and/or ulceration of the entrapping membranes, as
well as deformation of the epiglottic cartilage par-
ticularly in chronic entrapments. The “outline” of
the epiglottis underneath the entrapping membrane
can provide some indication the degree of pathology
and the prognosis.7

Many approaches have been described for surgical
correction of epiglottic entrapment.7–15 Axial divi-
sion of the entrapping fold is a commonly utilized
technique and several methods to perform axial di-
vision have been described. Axial division is usu-
ally completed under endoscopic guidance and may
be performed completely via the endoscope using a
laser through the endoscopic biopsy channel, or may
be performed using a bistoury knife passed along-

side the endoscope (Fig. 1). Common approaches
include transnasally or transorally and division may
be accomplished either with the horse standing us-
ing sedation and local anesthetic or with the patient
under general anesthesia. The presence of a thick-
ened or ulcerated entrapping membrane may neces-
sitate alternative methods such as the resection of
tissue through similar surgical approaches or through
a laryngotomy (Fig. 2). In general, it appears that
horses that undergo resection to resolve the entrap-
ment will not have as good a prognosis.7,11 For this
reason efforts should be made to resect tissue only
when necessary.

To perform a standing transendoscopic axial divi-
sion, horses should be moderately sedated and the
throat blocked topically. If the horse is heavily
sedated, they will not swallow at all during the
procedure. Having them infrequently swallow is
advantageous because it creates the normal tension
on the membranes. With a laser setting of 18W, a
bare laser fiber is dragged in contact fashion from
the central caudal edge of the entrapping membrane
toward the rostral tip of the epiglottis to cut the
entrapping membrane. If the membrane over the
dorsal surface of the epiglottis is not under sufficient
tension such that each cut leads to a greater sepa-
ration of tissues, the laser fiber is used to perform
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similar cuts to the membrane on the ventral surface
of the epiglottis. This often results in a resumption
of greater tension on the membranes over the dorsal
surface and the further cuts are dictated by areas of
greatest tension until complete division of the mem-
branes allowed visualization of the dorsal surface of
the epiglottis and reduction of the membranes to a
position ventral to the epiglottis. Swallowing is
stimulated to ensure the membranes will not re-
entrap over the epiglottis. Resection of any mem-
brane is performed when tissue is judged to be
excessively thick or fibrous, such that the tissue will
not reduce into a position ventral to the epiglottic
edge after initial axial division. If resection of the
tissue is performed, a transesophageal grasping for-
cepsa is passed up the contralateral nostril and as

small a margin of the membrane as possible is
grasped and resected until complete exposure of the
dorsal and lateral margins of the epiglottis.

Alternatively, a hook can be used to keep the
membrane dorsal to the epiglottis off the epiglottis
and under tension. The tissue just over the hook
is transected. Postoperative recommendations are
for 3 weeks of stall rest and hand walking, prior to
re-evaluation and likely return to training with sim-
ple entrapments. Several more weeks of rest are
recommended for most horses that required resec-
tion of any membrane. Follow-up endoscopic ex-
aminations to particularly evaluate the ventral
surface of the epiglottis are recommended for any
horses that require resection of any membrane to
better determine time to resume training.
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1. Introduction

In general, a tie-back surgery is indicated when the
arytenoid cartilage collapses into the airway during
exercise causing airflow obstruction, which usually
produces upper airway (UA) noise and usually ad-
versely affects performance. However, the need to
perform a tie-back procedure depends on the use or
intended use of the horse. It is well known that re-
current laryngeal neuropathy (RLN) clinically affects
the left arytenoid cartilage. The exact etiology of the
distal axonopathy of the recurrent laryngeal nerve is
not known, but this causes atrophy of the cricoaryte-
noideus dorsalis muscle, adversely affecting abduction
of the arytenoid cartilage. Incomplete abduction of
the right arytenoid cartilage is generally due to laryn-
geal dysplasia, arytenoid chondritis, or right recurrent
laryngeal nerve trauma. These conditions can also
affect the left arytenoid cartilage, but are infrequent
causes of inadequate abduction compared to RLN.

Horses that cannot fully abduct the arytenoid car-
tilage during a resting exam do not all need a tie-
back procedure. There are several factors that
need to be considered when determining what rec-
ommendations to make, with cost of the procedure
being a consistent factor. Most of the other factors
are as follows:

What is the history and/or presenting complaint?
Is UA noise the primary problem? If so, this can
often be significantly improved with a bilateral ven-
triculocordectomy (VCE). It is important to recog-
nize this procedure is not always effective. Is

performance the primary problem? In the race-
horse, evaluation of the race record is helpful. If so,
a tie-back procedure and usually a left VCE are
indicated. Is this an incidental problem found on a
pre-sale exam? If so, recommendations should be
made based on the intended use of the horse.

What is the intended use of the horse? Is this a
Thoroughbred (TB) racehorse, an eventer, jumper,
dressage horse, show horse, draft horse, Western
performance horse, pleasure horse, etc.? The tie-
back procedure is needed more for horses that per-
form using strenuous physical exertion for extended
periods. For example, an accomplished event horse
is more likely to benefit from a tie-back than a show
hunter. However, if exercise intolerance from RLN
is a problem for a horse regardless of discipline, a
tie-back would likely be beneficial. It should be
noted that, although not commonly used, a nerve
transplant surgery may be of benefit in a sport horse
with an anticipated long career.1

What is the age of the horse? Generally, in the
author’s opinion and that of others, tie-back proce-
dures should not be performed prior to about 24
months of age, as the cartilage does not hold the
suture as well in an immature horse. Also, in the
author’s opinion, left arytenoid paresis in the imma-
ture TB (long yearling) may best be approached with
a nerve transplant surgery.1 It often takes �6
months to see the results of the nerve transplant
surgery and during this period it is usually too early
to perform a tie-back procedure.
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2. What Do the Diagnostic Tests Show?

Physical Exam

During the physical exam, are there abnormalities
other than arytenoid paralysis that could adversely
affect performance of the horse, e.g., sinusitis,
Horners syndrome, laryngeal dysplasia, etc.? Does
the larynx palpate like arytenoid paralysis or laryn-
geal dysplasia? With laryngeal dysplasia, a gap
can usually be palpated between the cricoid and
thyroid cartilages on the affected side.

UA Endoscopic Exam at Rest

During the endoscopic exam, are any abnormalities
noted other than abnormal arytenoid cartilage
movement? What is the arytenoid movement
grade at rest (nasal occlusion being part of this
exam)? In competition horses, grade IV and most
grade III arytenoids will collapse during exercise
and need a tie-back procedure.2 Does the arytenoid
cartilage appear slightly thickened (chondritis) or
slightly malformed (laryngeal dysplasia)? These
conditions can look similar to left arytenoid paresis.

Laryngeal Ultrasound Exam

The laryngeal ultrasound exam is a very helpful tool
for examining the UA.3 Are the left cricoarytenoid
lateralis and vocalis muscles hyperechoic when com-
pared to the right? This is a very reliable ultrasono-
graphic finding in support of RLN. Is the left
cricoarytenoid dorsalis muscle smaller than the right?
This is also proving to be a useful ultrasonographic
finding supporting RLN.4 Is the arytenoid cartilage
of abnormal size and shape? With chondritis the
arytenoid is usually thickened. Is there evidence of
laryngeal dysplasia? The hallmarks of this abnor-
mality are lack of the cricothyroid joint and a thyroid
cartilage that extends further dorsal than the muscu-
lar process of the arytenoid cartilage. The ultrasound
exam findings regarding changes to the laryngeal
musculature are not consistent in long yearlings and
very early in the development of RLN.

UA Endoscopic Exam During Exercise

This exam is now usually done with remote over-
ground endoscopy rather than on the treadmill and
remains the gold standard for evaluation of aryte-
noid cartilage function. Does the arytenoid carti-
lage collapse during strenuous exercise? Do any
other tissues collapse into the airway? Do both ar-
ytenoid cartilages collapse when the head is flexed
(dynamic laryngeal collapse)? The latter condition
is more commonly seen in Norwegian Cold-Blooded
Trotters, Saddlebreds, and Hackney ponies.

3. Does the Client Understand the Possible

Complications Following a Tie-Back Procedure?

Inadequate Abduction (Failed Tie-Back)

A failed tie-back is not uncommon. This is gener-
ally the result of the sutures cutting into the carti-

lage. This may require another tie-back procedure,
which is generally more effective than approaching
this with an arytenoidectomy.

Aspiration and Coughing

Aspiration and coughing is not common. This is
generally a result of an adverse affect on swallowing
mechanics, with ingesta gaining access to the air-
way. This can be, but is not always associated with
excessive abduction.

Surgical Site Infection

Surgical site infection is not common. This is usu-
ally associated initially with a postop seroma. Gen-
erally easy to resolve if promptly addressed.

Suture Penetrating into the Airway Lumen

A suture penetrating into the airway lumen is very
uncommon. This should be noticed during surgical
placement of the sutures using intraop endoscopy.

Chondritis

Chrondritis is very uncommon.

4. Conclusions

In summary, assuming the diagnosis of RLN is ac-
curate, in horses where the problem is performance
limiting or will be performance limiting (e.g., 2-year-
old TB racehorse), a tie-back procedure should be
considered. In horses where UA noise is the pri-
mary problem, a bilateral VCE may be adequate to
resolve the noise.
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1. Introduction

For the purposes of this presentation, arytenoid
chondropathy refers to any disease affecting the
structure of the cartilage or the mucosal covering.
The varied presentations in general include ulcers,
granulomas, chondromas, and chondritis (active and
inactive). Ulcers are areas of mucosal loss over the
cartilage. Granulomas refer to granulation type
tissue protruding into the lumen of the larynx from
the cartilage surface. Chondromas refer to carti-
lage masses protruding into the lumen of the larynx
from the cartilage surface that are covered by mu-
cosa. Chondritis refers to thickened cartilage,
which can be active and inflamed, or inactive and
quiet.

The disease is usually unilateral, affecting the left
or right side, but can be bilateral. The cause of
these abnormalities is likely the result of inflamma-
tion. The cause of the inflammation is likely re-
lated to infection. More than likely the mucosal
integrity has been compromised, allowing bacteria
to gain access to the submucosal tissue and
cartilage.

2. Clinical Signs

The most common clinical sign seen with arytenoid
chondritis, granulomas, or chondromas is upper air-
way (UA) noise. Mucosal ulcers or small granulo-
mas may be found in yearlings on a presale exam

that make no noticeable UA noise.1 Arytenoid
chondritis is noticed in athletes early in the course of
the disease as small changes in the larynx create
airflow turbulence and UA noise. Chondritis in
broodmares and pleasure horses is generally not
noticed until the arytenoid is large enough to create
UA noise at a walk or trot. Broodmares that are
affected are often in respiratory distress when first
noticed.

3. Diagnostics

Arytenoid cartilage structural abnormalities are
generally easily diagnosed during an endoscopic
exam of the UA. However, some abnormalities can
be subtle, e.g., slight thickening of an arytenoid car-
tilage may mimic an arytenoid with grade III move-
ment. An ultrasound exam can be very useful
diagnostically.2 The size and thickness of the ary-
tenoid can be evaluated. Abnormal echogenicity of
the cartilage and/or tissues around it can be noted,
including the status of the laryngeal musculature.

4. Mucosal Ulcers

Mucosal ulcers are infrequently found, usually just
dorsal to the area of the vocal process of the aryte-
noid. These presumably form from excessive con-
tact between the left and right arytenoids, possibly
also related to concurrent UA inflammation. They
are more commonly found in athletes, but have been
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found in Thoroughbred sales yearlings. The ulcers
generally respond to decreased exercise, anti-
inflammatory medication, and antibiotics.

5. Granulomas

Granulomas of varying size can protrude into the
laryngeal lumen. The base of the granuloma usu-
ally starts at the cartilage surface and many actu-
ally form around an entrance to a tract that
continues into the arytenoid cartilage. These usu-
ally can be resected endoscopically with a diode laser
or laryngeal scissors, or can be approached through
a laryngotomy. It is difficult to predict which gran-
ulomas will reform, which is not unusual.

6. Chondromas

Chondromas are generally mucosal covered inactive
cartilage masses that protrude into the lumen of the
larynx. The adjacent body of the arytenoid carti-
lage is often mildly thickened. If the arytenoid can
abduct reasonably well, these masses are best left
alone.

7. Chondritis

The arytenoid can vary greatly in thickness. As
mentioned above, a slightly thickened arytenoid may
look like a grade III arytenoid. An ultrasound exam
helps make an accurate diagnosis in these cases.
An endoscopic exam during exercise in questionable
cases may also be helpful to determine the appropriate
treatment. Most arytenoid chondritis cases are obvi-
ous during an endoscopic exam. Acute cases show
active inflammation with reddening and swelling of
the laryngeal tissues. The inflammation also affects
the surrounding tissues. Initially these horses
should be treated aggressively medically to reduce the
size of the inflamed tissues. Treatment should in-
clude systemic antibiotics, non-steroidal anti-inflam-

matory drugs, and steroids. Nebulizing the UA � a
throat spray is helpful. Once the arytenoid cartilage
becomes thickened, it is very difficult to significantly
reduce the size of the cartilage. As the cartilage itself
becomes thickened, the cartilaginous tissue separates
and the center fills with fibrous tissue. The fibrous
tissue core does not reduce in size. Thus, the carti-
lage remains enlarged.

The recommended treatment for horses with a
clinically significant enlarged arytenoid cartilage is
arytenoidectomy. Many athletes can still perform
following this procedure.3,4 However, very few can
reach the level of performance that they had previ-
ously achieved. For bilaterally affected horses,
e.g., broodmares, removal of the largest arytenoid
cartilage or a permanent tracheotomy is beneficial.

Acknowledgments

Declaration of Ethics

The Author has adhered to the Principles of Veter-
inary Medical Ethics of the AVMA.

Conflict of Interest

The Author has no conflicts of interest.

References

1. Kelly G, Lumsden JM, Dunkerly G, et al. Idiopathic mucosal
lesions of the arytenoid cartilages of 21 Thoroughbred year-
lings: 1997–2001. Equine Vet J 2003;35:276–281.

2. Garrett KG, Embertson RM, Woodie JB, et al. Ultrasound
features of arytenoid chondritis in Thoroughbred horses.
Equine Vet J 2013;45:598 – 603.

3. Barnes AJ, Slone DE, Lynch TM. Performance after partial
arytenoidectomy without mucosal closure in 27 Thoroughbred
racehorses. Vet Surg 2004;33:398–403.

4. Parente EJ, Tulleners EP, Southwood LL. Long-term study
of partial arytenoidectomy with primary mucosal closure in 76
Thoroughbred racehorses (1992–2006). Equine Vet J 2008;
40:214–218.

AAEP PROCEEDINGS � Vol. 66 � 2020 451

CURRENT CONCEPTS IN THE ENDOSCOPIC EVALUATION OF THE UPPER AIRWAY



Right-Sided Abnormalities in Laryngeal Function

John B. Madison, VMD, DACVS

Author’s address: Ocala Equine Hospital, 10855 US-27, Ocala, FL 34482; e-mail: oehosp@gmail.

com. © 2020 AAEP.

1. Introduction

Abnormalities in right-sided laryngeal function in
horses are seen infrequently. There are 3 causes of
loss of right-sided function: 1) right-sided laryn-
geal hemiplegia, 2) arytenoid chondropathy, and 3)
fourth branchial arch defects (4-BAD).

2. Right-Sided Laryngeal Hemiplegia

Damage to the right recurrent laryngeal nerve and
subsequent partial or complete loss of right-sided
arytenoid function is rare and nearly always associ-
ated with some sort of trauma to the nerve. Right-
sided idiopathic laryngeal hemiplegia (ILH), similar to
far more common left-sided ILH, probably does
not occur. The most common recognized causes of
right-sided laryngeal hemiplegia (LH) are perivas-
cular injections, leaking or malpositioned IV cathe-
ters, direct blunt or penetrating trauma to the neck,
or infectious processes resulting in abscessation in
the laryngeal or perilaryngeal regions (e.g., stran-
gles, cellulitis in the neck). In many cases it is
possible to elucidate a history of previous right jug-
ular venipuncture or catheterization or there may be
an obvious thrombophlebitis present on physical ex-
amination. Occasionally there will also be damage
to the adjacent vagosympathetic trunk resulting in
signs of Horner’s Syndrome.

The endoscopic findings will be identical to the
typical findings seen with left-sided ILH and they

are graded in the same manner. There should
also be obvious (by either laryngeal palpation or
laryngeal ultrasound) atrophy of the cricoarytenoi-
deus dorsalis (CAD) and cricoarytenoideus lateralis
(CAL) muscles (Fig. 1). The treatment options are
conservative (anti-inflammatory therapy including
NSAIDs and steroids) in acute cases and surgical
(right-sided laryngoplasty) in chronic cases. The
prognosis for return to athletic function should be
similar to the prognosis for left-sided ILH as long as
adequate and long-lasting abduction of the right
arytenoid is achieved.

3. Arytenoid Chondropathy

Loss of right-sided function in cases of arytenoid
chondropathy is due to a mechanical inability of the
affected arytenoid to abduct because the enlarged
arytenoid impinges on the adjacent thyroid carti-
lage. The degree of loss of function is directly re-
lated to the amount and direction of arytenoid body
enlargement and can vary from no loss of function to
complete inability to abduct the arytenoid and po-
tentially even further loss of the laryngeal lumen by
luminal enlargement of the arytenoid.

The endoscopic findings are well recognized and
are characterized by one or more of the following:
1) misshapen, “S” shaped, or enlarged corniculate
process, 2) axial projections of granulation tissue or
thickened epithelialized arytenoid cartilage into the
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laryngeal lumen, or 3) unilateral rostral displace-
ment of the palatopharyngeal arch. It is important
to recognize that there should be no CAD muscle
atrophy detected on laryngeal palpation (or CAL
atrophy on ultrasound exam), emphasizing the use-
fulness of learning one or both techniques in evalu-
ating any laryngeal function abnormality (Fig. 2).

The treatment options depend to some degree on the
chronicity of the problem and the degree of loss of
function. Acute chondropathies with associated la-
ryngeal edema should always be treated medically
(antibiotics, topical and systemic steroids, and
NSAIDs), regardless of the degree of function loss.
In some cases, complete function may return once the
edema has resolved. In more chronic cases with only
slight loss of function, medical therapy or medical
therapy in association with laser removal of axial lu-
minal granulation tissue and cauterization of draining
tracts is indicated. Once chronic arytenoid enlarge-
ment has caused a significant loss in function, the only
option is a partial arytenoidectomy. It is important to
recognize that a tie-back procedure will not work in
these cases because the laryngoplasty sutures will not
be able to abduct the arytenoid any further than the
normal CAD muscle is able to abduct it due to the
mechanical impingement of the enlarged arytenoid on
the lamina of the thyroid cartilage.

4. Fourth Branchial Arch Defects

Fourth branchial arch defects (4-BADs) are seen
frequently enough as a cause of upper airway prob-

lems that they must be in the differential diagnosis
for any loss of arytenoid function with normal endo-
scopic anatomy (e.g., no arytenoid enlargement).
In fact, a 4-BAD should be the primary differential
in right-sided function abnormalities until proven
otherwise. The distribution of 4-BADs is 65% right
sided, 10% left sided, and 25% bilateral.1

The embryonic fourth branchial arches are re-
sponsible for the formation of the wings of the thy-
roid cartilages, the cricothyroid articulations, the
cricothyroid muscles, and the cricopharyngeus and
thyropharyngeus muscles (upper esophageal sphinc-
ter). The primary clinical signs are variable de-
grees of exercise intolerance and upper airway noise.
The degree of exercise intolerance with the condition
is extremely variable with some horses unable to
perform even low-level athletic activity whereas oth-
ers are able to race successfully. Less common clin-
ical signs are chronic colic and dysphagia related to
the abnormal upper esophageal sphincter. In cases
of 4-BAD the CAD muscle is normal but the aryte-
noid does not abduct due to either a mechanical
impingement of the arytenoid on a thyroid lamina
that extends dorsal to the muscular process or, per-
haps more likely, an abnormal course of the CAD
muscle due to rotation of the cricoid cartilage and
loss of the caudal cornu of the thyroid cartilage on
the affected side resulting in the larynx forming an
incomplete “box” with one side of the box unable to
support the contraction of the CAD muscle.

Fig. 1. The right cricoid and thyroid cartilages do not articulate in this ultrasound image. Image courtesy of Dr. Jenifer Garber.
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The endoscopic findings in unilateral cases of
4-BAD can look exactly like cases of laryngeal hemi-
plegia. There is usually some loss of function on
the affected side with otherwise-normal endoscopic
anatomy. In bilateral 4-BAD cases there is often
rostral displacement of the palatopharyngeal arch
(so-called Pope’s cap). Laryngeal palpation is again
extremely helpful in distinguishing right-sided la-
ryngeal hemiplegia from a 4-BAD. In the case of a
4-BAD, the muscular process will be difficult to iden-
tify due to dorsal extension of the thyroid cartilage
lamina. In addition, there will be a palpable space
between the caudal cornu of the thyroid cartilage
and the cricoid cartilage due to the absence of a
cricothyroid articulation. An ultrasound exam of
the larynx is diagnostic and unless there is a clear
and incontrovertible history of the horse having
previously normal laryngeal function, horses with
right-sided loss of laryngeal function should have an
ultrasound exam of the larynx performed to rule out
4-BAD before considering tie-back surgery. The
ultrasound findings in 4-BAD cases are 1) no detect-
able cricothyroid articulation, 2) the thyroid carti-
lage extends dorsal to the muscular process, and 3)
the CAL muscle is in an abnormal location (the
space between the thyroid and cricoid cartilages).
There is currently no surgical treatment for the con-
dition, although in some horses that are able to

perform at near normal levels of their intended use,
management of secondary dynamic airway prob-
lems disclosed by over the ground endoscopy can
improve performance and reduce or eliminate upper
airway noise.

While resting endoscopy is extremely useful and
essential in evaluating abnormalities in laryngeal
function, some laryngeal problems can have similar
resting endoscopic findings (laryngeal hemiplegia
and 4-BAD or LH and chondropathy). Added infor-
mation provided by laryngeal palpation and/or la-
ryngeal ultrasound is nearly always needed in these
cases to make an accurate diagnosis. This is par-
ticularly true when evaluating right-sided abnor-
malities and when considering surgery.
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Fig. 2. This ultrasound image shows enlargement of the right arytenoid cartilage. Image courtesy of Dr. Jenifer Garber.
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1. Introduction

Osteoarthritis (OA) is the most common and eco-
nomically significant cause of lameness in horses.
Oral joint supplements are frequently used to re-
duce the development and progression of OA.
The oil extract from the seed of Biota orientalisa

(BO) has been researched in vitro as a standalone
active ingredient and in vivo in combination with
other biocompounds. The current study evalu-
ated the efficacy of BO for symptom- and disease-
modifying activity in a model of OA.

2. Materials and Methods

OA was induced in one middle carpal joint in each of
16 horses on Day 0. Treatment with BO or placebo
was also initiated on Day 0. All horses were exer-
cised 5 days a week starting on Day 14 through the
termination of the study on Day 70. The horses
were monitored for lameness, radiographic changes,
and synovial fluid changes. On Day 70, tissue from

the middle carpal joint was assessed macroscopi-
cally and histologically.

3. Results

Compared with placebo, a significant decrease was
found in synovial fluid prostaglandin E2 of horses
treated with BO. Further, a significant decrease in
radiographic evidence of OA was also found in the
BO-treated horses.

4. Discussion

This study demonstrates a disease modification as-
sociated with prophylactic treatment using BO in
induced equine OA and confirms positive results of
previous studies.
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subchondral cystic lesions. Authors’ addresses: Equitecnica Equine Hospital, Parma, Italy (Rava-
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1. Introduction

Subchondral cystic lesions of the medial femoral
condyle may be a source of lameness, resulting in
poor performance, and can negatively influence buy-
ers’ decisions on horses sold at public auction.

2. Materials and Methods

Horses with subchondral cystic lesions of the medial
femoral condyle were identified on survey radio-
graphs prior to public auction or during lameness
examination. Fifty-seven horses met inclusion cri-
teria and were 10–26 months of age. The surgical
procedure involved curettage of and placement of an
absorbable implant in the cyst under radiographic
guidance. Follow-up lameness and radiographic

examinations were performed at 1, 2, 3, and 4
months postoperatively.

3. Results

There was an 80% radiographic reduction in the size
of the cyst in 53/57 horses (92%). For the cases
with lameness follow up, 47/48 horses (97.9%) were
sound up to 4 months after surgery. Two cases
required repeat operation due to implant migration.

4. Discussion

The surgical technique described here may be a use-
ful option for the management of subchondral cystic
lesions of the medial femoral condyle in juvenile
horses. The multicenter nature and some subjective
assessments have inherent limitations.
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1. Introduction

This study aims to determine whether a single dose
of long-acting ceftiofur crystalline free acid (CCFA)
used as a pre-operative antimicrobial in equine field
castrations offers any reduction in post-operative
inflammatory markers when compared to procaine
penicillin G (PPG).

2. Materials and Methods

Sixty-five horses aged 8 months to 2 years were
randomly assigned to the CCFA (N � 33) or PPG
(N � 32) treatment groups. Horses were castrated
using general anesthesia and closed castration tech-
nique with scrotal ablation. Measurements of
quantitative (serum amyloid A values, total nucle-
ated cell count, fibrinogen, total protein) and qual-
itative (scrotal edema and preputial edema)
inflammatory markers were performed in all
horses preoperatively and postoperatively on days
3, 8, and 14. Complications in the post-operative
period were recorded.

3. Results

No clinically significant difference in any post-oper-
ative inflammatory markers between the CCFA and
PPG group was detected. In the CCFA group 48%
of horses experienced post-operative complications
compared to 31% in the PPG group. Castration
induced significant elevation in serum amyloid A
(P � .0001), preputial edema (P � .0001), and scro-
tal edema (P � .0001) at day 3. These values re-
turned to baseline levels by day 8. Horses with
grade 3 or above preputial edema were also found to
have elevated serum amyloid A values (P � .001).

4. Discussion

The data from this study indicates CCFA used as a
pre-operative antibiotic for routine castration offers
no advantages over PPG. The difference in compli-
cation rate between groups is likely of minimal clin-
ical importance as all complications were mild and
self limiting.
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1. Introduction

Prior research has identified lumbosacral anatomi-
cal variations and physeal closure abnormalities in
Quarter Horses (QHs) investigated for lumbar ver-
tebral fracture. Therefore, the study objectives
were to characterize anatomy and growth plate clo-
sure of the lumbosacral vertebrae in QHs.

2. Materials and Methods

Lumbosacral specimens were collected from 16 QHs
humanely euthanized for reasons other than lumbo-
sacral disease (aged 0 to 22 years old). Specimens
were assessed using computed tomographic, gross,
and histological (H&E) examination.

3. Results

Six lumbar vertebrae were found in 15/16 (94%)
cases, with dorsal spinous process divergence at L5
to L6 in 3/16 (19%) cases. Physeal inactivity was
present in cases as young as 4 months of age, with
L4 to S1 physes inactive in all cases 2 years of age or
older. Residual physeal cartilage was present in
cases 5 to 8 years of age. Chondrocyte disorganiza-

tion (7/12; 58%) and retention (11/12; 92%) with
adjacent increased bone compaction was frequently
observed in cases with unfused physes. Lumbosa-
cral articular facet pathology was present in 11/16
(69%) cases. Articular subchondral linear lucency
with associated sclerosis was present in 9/16 (56%)
cases (aged 4 months to 22 years).

4. Discussion

Physeal disorganization with bone compaction oc-
curred frequently, potentially as a mechanism for
physeal senescence or indicating stress and pathol-
ogy in these regions. This study provides further
insight into the equine lumbosacral spine.

Acknowledgments

Support was provided by an American Quarter
Horse Foundation Young Investigators Grant.

Declaration of Ethics

The Authors have adhered to the Principles of Veter-
inary Medical Ethics of the AVMA.

Conflict of Interest

The Authors have no conflicts of interest.

AAEP PROCEEDINGS � Vol. 66 � 2020 461

NEW INNOVATIONS AND TIMELY CONSIDERATIONS IN EQUINE LAMENESS AND SURGERY

Research Abstract�for more information, contact the corresponding author

NOTES



Characteristics of Complete Tibial Fractures in

Racehorses

Monika A. Samol, DVM, MRCVS*; Francisco A. Uzal, MS, DVM, PhD, DACVP;

Ashley E. Hill, DVM, MPVM, PhD; Rick M. Arthur, DVM; and

Susan M. Stover, DVM, PhD, DACVS

Tibial fractures in racehorses are associated with a pre-existing stress fracture. Racehorses are at

highest risk of sustaining tibial fracture early in their career or after return from layup. Authors’

addresses: California Animal Health and Food Safety Laboratory System, San Bernardino

Branch, University of California-Davis, Davis, CA 92408 (Samol, Uzal); California Animal Health

and Food Safety Laboratory System, Davis Branch, Davis, CA 95616 (Hill); School of Veterinary

Medicine (Arthur); Department of Surgical and Radiological Sciences (Stover), University of

California-Davis, Davis, CA 95616; e-mail: masamol@ucdavis.edu. *Corresponding and pre-

senting author. © 2020 AAEP.

1. Introduction

Tibial stress fractures are a common cause of acute
hindlimb lameness in racehorses. Complete tibial
fractures cause �3% of deaths in racehorses. It is
unknown if pre-existing stress fractures are associ-
ated with tibial fractures.

2. Materials and Methods

Necropsy reports of 115 racehorses that had a com-
plete tibial fracture (1990–2018) were retrospec-
tively reviewed. Signalment and exercise histories
of affected horses were compared to those of race-
horses that died because of non-tibial musculoskel-
etal injury or non-musculoskeletal cause and of
control live racehorses (chi-square, Fisher’s exact
test, matched logistic regression [P � 0.05)]).

3. Results

Most fractures occurred during training (68%) and
in 2- to 3-year-old horses (73%). Most horses (97%)

had unilateral fractures without side predisposition.
Most fractures were diaphyseal 44 and oblique
(40%). Of 61 fractures examined for callus, 64%
had periosteal callus associated with the fracture.
Callus was most prevalent in the proximolateral
cortex (72%) and caudal cortex of the distal diaph-
ysis (28%). Of 28 racehorses with exercise his-
tory, 57% never raced, and 36% had recorded
layup period, and those horses were �3 years
of age. Affected horses had fewer high-speed
events, cumulative distances, and active career
days than control horses.

4. Discussion

Tibial fractures were associated with pre-existing
stress fracture early in a horse’s career. Most cat-
astrophic fractures were associated with proximolat-
eral stress fractures, which may be challenging to
detect clinically.
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1. Introduction

Bisphosphonates are potent antiresorptive agents
that have been used for several years in human
medicine. There are currently no reports describ-
ing the residence time in horse bone; however, in
humans, bisphosphonates can remain in bone for
years, equating to an extended pharmacologic
effect. Knowledge of the residence time of bis-
phosphonates in bone could allow for a better un-
derstanding of the long-term effects of these
compounds and ultimately more judicious use.
To that end, the objective of this study was to
begin to characterize the disposition of bisphos-
phonates in the bone of horses.

2. Materials and Methods

Two horses received clodronatea (1.8 mg/kg [intra-
muscular]) and two tiludronate disodiumb (1 mg/kg

[intravenous]). Bone and teeth were collected at 4
days from 1 horse in each drug group and at 30 days
from the second horse in each group. Additionally,
postmortem blood, synovial fluid, aqueous humor,
and bone samples from racehorses with various his-
tories of bisphosphonate administration were col-
lected and concentrations determined.

3. Results and Discussion

Clodronate and tiludronate concentrations exceeded
the highest calibrator (0.338 �g/gram) in all bones
and teeth tested at 4 and 30 days postadministra-
tion. In a post-mortem sample, clodronate was de-
tected at concentrations exceeding 0.338 �g/gram in
bone from a horse with a reported administration of
18 months. This drug was not detected in other
sample types collected from this horse.
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animals without injury either to the horse or to personnel. Every equine practitioner and technician/

nurse is expected to perform this task on demand, but is taught on the job. The purpose of this paper

is to provide guidelines and information for improving safety and effectiveness of animal handler(s)
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1. Introduction

Horses that are “down” in recumbency experience
fear, they may cause self injury, or they may injure
a person while struggling to rise. The musculosk-
eletal region of the neck is a powerful lever and is
used by the horse to rise from recumbency. Thus,
restraint by a handler (Fig. 1) is useful to minimize
struggling while the practitioner is deciding on a
protocol for treatment, chemical restraint, or eutha-

nasia.
Rotating the head back, aligned with the neck,

and tipping the nose up delays the horse’s attempts
to roll into a sternal position, then stand.1,2 Even if
a horse is physically incapable of standing, such as
while waking up from general anesthesia, it can
make uncoordinated efforts to stand and flail (Fig. 2)
due to powerful flight instincts if sympathetically

stimulated.3

Legacy Knee-on-Neck Method

The Legacy “knee-in-the-neck, tip-the-nose-up”
method has been used for generations, especially
since effective chemical sedation and anesthesia
weren’t available to equine practitioners until the
20th century (Fig. 3). This Legacy method of at-
tempting to hold down a laterally recumbent horse
during clinical veterinary procedures places the
handler’s knee onto the neck of the horse, using
the full weight and pressure of a kneeling person
to physically restrain the horse, then the handler
uses upper body strength to rotate the head and
tip the nose skyward by pulling on the halter.
Legacy methods have caused injuries to personnel
via kick, strike, and ergonomic injuries. Practi-
tioners, technicians/nurses, and professional ani-
mal handlers in the industry share personal
narratives of being thrust backward, kicked or
struck by a hoof, or suffering rope injury while
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attempting to hold down a 1,000-lb (453-kg) or
larger recumbent horse.a,b

Clearly, a larger, heavier, and stronger person
increases the odds of success at restraining an ani-
mal that is far quicker, stronger, and heavier than

one person, or even several persons. As the equine
industry (and technician/nurse population) has be-
come predominantly female, with generally smaller
body weight, frame size, and strength compared

Fig. 1. Laterally recumbent horse waking up from general an-

esthesia is restrained with the animal handler standing dorsal to

the animal’s neck (instead of sitting or kneeling), with their foot

placed approximately behind the atlanto-occipital joint, the nose

is tipped upward, and with protection for the downside

eye. Photo courtesy of Dr. Michelle Egli.

Fig. 2. Veterinarians are expected by clients to address debilitated or downed horses. Here, personnel are forced to take dangerous

positions between the front legs and the animal’s head when they do not have assistance from an animal handler. A limitation for

practitioners is the number of personnel available to conduct “free” versus “attended” recoveries in the field. Photo courtesy of

Raymond Phillips; Photo courtesy of Caren Chellgren.

Fig. 3. Horse in lateral recumbency. Any stimulation can

cause the horse to struggle violently. The handler shows the

Legacy position and is holding the halter to tip the nose

up. Note the use of a helmet by the handler to prevent head

injury. Blindfold and head protector have not yet been ap-

plied. Photo courtesy of Dr. Tomas Gimenez.
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with males—the old methods that worked margin-
ally for a 200-pound (91-kg) man, don’t work well for
a 130-pound (59-kg) woman.c

One constraint of legacy methods is the handler’s
dubious location for safety (on their knees with their
head looking down)—limiting their ability to get out
of the way if the horse lunges, attempts to roll or to
stand (handler would have to be able to stand up
faster than the horse can struggle up). Legacy
methods have resulted in injuries to personnel in-
cluding ergonomic injuries (back, hip, knees) by peo-
ple attempting to rise; horses striking with the hind
foot to the person on the head; horse rolling to ster-
nal then standing reflexively faster than the hu-
man’s ability to get out of the way when the horse
stands up; and pulling the handler headlong into the
space between the neck and front legs while strug-
gling, etc.d

Fire/rescue organizations work hard to reduce ex-
posure and injuries to fire/rescue personnel re-
sponding to incident scenes, depending on “lessons
learned” and they make continual improvements
to methods and techniques to increase safety.4

Hard questions about obvious risks of using the
Legacy method (Fig. 4) have been asked by first
responders. Over the years, fire/rescue organiza-
tions adopted mandatory improvements to equine
restraint methodologies taught to their personnel
for large-animal rescue—including rejection of the

Legacy and adoption of the “foot-on-neck” method.
These restraint improvements are shared here
with veterinary professionals to improve safety for
anyone involved in response to recumbent equine
situations.

Modern best practices as taught to fire/rescue per-
sonnel now include an improved “foot-on-neck”
method that provides greater leverage for the han-
dler while increasing the handler’s ability to move
out of the way of a lunging animal (Fig. 5). It
improves personal safety for animal handlers while
allowing improved jugular and facial area access for
the equine practitioner (IV access, catheterization
and maintenance, facial artery pulse, ocular re-
flexes, and oral mucous membrane evaluation.)

2. Materials and Methods

Recommended Personal Protective Equipment

Practitioners and staff should carry some basic
equipment to facilitate personnel safety when han-
dling recumbent equines.

● Gloves (high dexterity) to prevent rope burns.
● Boots (with or without steel/composite toe).
● Protective helmet with chinstrap.
● Knife and/or multi-tool to cut rope in an

emergency.

Fig. 4. Firefighters work to stabilize a down horse, manipulating it with webbing out of a swale, and then to a sternal position to

encourage it to stand. One handler is on the neck in Legacy position, while the other is placing a human personal flotation device

(PFD) around the head for protection. Over the years, handlers rejected the “knee-on-neck” as a more dangerous position. Photo

courtesy of Katherine Davis/Battalion Chief Darrell Mitchell.
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● Professional shirt/jacket or scrubs with logo to
identify yourself.

Note: Helmets are proven protective equipment and
are mandatory for professional emergency responders
due to Occupational Safety and Health Administration
(OSHA) rules about situations where there is any possi-

ble impact.5 They are highly recommended for anyone
dealing with horses in recumbent or recovery situations
for the same reasons.6

Recommended Recumbent Animal Restraint Equipment

● Halter/8-to-12-foot lead rope.
● Head protection and/or blindfold.

Fig. 6. Control of the head by having an animal handler distribute their weight while standing, with the foot located directly behind

the atlanto-occipital joint. In this photo, the horse has on a halter and lead, with a Becker head protector and blindfold in place for

general anesthesia (castration).

Fig. 7. An anesthetized horse in recovery is restrained effec-

tively in lateral recumbency by a female student that weighs less

than 140 pounds using the foot-on-neck method. The head and

eyes are protected by a Häst Head Protector.h Photo courtesy of

Dr. Rebecca Husted.

Fig. 5. A full-size, jointed horse mannequina is utilized for train-

ing of emergency personnel in proper positioning for safe han-

dling and manipulation of recumbent horses. Here, students

and veterinarians can practice use of the foot-on-neck method to

learn to properly restrain a down horse. Photo courtesy of Dr.

Ruth Franczek.
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Description of Foot-on-Neck Method

“Best practices” for handling as taught to fire/rescue
personnel (who are commonly not familiar with
horses) include restraint methods for lateral recum-
bence to provide greater control to the handler at the
head, while increasing their leverage and weight
advantage. This increases the handler’s ability to
move out of the way if the horse struggles to get up,
keeps personnel out of the way of flailing hooves,
and prevents potential ergonomic injuries by allow-
ing the handler’s weight to be balanced on their legs
instead of kneeling.

The “foot-on-neck” method is more ergonomic. It
allows the animal handler to use the lead-rope for
leverage to tip the nose skyward, while placing the
bottom of their foot on the neck of the horse (directly
behind the atlanto-occipital joint; Fig. 6) and using
their body weight to discourage the horse from ris-
ing. Tipping the nose up slightly is desirable as it
makes it more difficult for the horse to rise,7 and
keeps the animal handler out of the way of the neck.
This also provides the veterinarian with better ac-
cess to the jugular vein (catheter insertion and
maintenance, administration of drugs) and the fa-

cial area (assessment of capillary refill times, facial
artery pulse, orbital, and oral mucous membranes).
It is still possible for a trained animal handler to
assess respiratory rate (watching chest rise or nos-
tril movements), assess ear and eye reactions, and
cover the eye with a blindfold while holding in this
manner (Fig. 7).

3. Results

Horses do not instinctively comprehend how to let
humans help them, nor do they have the capacity to
understand that the responders’ intent is to help.
When dealing with a fearful recumbent horse, per-
sonnel must adopt defensive strategies to stay safe.e

One person (the handler) must maintain control of
the head until the animal is evaluated, treated, re-
covered completely, euthanized, or packaging is
complete (if using a rescue glide for transport).
Dangerous places for humans to be positioned in-
clude directly in front of the legs or head, between
the legs, or standing over/above a recumbent horse
(Fig. 8). All personnel must stay clear of the horse’s
legs (recumbent horses can flail or struggle with no
warning).

Fig. 8. A horse down in a ditch in a pasture with fire/rescue, law enforcement, and veterinarian on scene. The horse handler and

other personnel are in dangerous positions attempting to hold the head or standing between the legs. Photo courtesy of Oxford Fire

Department, Michigan.
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The Role of the Animal Handler

Proper positioning of personnel can prevent inju-
ries—use of the standing with one foot-on-neck
method increases safety of both the handler and the
veterinarian treating the horse. Complacency, lack
of exposure, or inappropriate training may cause
handlers to underestimate the extreme weight,
strength, and speed of a recumbent horse. Control
of the head is crucial to equine restraint. The han-
dler should place a halter and lead-rope or emer-
gency rope halter on the recumbent horse before
doing anything else. Next, place some type of head
protection (towel, shirt, cheap human personal floa-
tation device, Häst Head Protector,f or similar full
head protection device) on and under the horse’s
head. Special attention should be paid to preven-
tion of nerve paralysis and myopathy, and efficient
recoveries prevent medical issues seen with slow
response.g A blindfold should be used to protect the
eyes and limit visual stimulation. From their
standing position, the handler can watch the horse
for movement reflexes, observe breathing rate by
watching the chest rise, and report changes in mus-
cle flaccidity or reflexes, while the veterinarian can
access the head and neck more freely.

4. Discussion

In both clinical and field—owners, veterinarians,
staff, and first responders have been injured by re-
cumbent horses while attempting to assist or treat
them.h Proper restraint by a trained animal han-
dler, with or without sedation/anesthesia, prevents
needless injuries to both humans and horses. Un-
less completely exhausted, debilitated, or hypother-

Fig. 9. A debilitated yearling is found down and hypothermic,

unable to stand. The handler, in full personal protective equip-

ment and under direction of a veterinarian, has assessed minimal

concern for struggling; thus, she is supporting the head on her

knees in preparation for adding head protection. However, this

is a difficult position to arise from quickly if the animal should

struggle. Photo courtesy of Washington State Animal Response

Team.

Fig. 10. Horses go down in trailers and other confined spaces where handlers have no ability to easily escape if the horse struggles.

These situations require the handler to offer restraint from a safe position until sedated—here—from outside the trailer, using a riding

pad for head protection and as a blindfold. Photo courtesy of Basin Fire Brigade.
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mic to the point of not struggling, animals should be
profoundly sedated or anesthetized for procedures to
reduce the chance of injury to personnel.

The Horse’s Perspective

Recumbency, from the perspective of the animal, is
very different from human perception. Horses that
may appear to be lying calmly are extremely
stressed and fearful (Fig. 9). Recumbent horses of-
ten lie quietly for a few minutes due to exhaustion,
but their instinct drives them to struggle unpredict-
ably and violently. The primary problem of recum-
bency quickly becomes overshadowed by the
secondary problems (decrease in gut motility, down
lung congestion, nerve and muscle impingement and
damage), thus a plan must be made efficiently to get
the horse to the recovery position (sternal), then on
its feet.8

For many technical rescue manipulations, the an-
imal handler must be able to lift, support, and move
the head in coordination with the team rolling, slid-
ing, moving, and/or packaging the recumbent horse
patient.9 Standardization of animal handler train-
ing for technical animal rescues by the fire service is
ongoing.10,11

Factors To Consider

● What is the weight and size of the horse?
● Is there an injury to the horse’s neck or head

that prevents use of this method?
● What is the disposition/breed/reactivity of the

horse?
● Is the horse in pain? Has analgesia been

administered?
● Training: Does the animal handler have ex-

perience and training with use of physical re-
straint of mannequinsi and real recumbent
horses? Are they in a safe position?

● Equipment: Does the handler have a good
quality halter and lead-rope to maintain con-
trol of the head, with head protection or at a
minimum a towel to use as a blindfold?

● Is there egress room for handler or are there
obstacles? What is footing quality?

● Are there going to be questions from observers
about why you are using this method that
looks different from past methods (i.e., stand-
ing versus knee in neck)?

Obstacles Add Danger

Recumbent animals in certain scenarios (confined
space: entrapped in an overturned trailer, with a
leg through the bars of a stall) are subject to abnor-
mal orientation and make for extremely dangerous
positions for the animal handler. Always consider
administration of sedation (IM, oral) before putting
any handler into such a dangerous position (Fig. 10).

5. Conclusion

Use of these updated methods and simple equip-
ment with personal protective equipment will con-
tribute to effective equine restraint and improved
ergonomic and kinetic safety for veterinary handler
personnel while allowing successful and efficient
outcomes of lateral recumbency in clinical, field, and
technical rescue incidents.
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1. Introduction

Coronary band dystrophy (CBD) appears to be in-
creasingly recognized and diagnosed in equine vet-
erinary practice as a distinct dermatological disease
that affects the equine coronet. However, the infor-
mation on this disease in the equine veterinary lit-
erature is sparse.1–4 The disease is frustrating to
treat, labor intensive on the part of the caregiver,
and is often non-responsive to treatment. CBD is
described as an idiopathic defect in cornification of
the coronary band that predominately affects the
heavy breeds of horses,a,b but in the study described
in this paper, the cases were either Warmblood or
Warmblood-cross horses. There appears to be no
apparent age or gender predisposition, all four
hooves are generally affected to a variable extent,
and long-term treatment may often be palliative
rather than curative.1 An immune-mediated path-
way appears to be the logical explanation as the
disease is responsive to systemic corticosteroids and
recently, a report describing methotrexate being
used to treat CBD appears to be promising.c The
response to these two drugs may indicate that the
term, CBD, is not actually correct and that chronic
immune-mediated coronitis may be more appropri-
ate. A form of pemphigus foliaceus termed pemphi-
gus coronitis has been incriminated but has not been
completely proven. This report describes the suc-
cessful (although it must be emphasized, not cura-

tive) treatment of greater than 20 horses that were
diagnosed with CBD. Interestingly, 7 horses sub-
sequently developed chronic proliferative pododer-
matitis (canker) secondary to CBD.

2. Materials and Methods

The records of 18 horses treated for CBD from 2015
until the end of 2019 were reviewed. Horses were
selected from referral cases that had severe clinical
signs of hyperkeratosis of the coronary bands involv-
ing all 4 feet and where other causes for these
lesions could be excluded. The form of hyperkera-
tosis noted consisted of the formation of thick crusts
on the coronet, showed hemorrhage and ulceration
when removed, interfered with normal hoof wall
growth, and did not respond to routine veterinary
care. Furthermore, the lesions were not limited to
the coronet but also appeared on the bulbs of the
heels and the base of the frog. The breed distinc-
tion was either Warmblood or Warmblood crossed
with Thoroughbred. Interestingly, quite a few of
these horses (6) were imported to the United States
at least a year prior to showing clinical signs. Sex
was divided into 10 geldings, 7 mares, and 1 stallion
and were aged between 7 and 18 years. The bulk of
the cases were either treated by or personally over-
seen by the author while the remainder of the horses
were treated through the author’s consulting prac-
tice and although there were good follow-up reports
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from the caregivers, the results could not be person-
ally verified.

Clinical Signs

When the horse is presented with CBD, the horse
may or may not show lameness depending on the
extent of the disease. In general, the coronary
bands are proliferative with crusting, scaling, vari-
able erythema, and often ulceration. In some in-
stances, the ergots and chestnuts are also affected
with the same lesions.1–4 Hooves may be thickened
with poor consistency of the hoof wall, irregular
ridges, scaling and closely packed growth rings.

While the severity of the disease may vary, the
initial changes at the coronary band may be subtle
but can rapidly progress until the clinical signs are
apparent. Generally, the hair that lays flat against
the proximal coronet will begin to rise off the coronet
and the proximal extent of the coronet will begin to
thicken. As the disease progresses, a thin bead of
dark brown, eroded, soft horn will be noted just
below the hair and the hair will begin to stick
straight out. At this point, hoof wall growth distal
to the coronet will decrease as noted by the tightly
packed growth rings (Fig. 1). Over time, the coro-
net at the hairline will swell, the bead of soft horn
will enlarge, and the hoof wall below the abnormal
horn will show crusts and scaling. The abnormal
horn will start to widen toward the heels and then
extend over the bulbs of the heels down to the frog
(Fig. 2, A and B). In the palmar or plantar section
of the foot, the abnormal growth at the coronet at the
heels will grow down into the hoof capsule and the
crusted horn will grow distally and cover the bulb
extending to the frog. The hair overlying the bulbs
will now be standing erect. The crusted horn will
often crack, ulcerate, and a clear serous exudate
may be present. At this point, the abnormal horn
may extend onto the surface of the frog if the frog is
located below the ground surface of the hoof wall at
the heels or ultimately may develop canker if the
frog is recessed between the walls of the hoof cap-
sule. In some cases, the thick crusted horn that
covers the bulbs of the heels and the base of the frog
will turn into a light brown, soft epithelium that is
covering a caseous white exudate that resembles
cottage cheese. This type of tissue is indicative of
proliferative pododermatitis or canker.5 Horses
may be lame if the CBD is so severe that there is
ulceration at the coronet, a deep fissure present at

Fig. 1. Hair above coronet sticking straight out, thin bead of

abnormal horn and tightly backed growth rings below coronet.

Fig. 2. A, Advanced case, hair sticking upward. B, Abnormal growth at coronet continuing wide bead of abnormal horn with cracks

into the heel bulbs. Horn covering the bulbs is soft and crusts/scaling below the bead, friable with fissures. Note fissure in central

sulci of the frog extending into the bulbs.
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the base of the diseased frog or the horse has devel-
oped canker (Fig. 3). A complete blood count and
serum chemistry was performed on each horse and
found to be within normal limits.

Diagnosis

A tentative diagnosis is made on the clinical appear-
ance and progression of the lesions localized to the
coronet and heel bulbs. A definitive diagnosis is
attained by ruling out other skin lesions such as
pemphigus foliaceus, eosinophilic exfoliative derma-
titis, dermatophilosis, zinc deficiency, selenium tox-

icity and infestation with Chorioptes equi.1,3 The
diagnosis can be confirmed with a biopsy. It should
be noted that confirmation of pemphigus requires
immunofluorescence staining which is not com-
monly done nor commonly available.d An inci-
sional biopsy was obtained under local anesthesia
from the coronet at the junction of the heel quarter
and the heel bulb. The biopsy reports in this
study showed the epidermis to be hyperplastic
with marked acanthosis and the formation of long
papillary fronds in the dermis. A moderate layer
of orthokeratosis hyperkeratosis covered the sur-
face of the epithelium over the coronary band der-
mis (Fig. 4A). Increased numbers of lymphocytes
and plasma cells can be seen in the dermal papilla
(Fig. 4B). The presence of lymphoid cells in the
dermis is potentially compatible with an immune-
mediated condition.c A recently published pa-
thology paper has an excellent photomicrograph of
a section of the coronet illustrating the histology
of CBD (Fig. 4C). As the biopsies were similar in
the first few cases in this report, biopsies were
discontinued because the wounds were difficult to
heal.

Treatment

Medication

Treatment is labor-intensive and an owner/client
commitment is necessary for success. The horse is
placed on a descending dose of oral prednisolonee

administered at 1 mg/kg q24h for 10 days, 0.5 mg/
kg, q24h for 10 days, and 0.25 mg/kg, q24h for 10
days.6 After 30 days, the dose is continually de-
creased, and the days of administration are spaced
further apart until the lowest possible dose to pre-
vent reoccurrence is administered once or twice
weekly. Also, at the onset of treatment, minocycli-
nef is given orally at 4 mg/kg, q12h in an attempt to
treat any possible low-grade infection present in the
coronary band.7 Firocoxibg is given orally at 171
mg, q24h for 3 days as a loading dose,8 and the 57
mg, q24h for a total of 14 days. This anti-inflam-

Fig. 3. Thickened coronet descending into the bulbs and frog

where tissue has developed into canker confirmed by bi-

opsy. Note prolapsed frog.

Fig. 4. A, CBD biopsy slide: The epidermis is hyperplastic with marked acanthosis and formation of papillary fronds. B,

Mild-to-moderate increase of lymphocytes in the dermal papilla (image courtesy of Derek Knottenbelt). C, Section of coronet

illustrating histology of CBD. Reprinted with permission: “Pathology Practice,” Twitchell. J Am Vet Med Assoc, 2014;245:385.
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matory medication is used to counteract inflamma-
tion and discomfort associated with the initial
debridement and subsequent daily debridements.

Topical Treatment of the Coronet

If the clinician does not perform this type of work,
the initial foot care should be performed with an
interested and skilled farrier. Most of these cases
show either poor hoof conformation or a hoof capsule
distortion with prolapsed frogs or recessed frogs,
long toe–low heel, or clubfoot conformation. Im-
proving the foot conformation will redistribute the
forces on the solar surface of the foot which in turn
will decrease the stresses on the coronet. To ac-
complish the appropriate farriery, the author has
found the best method is to remove the shoes ini-
tially and begin treatment in the barefoot state.
If the frog is prolapsed below the hoof wall and there
is a fissure in the central sulci of the frog, leaving the
horse barefoot will reposition the frog to the same
plane as the heels of the hoof capsule, the fissure
will heal and the frog will no longer be trauma-
tized. Otherwise, the heels of the hoof capsule
are trimmed to where the frog and the hoof cap-
sule are on the same plane and the rest of the hoof
capsule is shaped as described in a recent paper on
barefoot methodology.9

The horse is mildly sedated with the clinician’s
medication of choice allowing the horse to remain
coordinated. The hair around the entire coronary
band is clipped using a number 40 surgical clipper
blade. All loose exfoliating horn is removed from
the frog with a sharp hoof knife. The affected hoof
is placed on a farrier foot stand and the bulk of the
abnormal hoof wall, crusts, and scales are removed
with the smooth side of a farrier rasp. The same
procedure is performed over the bulbs of the heels to
the base of the frog. A medium-grit sanding block
is then used to continue sanding the coronet and
bulbs until there is a clear demarcation between
the skin and the coronet. Following debridement,
there may be some serous exudate or mild hemor-
rhage in which case a dry bandage can be placed for

24 hours. The horse is bedded with wood shavings
or sawdust for the drying effect and turned out in a
small dry paddock for a few hours per day if dry.
The wear on the frog should not exceed new horn
growth being produced, so it is important that the
footing is not too hard, or shoes can be replaced if
necessary. The coronary bands are cleaned every
few days with a medium grit sanding block, then
wiped with a moist gauze pad with saline and a thin
layer of either a hydrocortisone 2.5% ointmenth or a
betamethasone 0.5%/allantoin 1.5% ointmenti is ap-
plied. The frogs are cleaned daily with a wire
brush and then painted with solution of benzoyl
peroxide in 10% acetonej. This treatment is contin-
ued by the horse’s caretaker until the new growth
has normalized and then as needed if symptoms
begin to return (Fig. 5).

Canker

Seven of the horses developed canker in various feet
subsequent to showing signs of CBD. This may
show a correlation between the two disease entities
and CBD may predispose the foot to canker. The
gross appearance of canker is generally diagnostic,
but a biopsy is always an option for confirmation in
these cases. The biopsy is generally read out as
chronic proliferative pododermatitis.10 The coro-
nary bands and the bulbs showing CBD were
treated as described earlier in the text. Briefly, the
treatment of canker consists of placing a tourniquet
above the fetlock to provide a bloodless field which
will enhance careful and thorough debridement of
all disease tissue to where there is a clear demarca-
tion between normal and abnormal tissue. The de-
marcation can be observed by a change in the
appearance and consistency of the frog along with
small pin-point hemorrhages noted in the tissue.
Debridement is then followed by cryotherapy. Ben-
zoyl peroxide in 10% acetone combined with metro-
nidazole powder is applied to the debrided area and
the foot is bandaged. The bandages are changed
every second day, the debrided tissue is cleaned with
a suitable mild antiseptic solution, rinsed with sa-

Fig. 5. Dorsal surface of the coronet and solar surface of the same foot illustrated in Fig. 2, 3 weeks after initial treatment.
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line, and then the medication and bandages are
reapplied.10 The use of shoes and treatment plates
are discouraged as a dry environment on the solar
surface of the foot is preferred. Once the frogs have
healed and cornified, the treatment continues as
outlined for CBD (Fig. 6). The treatment may seem
involved but can be performed very efficiently by the
horse’s caretaker on a daily or every-second-day ba-
sis in a short period of time.

3. Results

All horses in this study responded to the described
treatment protocol and returned to full work. Suc-
cess was described as marked improvement in coro-
nary band and hoof appearance within 3 to 6 weeks
after treatment was initiated. In addition, horses
returned to full work when shoes were replaced,
horses had an acceptable macroscopic appearance of
the coronary band and hoof wall, required minimal
daily foot care, and were able to be reduced to at
least every-other-day steroid administration and re-
main disease free (Fig. 7, A–C). Again, it must be
emphasized, that due to the suspected genetic and
auto-immune implications of this disease, perma-
nent remission is generally not achieved.

4. Discussion

To the author’s knowledge, there are only two re-
ports in the literature on CBD and one is a pathology
report.3,4 These reports described the clinical signs
and diagnosis but provided minimal information on
treatment. This report details both systemic treat-
ment as well as in-depth foot care as the combina-
tion appears to be necessary for improvement.
As long-term corticosteroids are necessary for treat-
ment, it strongly suggests CBD to be an immune-
mediated disease. These horses appear to have a
specific antigen associated with the keratinized hoof
wall that is involved. Pemphigus remains a possi-
ble cause as it has several subtypes that could affect
an antigen located in a single type of tissue. A
descending dose of prednisolone was chosen due to
its good bioavailability, excellent anti-inflammatory
effects and appears to be a minimal risk factor for
developing laminitis.11 Minocycline, an oral anti-
biotic with good bioavailability and good tissue pen-
etration, was used at the initiation of treatment for
the possibility of a low-grade infection in the
coronet.

Foot care combined with the initial systemic ther-
apy appears to be essential for a successful outcome.
Taking the horse out of work during the initial treat-
ment phase allows the feet to rest and prevents
trauma to the healing tissue. Removing the shoes
allows the feet to be trimmed properly, effectively
improves any hoof capsule distortions or abnormal
hoof conformation, and leaves all the affected tissue
readily accessible for daily treatment. It appears
important to remove all abnormal horn and crusts
from the coronet and bulbs to allow penetration of
the topical medication at the skin coronet junction.
The topical corticosteroid ointment or the combina-
tion of betamethasone for its anti-inflammatory ef-
fect and allantoin for its astringent properties
appear to be effective in decreasing abnormal
growth. The affected tissue at the bulbs (and frogs)
will generally be soft, void of adequate horn thick-
ness, and contain multiple fissures. The use of ben-
zoyl peroxide in 10% acetone as an astringent seems
to improve the horn and promote cornification.
If canker is present, the frog is treated as a separate

Fig. 6. Heel bulbs and frog of the same foot with canker illus-

trated in Fig. 3, 6 weeks post-treatment.

Fig. 7. Lateral and palmar view (A & B) of foot in Fig. 3, 6 weeks later just before replacing shoes and resuming work. A straight

bar shoe (C) is used to stabilize the hoof capsule and allow the fissure to continue healing.
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entity as described above in combination with treat-
ment for CBD.

The final, essential, and extremely important as-
pect of this treatment is the commitment of the
owner/caretaker to persevere through with the
treatment plan. Although the treatment is not dif-
ficult; it is time consuming and the treatment not
only has to be performed daily or on a frequent basis
but must be thorough, consistent, and with atten-
tion to detail.
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1. Introduction

Joint pathology is the leading cause requiring vet-
erinary referral in horses and a prompt diagnosis
is crucial to maximize athletic performance and
minimize the progression of osteoarthritis.1,2 Cur-
rent advancements in traditional and advanced im-
aging have improved the diagnostic capabilities of
equine veterinarians.3–5 Nonetheless, arthroscopy
remains the gold standard for the diagnosis and/or
treatment of most articular pathologies, especially
for cartilage evaluation and intra-articular soft-
tissue lessions.3,5–8 Arthroscopy has been tradi-
tionally performed under general anesthesia (GA)
but nowadays, there are standing arthroscopic tech-
niques reported for diagnostic and treatment pur-
poses to avoid the risks and cost associated with
GA.9–12

A needle arthroscopea has been recently intro-
duced in veterinary medicine and has the potential
to change the diagnostic approach of veterinarians
as it has been done in the human field for some
instances.13 This technology is portable, afford-
able, allows direct joint evaluation through a mini-
mally invasive approach, and can be performed in
the standing patient. Thus, needle arthroscopy can
allow practitioners to bypass the diagnostic limita-
tions found in certain areas difficult to image with

traditional and advanced imaging (i.e., stifle and
shoulder), to improve the diagnostic capabilities be-
fore recommending surgery or advanced diagnostics
under GA for cases with unrewarding results after
traditional imaging (i.e., carpus, tarsus, and carpal
sheath) or to perform standing arthroscopic removal
of simple osteochondral fragments in standing pa-
tients (i.e., dorso-proximal first phalanx fragments).

The objective of this paper is to describe how to
perform standing needle arthroscopy in several sy-
novial structures where its use could be beneficial
for diagnostic or therapeutic purposes. In addition,
the benefits and limitations of the technique for
every region will be highlighted.

2. Materials and Methods

The procedures were carried out with a 1.2-mm di-
ameter and 65-mm long or 100-mm long (only for the
shoulder joint) needle arthroscopea. This arthro-
scope has a 10° forward-viewing angle and is reus-
able (5 to 8 times in general) after performing gas or
cold sterilization.

A custom-made splint adjustable in length and
foot angle and a splint base adjustable in height
and angle were designed in collaboration with an
orthotics research center to ensure stable limb
flexion during arthroscopic examination of the car-
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pus, tarsus, and carpal sheath (Fig. 1). Several
segments of the splint were adjustable (vertical
length, hoof piece and base angle, height and
thickness of padding blocks) to accommodate
limbs of different sizes and to warrant sterility
during the procedure. Minimal pre-operative
splint training was performed with the horses to
avoid an acclimation effect.

The technique and feasibility of the needle ar-
throscope to arthroscopically explore the meta-
carpo/tarsophalangeal (MCP/MTP), middle carpal
(MC), radiocarpal (RC), scapulohumeral (SH), and
tarsocrural (TC) joints and the carpal sheath was
first assessed in cadaveric specimens. Then, 6
horses without history of musculoskeletal disease
were enrolled to validate the use of the needle
arthroscope in the aforementioned synovial struc-
tures except the MCP/MTP joint (clinical cases
only). The studies were approved by the local
Institutional Animal Use and Ethics Committee.
For the MCP/MTP joint, horses admitted for
standing arthroscopic removal of simple osteo-
chondral fragments located in the dorsal recess of
the joint were enrolled.

For the synovial structures experimentally evalu-
ated, an intra-articular visualization score was at-
tributed to every articular structure, with 3 for
complete visualization, 2 for sub-complete (approxi-
mately 51% to 99% of the structure visualized), 1 for
partial (approximately 1% to 50% of the structure
visualized) and 0 for no visualization.

The pre-operative protocol, arthroscopic technique
and post-operative care followed after horses were
introduced in standing stocks and sedated with
detomidine and butorphanol will be described next
for every synovial structure. During the procedure,
a light plane of sedation was maintained with a
constant rate infusion (CRI) of 0.1% detomidine �

butorphanol titrated as needed. Horses were ad-
ministered phenylbutazone before and 8 to 12 hours
after the procedure. To prevent urine contamina-
tion of the surgical field from males, a bag attached
to a metallic ring and held in place with a roll of
gauze around the abdomen of the horse (Fig. 2) was
placed below the prepuce for forelimb surgeries ex-
cept the SH joint and they were catheterized in a
standard fashion for hindlimb surgeries. For
mares, a plastic sheet was attached to the back of
the stocks and placed right behind the thigh area to
prevent urine spillage into the surgical field for
hindlimb surgeries. The region of interest was
clipped immediately before the procedure.

Metacarpo/Tarsophalangeal Joint (Dorsal Recess)

● Horse position was adjusted within the stocks
with a transverse bar placed either cranially
(forelimb surgery) or caudally (hindlimb sur-
gery) to increase the distance of the operated
limb/s from the stocks’ frame. If available, a
modified stocks door as used to perform stand-
ing tie-back surgery may facilitate distancing
the affected limb from the stock frame. The

Fig. 1. The top image depicts the custom-made splint. The

splint has an adjustable length and foot angle (black circle). The

bottom image depicts the splint base, which is adjustable in

length (white circle) and angle (black circle).

Fig. 2. A sedated horse positioned inside standing stocks. The

white arrow depicts the bag placed below the prepuce to collect

urine. A soft mat is to the right of the horse to facilitate the

comfort of the technicians and the surgeon.
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horse is covered by a blanket to prevent hair
from falling into the surgical field.

● If unilateral hindlimb surgery was performed,
a Kimzey splintb was placed in the contralat-
eral limb to prevent the horse from resting the
affected hindlimb during the procedure. Ad-
ditionally, butorphanol was not used for
hindlimb surgeries to further prevent limb
resting.

● Local analgesia, limb preparation, and draping
was similar to previously described.8 Briefly,
after aseptic preparation of the fetlock region,
a line block just above the dorsal joint recess
and intra-articular anesthesia (30 mL) were
performed with 2% mepivacaine hydrochlo-
ride. In addition, a sterile self-adhesive elas-
tic bandage was placed from proximal cannon
bone to mid-radius/tibia to prevent hair from
falling into the surgical field. Next, a sterile
adhesive drape was placed around the fetlock
and then the foot and kneeling mat were cov-
ered with a surgical drape first and then, by an
adhesive “U” drape.

● The surgeon should kneel just laterally to the
affected limb on a soft mat or wear knee pads
unless the stocks can be lifted. Additionally,
the arthroscopic screen can always be placed
cranially (author’s preference) or alternated
between cranial or caudal according to frag-
ment location, limb affected and/or dominant
hand (Fig. 3A).

● A 65-mm-long needle arthroscope and a
2.4-mm outer diameter cannula (regular can-

nula is 2.2-mm diameter) is recommended to
be able to provide enough fluid delivery after
an instrument portal is placed (Fig. 3F). Ei-
ther a pressure infusion bag or a peristaltic
pumpc (author’s preference) is used to ensure
joint distention during the procedure. Spe-
cial attention to fluid delivery settings during
each phase of surgery is critical to prevent
fluid extravasation or joint capsule rupture if a
peristaltic pump is used.

● A standard approach to the MCP/MTP joint
was carried out after a 3-mm skin incision with
an 11# blade was performed.14 A sharp obtu-
rator was used to penetrate the joint capsule
perpendicularly to the incision. At this level,
cartilage is covered by the synovial plica and
cannot be damaged. After joint penetration,
the sharp obturator was replaced by a blunt
obturator and the cannula and obturator were
advanced into the joint in a horizontal direc-
tion. Lastly, the blunt obturator was re-
placed by the arthroscope and joint exploration
started.

● At the end of the procedure, 250 to 500 mg of
gentamicin or amikacin were injected into the
joint. The 3-mm arthroscopic portal was left
unsutured to improve cosmetic appearance
and prevent suture removal complications
for that portal. Routine bandaging was per-
formed for 2 weeks. At 2 weeks, sutures were
removed from the instrument portal and hand
walking was started.

Fig. 3. Set-up to perform standing-needle arthroscopy in the metacarpophalangeal (A), radiocarpal (B), tarsocrural (C), carpal sheath

(D), and scapulohumeral (E) joints. 65-mm and 100-mm needle arthroscopes, cannulas (2.4-mm diameter in blue and 2.2-mm in

green), and obturators are depicted in the image (F).
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Middle Carpal and Radiocarpal Joints (Dorsal Recesses)

● The animals were placed slightly outside of the
stocks to prevent interference with the stocks’
frame. A lower limb bandage was placed and
then the splint was attached to the limb to be
operated on (Fig. 3B).

● After a first scrub of the carpal region, a line
block with lidocaine hydrochloride 2% just
proximal to the dorsal aspect of the RC joint
and intra-articular anesthesia of both joints
with 20 mL of mepivacaine hydrochloride 2%
were performed. The carpus was then ster-
ilely prepped and draped as follows: a sterile
elastic bandage was placed proximally and dis-
tally to the carpus and a sterile adhesive drape
was placed around the carpal region.

● After draping, the splinted limb was attached
to the splint base to achieve a carpal angle of
110° flexion, which achieved satisfactory eval-
uation of both joints in cadaveric speci-
mens. This step was purposely done right
before arthroscopic exploration to minimize
the time horses were held with their carpi
flexed.

● The surgeon sat cranio-laterally to the limb
during the procedure and used one hand to
direct the scope while the other hand was used
to held/stabilized the limb. Thus, the 360°
sterile draping is recommended.

● Routine dorsal arthroscopic approaches to the
carpus were performed after a 3-mm skin in-
cision was done.14

● During the procedure, an assistant was avail-
able to hold the splinted limb as needed to
reduce limb movement. Additionally, the
splint base was designed with a wide base to
prevent limb rocking and also to allow the
surgeon to step on it to further prevent limb
movement (Fig. 3B). The described features
to minimize limb movement were also used
during TC arthroscopy and carpal sheath
tenoscopy.

● A 65-mm-long needle arthroscope and a
2.2-mm outer-diameter cannula (regular can-
nula) was used. A pressure infusion bag was
used to ensure joint distention during the
procedure.

● Joints were injected with 250 mg of gentamicin
at the end of the procedure, incisions were left
unsutured, and limbs were routinely bandaged
for 4 to 5 days. After this period, horses re-
turned to paddock turnout.

Tarsocrural Joint (Dorsal Recesses and Plantarolateral

Recess)

● Horses were placed inside the stock as far as
possible from the back to prevent interference
with the stocks’ frame. A lower limb stable
bandage was placed and the splint applied.

● As for the carpus, a regional line block with
lidocaine hydrochloride 2% just proximal to
the dorsomedial, dorsolateral, and plantarolat-
eral joints recesses was administered following
a surgical scrub. Then, intra-articular anes-
thesia with 20 mL of mepivacaine hydrochlo-
ride 2% diluted in 30 to 40 mL of an isotonic
solution was administered. The tarsal region
and the contralateral limb were next draped as
described for the carpal region. Lastly, the
splinted limb was attached to the splint base
with the tarsus flexed at 90°.

● The surgeon sat cranio-laterally to the limb
during the procedure and used one hand to
direct the scope while the other hand held/
stabilized the limb. Thus, the 360° sterile
draping is recommended.

● A 65-mm long-needle arthroscope and a
2.2-mm outer-diameter cannula (regular can-
nula) was used. A pressure infusion bag was
used to ensure joint distention during the
procedure.

● As for the previous joints, it is recommended to
use the sharp trocar first to pierce the joint
capsule and then replace it by the blunt trocar
before further advancing the cannula within
the joint. This approach ensures a tight seal
around the arthroscopic cannula and mini-
mizes fluid extravasation. The dorsolateral
approach was made slightly axial to the center
of the dorsolateral outpouching and the cannu-
la/obturator were introduced toward the lat-
eral malleolus of the tibia. The dorsomedial
approach was made between the extensor ten-
don bundle and the saphenous vein to maxi-
mize joint visualization and the cannula/
obturator were introduced toward the medial
malleolus of the tibia. The plantarolateral
approach was made in the caudocentral to cau-
doproximal aspect of the outpouching to pre-
vent interference with the lateral trochlea of
the talus (Fig. 3C).

● Joints were injected with 250 mg of gentamicin
at the end of the procedure, incisions were left
unsutured, and limbs were routinely bandaged
for 4 to 5 days. After this period, horses re-
turned to paddock turnout.

Carpal Sheath (Proximolateral Recess)

● Horses were either placed slightly outside of
the stocks or completely caudally to prevent
interference with the stocks’ frame. A lower-
limb bandage was placed and the splint was
attached to the limb to be operated on (Fig.
3D).

● After a first scrub of the lateral carpal region,
a line block with lidocaine hydrochloride 2%
just proximal to the proximolateral recess of
the carpal sheath and intrathecal anesthesia
of the sheath with 20 mL of mepivacaine hy-
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drochloride 2% diluted in 40 mL of an isotonic
solution were performed. A sterile elastic
bandage was placed proximally and distally to
the carpus and an adhesive drape was circum-
ferentially placed around the carpal region.

● After draping, the splinted limb was attached
to the splint base to achieve a carpal angle of
30° from the vertical plane.

● The surgeon sat cranio-laterally to the limb
during the procedure and used one hand to
direct the scope while the other hand was used
to hold/stabilize the limb. Thus, the 360°
sterile draping is recommended.

● A routine tenoscopic approach through the
proximolateral recess of the carpal sheath (3
cm proximal to the distal radial physis) was
performed.14 In this case, a blunt obturator
was used to enter the sheath perpendicular to
the limb and then tenoscopic evaluation was
carried out.

● A 65-mm long-needle arthroscope and a
2.4-mm outer-diameter cannula was used in
anticipation of the higher torque needed to
explore the intertendinous recess. A pressure
infusion bag was used to ensure joint disten-
tion during the procedure.

● The sheath was injected with 250 mg of gen-
tamicin at the end of the procedure. The
incision was left unsutured and the limb was
routinely bandaged for 4 to 5 days. After
this period, horses returned to paddock
turnout.

Scapulohumeral Joint

● Horses were placed slightly outside of the
stocks to prevent interference with the stocks’
frame.

● After a first scrub of the shoulder region, skin
and subcutis were anesthetized using a line
block proximal to the joint with lidocaine
hydrochloride 2%. Next, the SH joint was
anesthetized and distended with 20 mL of
mepivacaine hydrochloride 2% diluted in 25
mL of an isotonic solution via a cranio-lateral
approach with a 18-G spinal needle.

● No draping was used for this joint and the
surgeon stood cranio-laterally to the limb dur-
ing the procedure (Fig. 3E).

● A routine cranio-lateral approach to the SH
joint was performed.14 To facilitate joint en-
try, the needle used for joint anesthesia and
distension was left in place and the cannula
and a blunt obturator were directed in the
same direction until joint entry.

● A 100-mm long-needle arthroscope and a
2.4-mm outer-diameter cannula was used in
anticipation of the higher torque needed to
explore this joint. A pressure infusion bag
was used to ensure joint distention during the
procedure.

● The joint was injected with 250 mg of genta-
micin at the end of the procedure. The incision
was left unsutured and a sterile adhesive ban-
dage was applied for 24 to 48 hours. Horses
were kept in stall rest for 2 to 3 days after the
procedure before being turned out in a small
paddock.

3. Results

Metacarpo/Tarsophalangeal Joint (Dorsal Recess)

Eight females and 13 geldings, from 1.7 to 11 years
of age (mean, 4.5 years; median, 4 years) of different
breeds (12 Warmbloods, 4 Quarter Horses, 3 Stan-
dardbreds, 1 Friesian, and 1 Lusitano) were oper-
ated with the technique.

Dorso-proximal first phalanx fragments were
found in 18 horses (24 joints, 30 fragments), frag-
ments embedded in the distal aspect of the synovial
plica in 2 horses (2 joints, 4 fragments) and a free-
floating fragment believed to have come from the
dorsal sagittal ridge of the third metatarsal bone
(MT3) in one horse (1 joint). Fifteen of 21 horses
(71%) were unilaterally affected and 6 (29%) bilat-
erally. Thirty-five osteochondral fragments were
arthroscopically removed from 27 joints: 15/27
(56%) frontlimbs (9 right and 6 left) and 12 (44%)
hindlimbs (7 right and 5 left). One solitary frag-
ment was removed from 19/27 joints (71%) and 2
from 8 (29%) joints.

Patient preparation was approximately 60 min-
utes while the surgical procedure took 15 to 20 min-
utes for most patients. Joint visualization was
considered equivalent to performing the surgery
standing with a 4-mm arthroscope.

Intra-operative complications included mild fluid
extravasation in two horses and one horse urinated
at the end of hindlimb surgery despite urinary cath-
eterization but did not contaminate the surgical
field. Moderate movement during the procedure
leading to arthroscope exit and reintroduction was
seen in 5/21 horses but only in one after the tech-
nique was refined (use of a contralateral Kimzey
splint for unilateral hindlimb surgeries and per-
forming the line block just proximal to the joint
recess) after the first 5 horses.

No equipment damage occurred and the arthro-
scopes were reused approximately 5 to 8 times (it
was not necessary to reuse them more than 1 to 2
times for the other synovial structures in the study).
None of the joints became septic and all arthroscopic
incisions were macroscopically healed 2 days post-
operatively. This was also the case for the other
synovial structures investigated.

The following synovial structures were evaluated
in 6 healthy medium-sized breed horses (4 mares
and 2 geldings) with a mean age of 9 years old
(range, 3–13) and mean weight of 450 kg (range,
380–528).
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Middle Carpal and Radiocarpal Joints

Arthroscopy of the RC joint was performed on all
horses (3 left and 3 right forelimbs), whereas ar-
throscopy of the MC (first joint evaluated) was only
carried out on the first 3 horses (2 left and 1 right
forelimbs). Mild weight-bearing movements dur-
ing the procedure transiently limited visualization
of the caudal aspect of the weight-bearing surface of
the bones in the MC joint. This made thorough MC
joint evaluation time consuming, which subjectively
affected procedure tolerability/movement during RC
arthroscopy. Thus, for the following three horses it
was decided to explore only one joint and the RC
joint was chosen.

For both joints, most IA structures were com-
pletely visible from the dorsolateral approaches (ra-
diocarpal joint [RCj] mean dorsolateral visualization
score: 2.75 and middle carpal joint [MCj]: 2.83)
while they were mainly completely to subcompletely
visualized from the dorsomedial approaches (RCj
mean dorsomedial visualization score: 2.28 and
MCj: 2.12). Despite the superior scores for the
dorsolateral approaches, both arthroscopic ap-
proaches are recommended for a thorough joint
evaluation.

Mean � SD arthroscopic times for the RCj and
MCj were 6.24 � 1 minute and 9.75 � 1.75 minute,
respectively. Splint wear was well tolerated by all
horses. The procedure was considered feasible
with only minor complications (mild hemarthrosis in
1/6 and mild iatrogenic damage in 2/6) associated to
the technique other than movement. Moderate
limb movement occurred in 2 of the 3 first horses
where both joints were evaluated during the same
procedure.

Tarsocrural Joint

A mean visualization score of 2.53 was obtained for
the dorsal arthroscopic approaches (2.69 for the dor-
solateral [first approach performed] and 2.38 for the
dorsomedial approach [second approach performed])
while only a mean score of 1.88 was obtained for
the plantarolateral approach (third approach per-
formed). The main visualization limitation for the
dorsolateral approach was partial to subcomplete
visualization of the medial malleolus and short
medial collateral ligament thereby, thorough evalu-
ation of the dorsal joint recesses requires both ar-
throscopic approaches.

The lower scores for the dorsomedial and plan-
tarolateral approaches were associated with the
presence of profuse hemarthrosis and therefore,
limited visualization in 3/6 horses during the dor-
somedial approach. The dorsomedial vascula-
ture was damaged during the initial arthroscopic
approach in one horse and due to movement (can-
nula exit and reintroduction) in the two other
horses. Additionally, residual deep digital flexor
tendon tension prevented arthroscopic evaluation
of the plantaromedial structures in one horse.

No other complications were seen during the pre-
operative or post-operative period.

Mean � SD arthroscopic time to perform the dor-
solateral, dorsomedial, and plantarolateral ap-
proaches were 2.57 � 0.65 minutes, 2.55 � 1.10
minutes, and 5.06 � 2.05 minutes, respectively.

All 6 horses tolerated the splint and base during
the procedure. Nonetheless, 2 horses were shorter
and did not require the splint base to achieve a 90°
of tarsal flexion.

Carpal Sheath

The procedure allowed complete visibility of most
proximal carpal sheath structures up to the carpo-
metacarpal joint level. Nonetheless, visualization
of the intertendinous recess was partial in most
horses (4/6) due to remaining flexor tendon tension
in standing horses. The splint was well tolerated
by all horses (6/6) but placement of the splinted
limb on the splint base resulted in occasional drastic
limb movement during the procedure in one horse.
Mean tenoscopic time was 7 � 3 minutes.

Besides the aforementioned movement in one
horse, only mild complications were found: mild
and transient intrathecal bleeding in 3/6 horses,
mild-to-moderate fluid extravasation in 3/6 horses,
and mild cannula bending while accessing the tight
intertendinous recess in 2/6 horses.

Scapulohumeral Joint

Joint distraction and limb adduction without joint
collapse is not possible in the standing horse, and
therefore it was anticipated that the medial aspect
of the joint would not be visible.

The joint was arthroscopically accessed on the
first attempt in all but one case (2 attempts). The
glenoid rim up to 2 cm medially, humeral head and
synovial membrane were completely visualized cen-
tro-laterally in all cases and caudo-laterally in 3/6.
The visualization of the most caudal aspect of the
joint was partial in three cases. Visualization of
the cranial aspect of the glenoid rim and glenoid
notch was partial in two and three cases, respec-
tively, and complete in the remaining cases.

Arthroscopic evaluation took a mean time of 7
minutes (ranging from 5 to 10 minutes). Arthro-
scope manipulation and maneuverability was con-
sidered easy in all instances and all horses tolerated
the procedure well without any undesirable move-
ments. Fluid extravasation was encountered in all
cases, being mild in 5 cases and moderate in one.
Mild iatrogenic cartilage damage during trocar pen-
etration was seen in 2 horses; however, no lesions
were identifiable when horses were euthanized 8
months later for reasons unrelated to the project.

Representative arthroscopic and tenoscopic im-
ages of all the synovial structures explored are
shown in Fig. 4.
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4. Discussion

The mortality rate associated with GA has been
reported to be approximately 1% in horses. Addi-
tionally, other perianesthetic risks are also preva-
lent and remain significantly higher in horses than
in other species.9 Nonetheless, GA is required to
perform arthroscopy and advanced imaging in most
instances due to the size and temperament of
horses. Moreover, traditional imaging has a lim-
ited diagnostic accuracy in certain regions (i.e.,
shoulder), yields a moderate diagnostic rate for
certain articular lesions and does not offer infor-
mation regarding cartilage health.4,14,15 For ex-
ample, radiography and ultrasonography still
miss a percentage of intra-articular soft-tissue in-
juries and osteochondrosis dissecans lesions in the
tarsus, especially for osteochondrosis lesions at
the level of the medial malleolus (sensitivity of
71% and 83%, respectively).7,8 In the carpus,
some lesions such as nonmarginal osteochondral
fragments, cartilage damage, and palmar intercarpal
ligament tearing can be radiographically silent and
difficult to diagnose preoperatively.16–18 Lastly, a
definitive diagnosis for soft-tissue pathologies in-
volving the carpal sheath require an expert ultra-
sonographer and tenoscopy remains the gold
standard for diagnostics.19 Thus, the use of stand-
ing arthroscopic techniques for diagnostic purposes
will eliminate the risks associated with GA and
may improve the diagnostic rate before a treat-
ment is pursued. Additionally, good character-
ization of the lesions will provide clients with a
more accurate prognosis before pursuing surgery
and will help veterinarians with surgical plan-
ning. Finally, the technique could also be used as
a second-look arthroscopic technique for clinical or
research purposes.

The techniques reported offered a quick, safe, and
reliable diagnostic evaluation of the investigated sy-
novial structures but as for other diagnostic tech-
niques, they are not exempt of limitations. General
and specific limitations and tips are discussed below.

1. Needle arthroscopy is mainly conceived for
diagnostic purposes but a therapeutic use
has been shown for the dorsal compartment
of the fetlock and could also be possible for
simple osteochondral lesions in other re-
gions. Nevertheless, further investigations
are needed before it can be recommended.

2. The needle arthroscope has a 10° lens view-
ing angle and the field of view is
smaller. This translates to working closer
to the area of interest and having a sub-
complete to partial visualization for certain
structures during specific arthroscopic ap-
proaches (i.e., limited visualization of the
medial malleolus of the tibia from the
dorsolateral approach and of some carpal
structures from a contralateral ar-
throscopic approach). To minimize this
limitation, a good arthroscopic knowledge
is mandatory before attempting the tech-
nique. Also, some joints (i.e., MC, RC, and
TC) will require two arthroscopic ap-
proaches to obtain a thorough joint evalu-
ation. Lastly, the required arthroscope
and console are specialized equipment and
require a practice investment.

3. Fluid delivery could be a problem if an in-
strument portal or intense joint lavage (i.e.,
moderate hemarthrosis is present) is re-
quired. This could be completely or par-
tially solved by using the 2.4-mm diameter

Fig. 4. Representative arthroscopic and tenoscopic images of the metacarpophalangeal joint (A), radiocarpal (B), middle carpal (C),

tarsocrural (D), carpal sheath (E), and scapulohumeral joints (F).
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cannula and a peristaltic pump. Addition-
ally, a needle can be used to allow joint la-
vage in cases of mild hemarthrosis or
darkening of the synovial fluid. This needle
can also be used to retract the synovium from
the field of view as required.

4. Joint distension is usually achieved at the
same time that anesthetics are deliv-
ered. Nevertheless, anesthetics can leak
into the subcutis by the time of the procedure
and lead to suboptimal distension. In those
cases, it is recommended to redistend the
joint immediately before arthroscopic entry
to minimize the possibilities of iatrogenic
cartilage damage.

5. A custom-made splint and a base were de-
signed to obtain the required tarsal and car-
pal angle for the procedures while ensuring
sterility. The current splint fits forelimbs
and hindlimbs of different sizes and has a
heavy and wide base to minimize horse
movement during the procedure. Unfortu-
nately, the splint is not yet commercially
available and performing the procedure with
other commercially available splints will
likely jeopardize sterility. In contrast, the
author anticipates that standing carpal
sheath tenoscopy could be performed with
commercially available splints without risk-
ing the sterility of the procedure.

6. Horse temperament should be taken into
consideration before attempting the tech-
nique to prevent horse, personnel, or equip-
ment damage. Anxious or unbroken horses
or horses that cannot get rapidly acclimated
to splint use are not good candidates. The
research horses used for the experimental
arthroscopies received minimal splint train-
ing before the procedures to prevent an ac-
climation effect. Additionally, the behavior
was unknown before acquiring these horses
for the studies.

7. Despite good splint tolerance, horses may
move during the procedure and limit or
lengthen the procedure. Several steps can
be put in place to reduce/minimize this move-
ment: 1) Appropriate sedation and analge-
sia. A relatively light plane is preferred to
prevent animals from resting the limb to be
operated on or being wobbly. 2) Local and
intrasynovial anesthesia is mandatory. 3)
Excellent arthroscopic knowledge is crucial
to minimize procedure time. 4) Minimize
the time horses wear the splint base, if re-
quired for the procedure, and therefore, they
are partially weight bearing on the limb. 5)
Have an assistant available to hold the limb
as required and step on the wide splint base
to further improve limb stability.

8. The unsutured arthroscopic portals are mac-
roscopically healed around 2 days after the

procedure and no septic synovitis have been
encountered. Leaving the portals unsu-
tured avoids a recheck appointment for su-
ture removal, which reduces cost for clients
and improves cosmetics. Nevertheless, the
use of cyanoacrylate glue or wound closure
strips could be used if desired.

9. When the technique was used for diagnos-
tic purposes, horses required a short con-
valescence period (4 to 5 days maximum)
before turnout was resumed. This period
is significantly shorter than after perform-
ing therapeutic arthroscopy. Neverthe-
less, a therapeutic procedure may follow
diagnostic needle arthroscopy in many
cases.

10. No clinical cases were included for the syno-
vial structures experimentally evaluated
and therefore, further investigations are
needed to determine other benefits and
limitations of the technique. As clinical
cases are recruited, it will be easier to deter-
mine the diagnostic accuracy of the tech-
nique for the different pathologies and
synovial structures.

11. MC/MTP joint: Standing arthroscopy of the
MC/MTP joint for diagnostics or for removal
of simple dorsal osteochondral fragments is
undoubtfully beneficial for horses. How-
ever, many surgeons still prefer to do the
technique under GA due to concerns regard-
ing surgeon position during the procedure,
equipment damage, or familiarity with the
technique. The reported technique is safe
for horses and personnel and in case of dam-
age, needle arthroscopes are significantly
cheaper than a traditional 4-mm arthro-
scope. Nonetheless, equipment damage is
rare to occur with either arthroscope. The
author found that the learning curve for the
technique was not steep and the MC/MTP
joint is likely a good starting point for sur-
geons willing to initiate on standing arthros-
copy. The landmarks and intra-articular
structures of the MC/MTP joint are simple to
identify for surgeons already familiar with
traditional arthroscopic techniques.

12. MC/RC joints: Horses only tolerate partial
weight bearing on a forelimb for a very lim-
ited time. Thus, moderate movement oc-
curred in 2/3 horses when both joints were
performed at the same time and only the RC
joint was evaluated for the remaining 3
horses. It is recommended to explore one
joint at a time to minimize limb flexion time
and movement and therefore, increase pro-
cedure tolerability. Nevertheless, it is un-
common that both joints will need to be
evaluated in clinical cases. For most clin-
ical scenarios, it is recommended that both
dorsal approaches be performed for a thor-
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ough joint evaluation. This is also recom-
mended for traditional carpal arthroscopy
under GA.14

13. TC joint: The dorsolateral approach is safe
and allowed an exhaustive evaluation of the
joint except for the medial malleolus and the
short medial collateral ligament. Thus, it is
possible to perform only this approach unless
concerns are focused on the most medial as-
pect of the joint or a thorough joint evalua-
tion is desired. Profuse hemarthrosis was a
significant complication when the dorsome-
dial approach was performed. This was
mostly related to reintroduction of the ar-
throscope after the horse has moved (2/3
horses). At this point, the dorsomedial vas-
culature may have rolled under the original
incision and the surgeon inadvertently
punctured it. Thus, critical attention is
required while performing the original dor-
somedial approach or reintroducing the
cannula to avoid the saphenous vein and
its branches. Alternatively, a larger inci-
sion could be performed to clearly deter-
mine the absence of vasculature before
cannula introduction.

14. Carpal sheath: This technique offered a
thorough evaluation of the proximal sheath
structures, where pathology tends to occur,
except the intertendinous recess (partial
evaluation in 4/6 and complete in 2/6). This
was associated with residual tendon tension
during the standing procedure, which could
potentially be resolved by having the limb
held by an assistant while the practitoner
explores the region. Evaluation of the in-
tertendionus region is important to detect
tearing of the superficial digital flexor tendon
accessory ligament. Nevertheless, all re-
ported cases with this lesion have also been
tenoscopically identified medial to craniome-
dial to the deep digital flexor tendon and this
technique has the potential to identify them
at this location.20

15. Scapulohumeral joint: This technique did
not offers thorough a joint evaluation as ar-
throscopy under GA does because it was im-
possible to obtain joint distraction and limb
adduction with the animal standing. None-
theless, the craniolateral, centrolateral, and
caudolateral aspect of the glenoid rim and
the humeral head are visible and pathology
can be identified at this level. The tech-
nique described does not identify some con-
ditions involving the SH joint but the
simplicity of the procedure should encourage
surgeons to use it due to its diagnostic poten-
tial. The technique is very similar to per-
forming an SH joint injection. Moreover,
the technique could also be used as a screen-
ing tool to better select surgical candidates.

5. Conclusion

The described techniques mainly offer an alterna-
tive diagnostic tool for a subset of cases where tra-
ditional imaging modalities are unrewarding or fail
to obtain a definitive diagnosis. Additionally, it
may be useful for horses where an accurate progno-
sis is required before arthroscopic treatment under
GA is pursued (cartilage evaluation and extent of
cartilage and soft-tissue damage). Lastly, the tech-
nique has the potential to be used as a second-look
arthroscopic technique to monitor healing/damage
in clinical and research settings. Further investi-
gations are needed to determine its applicability in
clinical cases as joint visualization, limb movement,
and splint tolerance may be challenging in horses
with pathology.
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Computed tomography showed consistent damage to the cerebrum, cerebellum, and brainstem in
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1. Introduction

Disposal of equine carcasses euthanized with pento-
barbital is becoming increasingly restricted. Pen-
tobarbital-tainted dog food has led to decreased
acceptance of equine cadavers by rendering facili-
ties. Research has indicated that there is limited
degradation of pentobarbital over a yearlong pe-
riod when composting carcasses of equines eutha-
nized with pentobarbital. There is also an
increased general awareness of the role veterinar-
ians play in protecting the natural environment
and wildlife. These conditions have led to a need
for additional knowledge regarding alternative eu-
thanasia methods.

2. Materials and Methods

The authors conducted computed tomography stud-
ies of 53 equine cadaver heads that had been shot
with 1 of 6 firearm-ammunition combinations by
using a novel anatomical aiming point where the 2
temporalis muscles form an inverted V. The scans

were evaluated for damage to the cerebrum, cerebel-
lum, brainstem, and spinal cord.

3. Results

Consistent damage was caused to the cerebrum, cer-
ebellum, and brainstem of equine cadaver heads
with each of the firearm-ammunition combinations.
There was statistically different types of damage
caused by the firearm-ammunition combinations.

4. Discussion

The firearms and ammunition combinations exam-
ined in this study using a novel aiming point are
reasonable options for equine euthanasia.
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1. Introduction

Cyathostomins are pervasive parasites of horses.
In rare cases, mass excystment of larvae can lead to
life-threatening disease. Anthelmintic treatment
can target both the adults in the large intestine
and/or the encysted larvae. Anthelmintics that are
adulticidal only, such as ivermectin, have been im-
plicated in cyathostomin disease. However, con-
cerns have been raised that killing larvae while
encysted within the mucosal walls could lead to ad-
verse reactions as well.

2. Materials and Methods

This study evaluated the local and systemic inflamma-
tory reaction to two different macrocyclic lactones:

moxidectin, which is both adulticidal and larvicidal,
and ivermectin, which is adulticidal only. Briefly, 36
horses were allocated into one of 3 groups: moxidec-
tin treated, ivermectin treated, and an untreated con-
trol group. Half the horses from each group were
euthanized at 2 weeks posttreatment, and the other
half at 5 weeks posttreatment. Weekly blood sam-
ples were collected throughout the study for gene ex-
pression evaluation. Tissue samples were collected
from the cecum, ventral, and dorsal colon for histopa-
thology and gene expression at the 2 and 5 weeks
posttreatment.

3. Results

Of the three groups, the moxidectin-treated group
had a significantly lower proinflammatory response,
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followed by the ivermectin-treated group, and then
the untreated controls.

4. Discussion

The data suggest that removal of cyathostomins will
reduce the proinflammatory response associated
with infections. In conclusion, proinflammatory re-
actions to anthelmintic treatment was minimal,
but lowest for moxidectin-treated horses. Further
work is needed to elucidate the exact mechanisms
involved with the regulation of worm burdens and
worm expulsion.
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Abdominocentesis, in field assessment of colic
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surgery, 448
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right-sided abnormalities in laryngeal function,
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varied presentations of, 450
Asthma, equine

in barrel racing horses, 300
dietary pro-resolving lipid mediators for, 84
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Athletic horses. See Performance horses; Sport
horses
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horse bone, 464
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Bone, horse, detection and residence time of
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Bone marrow mononuclear cell therapy

effects on joint homeostasis, 224
for joint disease, 226
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Brain damage, by firearms, CT assessment, 489
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comparison of semen extenders, 128
foal-heat breeding options, 138
inflammatory biomarkers in lavage of mares

with endometritis, 150

interleukin-6 as biomarker for placentitis, 134

iodine levels in broodmares and foals, 152
one-hour post-breeding lavage, 130
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Broodmares, extensively managed, iodine levels in,
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Business management. See Practice management

C
Cannabis, in the patient, legal conundrums, 272
Carotid artery, equine fetal, Doppler indices of, 135
Cartilage, in young horses, effects of aquatic

conditioning, 332
Castrations, field, CCFA as preoperative antibiotic,

459
Ceftiofur crystalline free acid (CCFA), long-acting, as

preoperative antibiotic in field castrations, 459
Cerebrospinal fluid (CSF), pNfH as biomarker of

equine neurodegenerative diseases, 320
Cervical spine, diagnostic imaging findings, 24
Ciclesonide, inhaled, in horses with severe equine

asthma, 298
Coffin joint, shoeing around, 404
Colic

field assessment, advanced diagnostic
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long-term management following surgery, 124
medical management in the field, 115
referrals on emergency basis, 119

Computed tomography (CT)
assessment of brain damage after gunshot

euthanasia, 489
prognosis, rehabilitation, and return to work, 30

Concentrates, for performance horses
feeding for optimal digestive health, 61
how to select, 50

Contracts, seen in practice, issues to negotiate,
265

Coronary band dystrophy, treatment of, 473
Corporate practices, buying and selling, 262
Critical illness, in neonatal foals, 208
CT. See Computed tomography
Cyathostomins, antihelminthic treatment, 491
Cytokines, inflammatory, in low-volume lavage of

mares with endometritis, 150

D
Degenerative endometrial fibrosis, inflammatory

biomarkers in lavage, 150
Dermatology, treatment of coronary band

dystrophy, 473
Devil’s claw, supplements containing, 86
Diagnostic imaging findings, in English sport horses,

relation to performance and lameness, 24
Diagnostic procedures, advanced, use in the field,

109
Diarrhea

in horses receiving antimicrobials, 438
in neonates, 216

Digestive health, optimal, feeding performance
horses for, 61

Digit, equine, shear forces on, effects of horseshoe
characteristics and surface composition, 259

Disaster preparedness, veterinarian’s role in
emergency management, 1

Distal condyles, subchondral cystic lesions, 330
Distal hind limb, musculoskeletal structure and

function, 281
Doppler indices, of equine fetal carotid artery, 135
Dust exposure, low-dust forages and airway

health, 82
Dysphagia, in foals born near unconventional

natural gas development, 301
Dystocia, management, mare and foal survival

following, 146

E
Emergency management, veterinarian’s role, 1
Employees, performance coaching and setting

goals, 269
Endometritis

inflammatory biomarkers in low-volume lavage,
150

persistent breeding-induced, 136
Endoscopy, upper airway

arytenoid chondropathy, 450
epiglottic entrapment, 445
evaluation of nasal discharge, 443
at public auctions, 440
right-sided abnormalities in laryngeal function,
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tie-back surgery, 448

English sport horses, performance and lameness,
diagnostic imaging findings in relation to, 24

Epiglottic entrapment, management of, 445
Equine athletes. See Performance horses
Equine influenza virus (EIV) vaccines, antibody

responses to, 426
Ethical dilemmas, in equine practice, 181
Euthanasia, by firearms, CT assessment of brain

damage, 489
Examinations

abdominal palpation per rectum, 97
neurologic, of foals, 194
pre-purchase, how to avoid problems during and

after, 276
Exercise-induced pulmonary hemorrhage, in barrel

racing horses, 300

F
Farrier science

effect of shoeing on load distribution, 285
pathological shoeing
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using radiographs for, 389
shoeing around coffin joint, 404
therapeutic shoeing concepts, 293

Fecal microbiome, alterations in, 438
Fetlocks, racehorse, standing PET imaging, 328
Fetus

Doppler indices of carotid artery, 135
ultrasonographic biometric measures, 148

Field settings
castrations, CCFA as preoperative antibiotic, 459
consideration of advanced diagnostic procedures,
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interpreting history and exam findings, horses

with acute abdomen, 88
medical management of colic, 115
veterinarian’s role in emergency management, 1

Firearms, euthanasia, CT assessment of brain
damage, 489

Foal-heat breeding options, 138
Foals

critically ill, hormones in, 208
diarrhea in neonates, 216
dystocia management, survival following, 146
genetic testing, 202
iodine levels, 152
neonatal dysphagia, 301
neurologic examination, 194
rhodococcal pneumonia, protection against, 428

Focused Assessment with Sonography in Trauma
(FAST), how to perform, 102
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dietary support of immune system, performance

horses, 75
feeding overweight performance horses, 55
feeding performance horses with myopathies, 66
low-dust forages and airway health, 82
optimal digestive health, performance horses,

61
PRLMs, role in resolution of equine asthma, 84
selecting concentrates for performance horses,

50
selecting forages for equine athletes, 45

Foot conformation, how to evaluate, 285
Foot-related lameness, how to recognize, 413
Forages

low-dust, effects on airway health, racehorses,
82

for performance horses
feeding for optimal digestive health, 61
how to select, 45

Force, movement asymmetry and, link between,
288

Four-principles approach, resolving ethical
dilemmas, 181

Fourth branchial arch defects, 452

Fractures, in racehorses
complete tibial fractures, 462
radiographic findings, 18

G
Gastric juice pH, effects of supplements containing

turmeric and devil’s claw on, 86
Gastric ulcer sores, effects of supplements

containing turmeric and devil’s claw on, 86
Gastric ulceration, phenylbutazone-induced,

treatment with omeprazole, 322
Gastrointestinal failure, diarrhea in neonates, 216
Genetic testing, in foals, 202
Genomic loci, associated with kissing spines, 240
Growth plate closure, of lumbosacral vertebrae in

Quarter Horses, 461

H
Hemagglutin inhibition (HI) antibody responses, to

equine influenza vaccines, 426
Hind limb, distal, musculoskeletal structure and

function, 281
Hoof lameness

deep digital flexor tenotomies, 398
foot conformation and effect of shoeing on load

distribution, 285
link between force and movement asymmetry,

288
musculoskeletal structure and function of distal

hind limb, 281
pathological shoeing, 389, 416
recognizing foot-related lameness, 413
shoeing around coffin joint, 404
therapeutic shoeing, 293

Hormones, in critically ill foals, 208
Horseshoes, characteristics and surface

composition, effects on shear forces on equine
digit, 259

Hospital design, techniques for controlling
infectious disease, 188

Hurricanes, veterinarian’s role in emergency
management, 1

Hyperimmune plasma (HIP), protection against
rhodococcal pneumonia

anti-PNAG titers, 428
transfusion with 2 L vs. 1 L, 430

I
Imaging findings, lameness and

correlation of imaging to prognosis and
rehabilitation, 30

in English sport horses, 24
radiographic findings in racehorses, 18
in Western sport horses, 39

Imaging techniques. See Computed tomography;
Magnetic resonance imaging; Positron
emission tomography; Radiography;
Ultrasonography

2020 � Vol. 66 � AAEP PROCEEDINGS 499

SUBJECT INDEX
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Implant, absorbable, surgical management of
subchondral cystic lesions, 457

Infectious diseases
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Inflammatory biomarkers, in low-volume lavage of

mares with endometritis, 150
Influenza, equine, antibody responses to vaccines,

426
Injury

catastrophic, association of mRNA biomarkers
with, 260

fractures, in racehorses
complete tibial fractures, 462
radiographic findings, 18

Interleukin-6, as biomarker for ascending
placentitis, 134

Iodine levels, in broodmares and foals, 152
Ivermectin, for antihelminthic treatment, 491

J
Joint disease, bone marrow mononuclear cell

therapy, 226
Joint homeostasis, effects of bone marrow

mononuclear cells, 224
Joint pathology, how to perform standing needle

arthroscopy, 479

K
Kissing spines, genomic loci associated with, 240

L
Lameness

hoof lameness
deep digital flexor tenotomies, 398

foot conformation and effect of shoeing on load
distribution, 285

link between force and movement asymmetry,
288

musculoskeletal structure and function of distal
hind limb, 281

pathological shoeing, 389, 416
recognizing foot-related lameness, 413
shoeing around coffin joint, 404
therapeutic shoeing, 293
imaging findings and
correlation of imaging to prognosis and

rehabilitation, 30
in English sport horses, 24
radiographic findings in racehorses, 18
in Western sport horses, 39
osteoarthritis treatment with Biota orientalis,

455
postural stability and paraspinal muscle

adaptation, 242
surgical management of subchondral cystic

lesions, 457
Laminitis

deep digital flexor tenotomies, 243
management of pain associated with, 243

Laryngeal function, right-sided abnormalities, 452
Laser therapy, effect on healing of equine

suspensory branch, 343
Lavage

low-volume, of mares with endometritis,
inflammatory biomarkers in, 150

one-hour post-breeding, pregnancy rates in
mares bred with frozen semen and, 130

Legal issues
cannabis products, 272
contract negotiations, 265

Lesions
subchondral cystic lesions
of distal condyles, racing performance identified

with, 330
of medial femoral condyle, surgical management,

457
suspensory branch, high-power laser therapy,

343
Loan repayment programs and strategies, 166
Lumbosacral vertebrae, anatomy and growth plate

closure, 461
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Magnetic resonance imaging (MRI), findings
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vs. radiographic findings, in proximal
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inflammatory biomarkers in low-volume lavage,
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Medication control, approaches for, 373
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Mineral supplementation, with blocks, iodine

levels and, 152
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Moxidectin, for antihelminthic treatment, 491
MRI. See Magnetic resonance imaging
Musculoskeletal pain, ridden horse pain ethogram
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Musculoskeletal structure and function, distal

hind limb, 281
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N
Nasal discharge, endoscopic evaluation of, 443
Nasal secretions, POC PCR assay for detection of

S. equi in, 436
Natural gas development, unconventional,

dysphagia in foals born near, 301
Needle arthroscopy, standing, how to perform, 479
Negotiations, contracts seen in practice, 265
Neonatal foals

critically ill, hormones in, 208
diarrhea, 216
dysphagia, 301
genetic testing, 202
neorologic examination, 194
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Neurodegenerative diseases, pNfH as a biomarker
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Nuclear scintigraphy, prognosis, rehabilitation,

and return to work, 30
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horses, 75

feeding overweight performance horses, 55
feeding performance horses with myopathies, 66
low-dust forages and airway health, 82
mineral supplementation, with blocks, iodine

levels and, 152
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claw, 86
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back pain, in horses, how to manage, 232
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Pain management, state-of-the-art review, 153
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treatment, 491
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Performance-enhancing drugs, 373
Performance horses

dietary support of immune system, 75
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how to select a concentrate for, 50
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imaging findings and lameness, 24
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responsible use of medication in, 379
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biomarker for neurodegenerative diseases,
320
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Placentitis, ascending, interleukin-6 as biomarker
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Plasma, platelet-rich vs. platelet-poor, for
persistent breeding-induced endometritis,
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as disease-modifying osteoarthritis therapy, 228
treatment of infectious arthritis, 230
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Pneumonia, R. equi, protection against

correlation of anti-PNAG titers with, 428
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Positron emission tomography (PET), standing
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staying safe and comfortable, 360

veterinary-specific risks, 364

Pro-resolving lipid mediators (PRLMs), role in
resolution of equine asthma, 84
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Proinflammatory response, to antihelminthic

therapy, 491

Pulmonary hemorrhage, exercise-induced, in
barrel racing horses, 300

Q
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genomic loci associated with kissing spines, 240
lumbosacral vertebral anatomy and growth plate

closure, 461

R
Racehorses

airway health, effects of low-dust forages, 82
association of mRNA biomarkers with

catastrophic injuries, 260
fractures
complete tibial fractures, 462
radiographic findings, 18
medication control, approaches for, 373
medications, overview of, 368
racing safety, role of veterinarian, 383
responsible use of medication in, 379
standing PET imaging of fetlock, 328
yearlings, subchondral cystic lesions of distal
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Racing performance, dysphagic foals born near

natural gas development, 301
Radiography

findings
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for pathological shoeing, 389
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anesthesia and, pathophysiology of, 153
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horse, 466
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management, 146
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correlation of imaging to, 30
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adaptation, 242
Respiratory disease

airway health, effects of low-dust forages, 82
asthma
in barrel racing horses, 300
dietary pro-resolving lipid mediators for, 84
inhaled ciclesonide for, 298
low-dust forages and, 82
equine influenza, antibody responses to vaccines,
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pneumonia, R. equi, protection against
correlation of anti-PNAG titers with, 428
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barrel racing horses, 300
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effect on load distribution, 285
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Sport horses, imaging findings and lameness, 24
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Standing horses
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PET imaging of racehorse fetlock, 328
Staphylococcus aureus infectious arthritis, therapy

with platelet-rich plasma lysate, 230
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Strangles, POC PCR assay for detection of S. equi,
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bacterial isolates to, 432
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colic, long-term management following, 124
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field castrations, CCFA as preoperative

antibiotic, 459

management of subchondral cystic lesions, 457
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following, 132
tie-back, clinical indications for, 448

Surveys, Net Promoter Score, 185
Suspensory branch

lesions, high-power laser therapy, 343
pathology, imaging modalities, 30

Synovial structures, standing needle arthroscopy,
479

Synovitis, effect of bone marrow mononuclear cells
on joint homeostasis, 224

T
Tarsus, imaging findings, 18, 39
Tenotomy, deep digital flexor, 398
Theriogenology

comparison of semen extenders, 128
foal-heat breeding options, 138
inflammatory biomarkers in lavage of mares

with endometritis, 150
interleukin-6 as biomarker for placentitis, 134
iodine levels in broodmares and foals, 152
one-hour post-breeding lavage, 130
persistent breeding-induced endometritis, 136
reproductive outcomes following unilateral

ovariectomy, 132
Thoroughbred horses

association of mRNA biomarkers with
catastrophic injuries, 260

racing safety, role of veterinarian, 383
reproductive outcomes following unilateral

ovariectomy, 132
Tibial fractures, complete, in racehorses, 462
Tie-back surgery, clinical indications for, 448
Tornadoes, veterinarian’s role in emergency

management, 1
Transfusions, whole-blood, how to perform, 313
Triage, veterinarian’s role in emergency

management, 1
Trimethoprim/sulfadiazine vs.

trimethoprim/sulfamethoxazole, in vitro
susceptibility of bacterial isolates to, 432

Turmeric, supplements containing, 86

U
Ultrasonography

fetal ultrasonographic biometric measures, 148
findings in ureterolithiasis, 311

Under-run heels, 404
Upper airway endoscopy

arytenoid chondropathy, 450
epiglottic entrapment, 445
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evaluation of nasal discharge, 443
at public auctions, 440
right-sided abnormalities in laryngeal function,
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tie-back surgery, 448
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findings, 311

V
Vaccines, equine influenza, hemagglutin inhibition

antibody responses, 426
Vertebrae, lumbosacral, anatomy and growth plate

closure, 461
Veterinarians

leaving equine practice, 170
loan repayment programs and strategies, 166
role in emergency management, 1
role in Thoroughbred racing safety, 383
staying safe and comfortable during pregnancy,

360
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veterinary-specific risks in practice for pregnant

women, 364

Video endoscopy, at public auctions, 440
Viruses, equine influenza, antibody responses to

vaccines, 426
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Warmbloods, genomic loci associated with kissing
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Weight, feeding overweight performance horses,
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Western sport horses, imaging findings and
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Whole-blood transfusions, how to perform, 313
Wildfires, veterinarian’s role in emergency

management, 1
Workplace environment
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