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From the President’s Desk: AAEP’s global influence 

As I reflect on the past year, I am amazed at how fast it 
has gone by and by all the events at which I not only rep-
resented the AAEP but witnessed the esteem with which 
our association and members are held. Being a small-town 
person who does not like 
crowds, traffic or airports, 
this year has really expanded 
my horizons and, hopefully, 
I have represented the AAEP 
well. I know I gave it my 
best effort.

The January AVMA 
leadership meeting in 
Chicago reinforced that our 
association is truly a leader 
in organized veterinary 
medicine as other associa-
tions seek our council on 
how to improve their group 
and achieve some of what 
we at the AAEP take for 
granted. We have a great association with a clear vision as 
well as an outstanding executive director and staff that 
keep us progressing in the right direction. 

A pair of February meetings in Lexington will prove very 
important for the association. The continuing education 
steering committee met with the facilitation of Dr. Ed 
Kanara to plan our next few years of continuing education 
offerings. CE has been and will continue to be the corner-
stone of the association, and through it we are able to 
impact other areas of the equine industry. 

Meanwhile, the Racing Committee held a strategic 
planning session at which issues affecting the racing 
industry and the equine veterinarian’s role within it were 
actively discussed and reflected upon. With a theme of 
protecting the health and welfare of the horse, the Racing 
Committee developed the AAEP’s Prescription for Racing 
Reform. This 10-point plan announced in July will serve as 
a template for the committee’s work going forward and as 
a catalyst for racing in the future.

In June, the AAEP gathered with the broader equine 
industry at the American Horse Council’s annual meeting 
in Washington, D.C. AAEP members serve in various 
leadership roles within the AHC, which promotes our 
veterinary leaders as advocates for the horse at all levels of 
the industry and within the halls of Congress. We work 

tirelessly with the AHC, the government relations division 
of the AVMA, and others to represent the voice of the 
equine practitioner on important issues, which in 2015 
included legislation or regulation addressing soring of 
walking horses, transportation of horses on double-deck 
trailers, banning of horse processing (slaughter), limita-
tions of horse racing and medications, drug compounding 
rules and a reclassification of veterinary drugs such as 
ketamine. 

International meetings, meanwhile, reaffirmed that equine 
practitioners in the U.S. share many of the same challenges 
as our international counterparts. At the Federation of 
European Equine Veterinary Associations meeting in 
Portugal in May, discussion topics included an oversupply 
of veterinarians, overpopulation of unwanted horses, and 
the importance of secure borders and health monitoring in 
preventing the spread of diseases like equine infectious 
anemia.

At the British Equine Veterinary Association Congress in 
Liverpool, England, in September, these issues were further 
discussed during the international presidents meeting, and 
working groups were established to address some of the 
issues common to Europe and the United Kingdom. 
American and international AAEP members were well rep-
resented on the BEVA program, and I was impressed by 
some new ideas about continuing education approaches.

American and international AAEP members were also 
plentiful on the professional program at October’s World 
Equine Veterinary Association Congress in Guadalajara, 
Mexico. This meeting, hosted by the Mexican Equine 
Veterinary Association (AMMVEE), reasserted to me the 
impact of AAEP members on international continuing 
education and the strong relationship we have with the 
AMMVEE membership.

My year as president culminated in Las Vegas at our 
annual convention. Dr. Kathy Anderson and the 
Educational Programs Committee developed an outstand-
ing educational experience for our membership. I hope 
you enjoyed the meeting and, while there, took an oppor-
tunity to express your thanks to our outstanding staff that 
keeps this organization on the right track.

I personally express my thanks to everyone who has 
helped me make it through this exciting year as your 
president.

By G. Kent Carter, DVM, DACVIM

Dr. G. Kent Carter
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Indulge in a tropical CE experience this winter at which 
you’ll expand both your clinical knowledge and your tan 
by joining colleagues for the AAEP’s 18th Annual Resort 
Symposium in Barbados.

Occurring Jan. 25-27 at the Hilton Barbados in 
Bridgetown, the Resort Symposium couples half-day edu-
cational sessions with optional group excursions to 
explore the natural beauty and landscapes of Barbados. 

However, to discover why Fodor’s Travel ranked Barbados 
among its “15 best beach getaways for 2015,” you’ll need 
to act fast—meeting registration closes Jan. 4.

Absorb diagnostics, treatments and techniques related to 
the emerging growth service area of equine dentistry, as 
well as foal medicine and sport horse lameness. After 
sessions, join with colleagues for a catamaran sail and 
snorkel, island van tour or horseback riding along the East 
Coast of the island.

For additional information or to register for this unique 
CE experience, visit www.aaep.org/info/resort-symposium.

Thanks to IDEXX, Luitpold Animal Health and Merial 
for their sponsorship of the 18th Annual Resort 
Symposium.

Touch Point: Your clients want you to offer more services—really

Treat yourself to midwinter CE in the Caribbean
Register for the AAEP’s Resort Symposium by Jan. 4

18th ANNUAL RESORT SYMPOSIUM118th ANNUAU L RESORTRR SYMYMPOSIUUM

It’s true: AAEP market research 
revealed that 20% of your clients 
would use you more if you offered 
more services. This is extremely 
positive news for equine practice. 

How do you identify the services your clients wish you 
provided?

 Ask your clients. Client satisfaction surveys that are 
sent post-visit or annually can be the tool through 
which you learn what your clients want.

 
Analyze the feedback. Surveys only prove useful 
when someone in the practice is dedicated to 
evaluating the responses. Online survey tools like 
SurveyMonkey are cost effective, tabulate the 
responses for you and make the process simple. The 
human brain trust in the practice will still need to 
determine what the survey data may mean for your 
mix of client services.

To add or not to add, that is the question. If your 
data reveals specific services your clients would like 
you to offer, then a cost-benefit analysis is your next 
step. Offering a new service may require staff 

training, purchasing a new piece of equipment or 
hiring a veterinarian with the required skill set. There 
are simple formulas that can help you determine if 
the benefit in terms of revenue exceeds the cost of 
adding the service to your menu.

The Touch program has the easy-to-use tools you need to 
survey your clients. Visit touch.aaep.org to choose from 
three types of client surveys as well as download step-by-
step instructions for using a survey in your practice. The 
Touch program is exclusively available to AAEP members.

http://www.aaep.org/info/resort-symposium
http://touch.aaep.org
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The AAEP Foundation is 
accepting pre-proposals 
for research projects 
addressing Support Limb 
Laminitis, a condition that 
burdens owners of 
afflicted horses with a 
poor prognosis, expensive 
treatment and significant 
emotional impact.

Accepted one- and multi-year projects will share in total 
grant funding of up to $170,000, thanks in part to funds 
generated from an initial challenge grant from Starlight 
Racing partners in 2014 in memory of their Grade II 
winner Intense Holiday. The three-year-old Thoroughbred 
colt succumbed to laminitis less than six weeks after 
competing in the 2014 Kentucky Derby.

The research project, or proposed portion of a project for 
which funding is requested, must be completed within 
three years. Multi-year projects are invited but cannot 

exceed the total budget allocation. Projects with smaller 
budgets are invited to submit. Major equipment purchases 
will not be funded by the AAEP Foundation.  

The AAEP is sensitive to humane use of horses for 
research and favors clinical studies for laminitis research. 
All prospective research studies funded by the AAEP 
Foundation must receive full approval by the facility’s 
Institutional Animal Care and Use Committee or 
equivalent research review entity.

Complete grant pre-proposal guidelines and instructions 
are available at http://foundation.aaep.org/laminitis-
research-project-i-38.html. 

Pre-proposals must be received by Jan. 15, 2016, at 5:00 
p.m. Invitations for full grant proposals will be issued by 
Feb. 9, 2016. Full grant proposals, upon invitation only, 
must be received by March 15, 2016, at 5:00 p.m. 
Funding of full grants will be announced by May 15, 
2016.

Researchers: Submit Support Limb Laminitis research grant pre-proposals by Jan. 15

’Tis the season for family gatherings and gift giving. If 
you itemize your taxes, ’tis also the season for reducing 
your tax burden while contributing to the greater good of 
the horse with a year-end contribution to the AAEP 
Foundation.

The entirety of your contribution goes directly toward the 
Foundation’s mission to improve the welfare of the horse; 
no portion is used for administrative or fundraising costs. 
With the Foundation’s 501(c)(3) status, gifts are tax 
deductible to the fullest extent allowed by the law.

You may designate your gift for use toward a specific 
priority or leave it unrestricted, in which case it will be 
earmarked to the area of greatest need.

Visit www.aaepfoundation.org to join AAEP members, 
corporate partners and horse owners who have made the 
Foundation a philanthropic priority in 2015. You can 
complete the online donation form, which will be credited 
to the Foundation immediately, or download the simple 

donation form to drop in the mail by Dec. 31. You may 
also contribute by phone at (800) 443-0177 or (859) 
233-0147.

Longer term, “planned” giving options are also available 
through which you can leave a legacy of support by 
including the Foundation in your will or trust, designating 
the Foundation as a beneficiary of an account or giving 
appreciated assets that have been held for more than one 
year and which may have capital gains tax implications. 
The Foundation website offers planning tools, calculators 
and a “Will Planning Wizard” to assist in creation of an 
estate plan. Additional information about estate gifts is 
available from Jodie Bingham, Foundation development 
coordinator, at the phone numbers above.

Stuff a stocking for the horse with a year-end donation to the AAEP Foundation 

http://foundation.aaep.org/laminitis-research-project-i-38.html
http://www.aaepfoundation.org
http://foundation.aaep.org/laminitis-research-project-i-38.html
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In veterinary medicine, both 
clinicians and healthcare staff 
must possess the necessary 
skills and understanding to 
communicate effectively when 
clients are disappointed with 
the outcome of care. In order 
to address this constructively, 
clinicians must understand 
what caused the disappointing 
outcome, how the client feels 
about it, and then respond in a 
timely and empathic manner. 

When the adverse outcome is the result of medical error, 
it requires a particularly thoughtful response on the part 
of the veterinarian, staff, and practice. To be clear, an 
adverse outcome is unanticipated or unexpected harm 
caused by medical care. An example of an adverse 
outcome would be a horse breaking its leg during 
anesthetic recovery. As we know, this is a potential com-
plication of anesthesia that can occur without any 
veterinary error. A veterinary error is failure to complete 
a plan as intended or the use of a wrong plan to achieve 
a clinical result. Examples of a veterinary error would 
include administering the wrong medication or wrong 
dose to a patient. 

Recognizing the concerns around disclosing medical 
errors, the Institute for Healthcare Communication 
developed a model in conjunction with the AVMA PLIT 
to enable veterinarians to identify, appreciate and practice 
techniques that are essential in responding to clients con-
structively when there has been an adverse outcome due 
to error. If you are concerned about an adverse outcome 
that resulted from a veterinary error, contact your 
insurance carrier as soon as possible. 

The model recommended for disclosure discussions is the 
TEAM model:

t through to resolution

Truth, Teamwork, Transparency
If a medical error has happened with a horse in our care, 
it is critically important that the client hear the truth 
about what happened. Clients are entitled to an accurate 
understanding of what happened and its consequences. 
The key to that understanding is the practice’s candid 
investigation to sort through factors until reaching the 

most probable explanation. Veterinarians who willingly 
share relevant information and elicit and answer clients’ 
questions without the client needing to do her own inves-
tigation and come up with the “right questions” foster 
trust. Additionally, the practice team must feel 
empowered to recognize and report problems that could 
potentially compromise patient safety so that the practice 
may take action to correct the problem. Team members 
are most likely to feel that they can do this when the 
practice team has shared values, adopts a non-punitive 
approach to errors, and a commitment to honesty with 
each other and with clients. 

Empathy
Empathy involves the ability to share one’s appreciation 
for the client’s perspective, feelings and experience. When 
clients experience disappointing outcomes related to the 
health of their horse, they may express a range of 
emotions that require effective and sensitive communica-
tion skills by the veterinarian and staff. When the disap-
pointment is related to a medical error, the emotions may 
be heightened.

The veterinarian must be willing to acknowledge and act 
based on an appreciation of the consequences of the error 
to the patient and the client. Rationalization and minimi-
zation can undermine our ability and willingness to 
empathize with the full range of impacts. We should 
appreciate the impact that recognizing and reporting an 
error may have on the staff involved. Their fears, 
heartbreak, perhaps defensiveness and concern for conse-

Ethics: Disclosing medical errors in practice
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Dr. Amanda House

By Amanda M. House, DVM, DACVIM



EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2015 VIIEQUINE VETERINARY EDUCATION / AE / DECEMBER 2015 VII

quences for themselves are all normal and need to be 
acknowledged. Creating a non-punitive approach to 
errors that focuses on understanding and addressing 
latent vulnerabilities to error rather than punishing indi-
viduals is a key to empathizing with staff.

Apology and accountability
When error has caused harm, a sincere and complete 
apology is necessary for resolution. “I am so sorry for the 
error that we made that caused this to happen to Shelby.” 
Studies of apology reveal four critical components:

 
experienced

The client wants to know that some good will come 
from the harm for other patients treated by the practice 
through correcting the procedures that led to the error. In 
order to convince the client that this will happen, the 
practice must demonstrate that it has made its best effort 
to understand what actually happened and its causes and 
is willing to reveal that to the client. Finally, after recog-
nizing the error caused unnecessary harm to the horse 
and the client, an offer to do what one can to “repair” 
the damage and “make the client whole” as much as 
possible is essential to create resolution. 

Management
Each of the steps above serves only as a promise until 
they have been successfully enacted to the client’s satis-
faction. That means managing a number of elements 
through to their final resolution in the client’s mind:

accordance with the client’s wishes. This includes 
honest and sensitive shared decision making about 
treatment options, possibility of transfer to another 
practice, and how costs of care will be handled.

likely to feel taken advantage of if the practice 
appears to be profiting in any way from providing 
care that caused harm or that is in response to harm 
it has caused. Financial responsibility must be sensi-
tively negotiated and a third-party mediator may 
help to establish a standard of fairness if there is dis-
agreement. 

take a number of conversations over an extended 
period of time as new questions, choice points, and 
practical and financial consequences of the error and 
harm become more evident. The practice and veteri-
narian should plan to keep in regular contact with 
the client until full resolution appears to have been 
reached.

obviously have an interest and want to have a say in 
how disclosure and resolution of harm due to error 
is managed. Include your insurance carrier’s claims 
department early on in this process. 

Dr. House is a clinical associate professor at the 
University of Florida College of Veterinary Medicine in 
Gainesville, Fla., and a member of the AAEP’s 
Professional Conduct and Ethics Committee. Please refer 
to the 2014 AAEP Proceedings article, “Breaking the 
Silence: Disclosing Medical Errors” for full acknowledge-
ment, permission, reference list and content.  

Are you a board-certified specialist? If so, make sure you are designated as such in the AAEP’s 2016 
Resource Guide and Membership Directory by reviewing your membership record online.

The 2016 directory will be published in March and include a handy list of members by specialty. To 
view your current information and make necessary updates, simply log in to www.aaep.org and 
click “Go” in the box entitled “Update Member/Get-A-DVM Info.” 

You can also embrace an environmentally friendly option by checking the box to opt out of 
receiving a print copy of the directory in favor of an electronic version. Similar opt-outs are available 
for Equine Veterinary Education and the convention Proceedings. 

Each of these publications is accessible through the AAEP website and the AAEP Publications App. Search “AAEP 
Publications” at the App Store or Google Play to download.

Update your specialties and delivery preferences for 2016 membership directory

http://www.aaep.org
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Present an educational paper during the 2016 Annual Convention

Nominate a distinguished researcher for the 2017 AAEP Milne Lecture
Deadline to nominate is Jan. 29

Nominations from the AAEP membership are being accepted for the 
2017 Frank J. Milne State-of-the-Art Lecture.

The Milne Lecture was created in 1997 to recognize an individual 
with a distinguished career in research and discovery, and who has 
presented and published their findings in a specific area of equine 
health. The lecture is intended to honor the accomplishments of the 
presenter and provide a meaningful learning experience to the AAEP 
membership. The lecture is a perspective on the state-of-the-art in 
the presenter’s area of expertise.

The award recipient will be determined by a subcommittee of the 
AAEP Educational Programs Committee in February 2016 and will 
then be presented to the board of directors for approval. The 
selected individual will deliver their lecture and receive their award 
at the AAEP’s 2017 Annual Convention in San Antonio, Texas.

Nominees should be an expert in their field with a track record of accomplishment and the ability to relate the topic to 
the audience. A nomination form must be completed and include qualifications and accomplishments of the nominee. 

A Milne Lecture nomination form may be requested from Carey Ross, scientific publications coordinator, at cross@aaep.
org, and must be returned to her by Jan. 29, 2016.

Dr. John Madigan delivers the 2014 Milne Lecture 
“Gumshoe Sleuthing in the World of Infectious 
Disease and Neonatology: Discoveries That 
Changed Equine and Human Health.”

AAEP members and others are invited to submit papers 
for consideration for presentation during the 62nd AAEP 
Annual Convention in Orlando, Fla., Dec. 3-7, 2016.

Eligible for consideration are scientific papers, “how-to” 
papers, review papers, abstracts ≤ 250 words and The 
Business of Practice papers. 

All papers must be submitted by March 15, 2016, 3:00 
p.m. ET at http://aaep2016.abstractcentral.com. Authors 
should visit the site in advance to set up a profile and 
provide paper and author information before uploading 
the paper when it is finished. Complete considerations and 
ethical guidelines are available in the Instructions for 
Authors available on the site. 

As an aid to private practitioners, first-time authors or 
members seeking guidance with their submission, AAEP 
offers a mentorship program in which experienced 
presenters are available to provide advice and direction. 

However, mentors are not responsible for re-writing or 
selecting material. A list of available mentors can be found 
at www.aaep.org/info/mentors-for-authors. For additional 
information, contact Carey Ross, scientific publications 
coordinator, at cross@aaep.org. 

http://aaep2016.abstractcentral.com
http://www.aaep.org/info/mentors-for-authors
mailto:cross@aaep.org


The AAEP provides practical CE in multiple learning formats for professional growth and practice  

success. AAEP CE connects you with relevant take-home knowledge; new diagnostics and treat-
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AAEP Educational Partner Profile: Purina 

Purina products are best in class and include the No. 1 veterinarian-recommended Equine Senior® horse feed, Strategy® 
horse feed that’s been fed over 1 billion times and Omolene #200® Performance horse feed, the top-selling sweet feed 
in the U.S. All Purina feeds are backed by the industry-leading quality assurance program known as the FeedGuard® 
Nutrition System, which includes strict ingredient standards, NIR testing and constant nutrition formulation for 
accurate nutrition in every bag.

Purina offers unique solutions to support veterinarians and their clients 
with special needs horses. The WellSolve® line of feeds offers nutritional 
solutions for horses with metabolic syndrome and obesity. The WellSolve 
line also includes WellSolve Wel-Gel®, a first of its kind enteral diet designed 

to assist horses that are clinically ill and/or recovering from surgery. This unique product is available only to the equine 
veterinarian through MWI Veterinary Supply, Patterson Veterinary and Henry Schein Animal Health distributors.

In addition, Purina hosts the Purina Equine Veterinary Conference each year. The 2016 event will be held October 
7-9 in St. Louis, Mo. Top clinicians, practice managers and nutritionists will provide the latest information in their 
respective fields. Practitioners interested in this RACE-accredited program should contact their local Purina® feed sales 
specialist for more information.

For more information on Purina Animal Nutrition or Purina horse feeds, visit purinamills.com/horse-feed or call  
(800) 227-8941.

The AAEP welcomes new members and congratulates recent graduates

New Members:

Jennifer L. Bouma, VMD, Rochester, NY
Tamara Dobbie, DVM, Kennett Square, PA
T.K. Epperson, DVM, Yukon, OK
Karl Hoopes, DVM, Cove, UT
Laurie Jackowiak, DVM, Alpena, MI
Lori H. Johnstone, DVM, Yucaipa, CA
Paulina M. Landsberg, DVM, Warszawa,  

Mazowiecuie, Poland
Stephanie Lewis, DVM, Rangiora, Canterbury,  

New Zealand
Jorge Llort Gene, DVM, Valencia Estado Carabobo, 

Venezuela
Zoe Manning, DVM, Picola, VIC, Australia
Latricia Meeks, DVM, Dakota, MN
Dana Miller, DVM, Atkinson, IL
Craig Moore, DVM, Choteau, MT
Carolina Duggan Nudemberg, DVM, Stephenville, TX
Edward O’Flynn, DVM MVB MRCVS, Co. Galway, 

Ireland
Elizabeth O’Flynn, DVM, Co. Galway, Ireland
Robert B. Perce, DVM, Bosque, NM 
Sylvie Plamondon, DVM, St-Tite, QC, Canada
Margriet Visser, DVM, Honserlersdijk, Netherlands

Recent graduates:

Zachary Matthew Badura, DVM, St. Paul, NE
Michele Bilodeau, DVM, Weatherford, TX
Brooke Eckermann, DVM, Brenham, TX
Noah Elias Grimes, DVM, Elgin, TX
Jessica Elaine Jones, DVM, Fyffe, AL
Charlotte MacDonald, DVM, Kingston, ON, Canada
Laura Michelle Norland, DVM, Ocala, FL
Laura Olenski, DVM, Sauk City, WI
Allison Prokop, DVM, Knoxville, TN
Stefani Ratcliffe, DVM, Guthrie, OK
Caitlyn Redding, DVM, Raleigh, NC 
Katherine Shull, DVM, Columbus, OH
Natalie Stephens, DVM, Micanopy, FL
Paola Natasha Wessinger, DVM, Three Forks, MT

http://www.purinamills.com/horse-feed
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Thoroughbreds are acclaimed 
for their racing prowess, but 
their value and utility are 
measurable by more than just 
a stopwatch. In fact, off-the-

track Thoroughbreds have competed successfully in the 
upper echelons of the Olympic equestrian disciplines and 
make a willing and excellent partner for virtually any task.

Celebrating and promoting the breed’s versatility is the 
essence of the Thoroughbred Makeover and National 
Symposium, the third annual edition of which was held at 
the Kentucky Horse Park in late October. The event, 
hosted by the Retired Racehorse Project, was among the 
slate of projects and programs supported by grant funding 
from the AAEP Foundation in 2015. 

“With close to 25,000 Thoroughbreds being born annually 
and 20,000 retiring from racing, non-profit placement 
organizations lack the capacity to handle these horses on 
their own,” said Steuart Pittman, president of the Retired 
Racehorse Project. “They need an active army of trainers 
and sellers providing the bridge to second careers and a 
vibrant market of equestrians who favor ex-racehorses and 
understand the nature of their past injuries. 

“The Thoroughbred Makeover engages the whole horse 
industry in this effort rather than limiting the work to 
rescue facilities.”

Over the course of three days, 171 Thoroughbred ex-race-
horses from as far away as Great Britain that had been in 
second-career training between six and nine months 
displayed their prowess in one or more of 10 different dis-
ciplines. The winner of each discipline earned prize money, 
and one participant—eight-year-old Canadian-bred mare 
Soar—received overall top honors as America’s Most 
Wanted Thoroughbred and reaped the lion’s share of total 
prize money.

Of the 171 competitors, 65 were listed for sale in the 
event’s “marketplace,” an outlet for trainers to sell their 

transitioning Thoroughbreds and acquire funds to provide 
the same opportunity to more racing Thoroughbreds. The 
top price paid was $20,000, and the average list price was 
$12,700.

Beyond the 171 success stories represented in the ring, the 
Thoroughbred Makeover offered educational seminars and 
networking opportunities to promote knowledge and inter-
discipline connections among the estimated 1,500 
horsemen and horse enthusiasts in attendance from the 
racing and equestrian sides of the industry. Seminars ran 
the gamut from selecting prospects and reviewing the 
relevance of common findings in pre-purchase exams to 
discussing retraining methods and managing an aftercare 
organization.

By promoting and showcasing the Thoroughbred’s natural 
athleticism and adaptability, the Thoroughbred Makeover 
and National Symposium is kindling a secondary market 
for Thoroughbred racehorses that otherwise might be at 
risk of falling into the unwanted category at the conclusion 
of their racing careers. 

Foundation grant helps Thoroughbreds put best foot forward
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An off-the-track Thoroughbred competes in the Working 
Ranch division during the Thoroughbred Makeover.

The Unwanted Horse Veterinary Relief Campaign is con-
verting from a semiannual to an annual program centered 
on the spring vaccination season beginning in 2016. 

Generously supported in partnership with the AAEP by 
Merck Animal Health, the UHVRC will provide 3,200 
doses of core vaccines to 501(c)(3) equine rescue and reha-
bilitation facilities in the spring, the same amount as 

provided in all of 2015. The 2016 deadline to apply for 
complimentary vaccines is Feb. 1. 

Equine facilities must coordinate their UHVRC application 
with an AAEP-member veterinarian and must adhere to the 
AAEP’s Care Guidelines for Equine Rescue and Retirement 
Facilities. Visit www.uhvrc.org to download an application, 
view the guidelines or learn more about the program.

UHVRC to donate vaccinations once per year

http://www.uhvrc.org
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AAEP Meetings and Continuing Education

For more information, contact the AAEP office at (859) 233-0147 or (800) 443-0177 or online at  www.aaep.org. 

Membership Benefits

Embrace volunteer opportunities to serve the profession and industry

“One of the most important AAEP member benefits is my opportunity to volunteer as one of 
the voices and leaders for the health and welfare of the horse. Many of us can serve as a 
speaker at special events, as a mentor to an equine veterinary student or assist with one of the 
AAEP’s many owner education programs. Moreover, I am proud to be an AAEP member who 
can enhance and influence the professional development of my veterinary colleagues and 
aspiring veterinary students. Thank you AAEP!” —Rachel Cezar, DVM, Waldorf, Md.

Do you want to contribute to your profession in meaningful ways beyond your daily practice? 
If so, the AAEP wants to hear from you.

A broad and diverse network of member volunteers is critical to fulfilling the AAEP’s mission 
to improve the health and welfare of the horse, further the professional development of its 
members and provide resources and leadership for the benefit of the equine industry.

Regardless of whether your volunteer interests lie in traditional board, committee and task force assignments or in 
more targeted opportunities such as new member ambassador or Ask the Vet expert, a completed volunteer interest 
form is necessary for consideration. When volunteer positions become available, the Leadership Development 
Committee queries the database of potential volunteers to identify candidates who match the desired training, 
experience and attributes.

To complete the form and become eligible for volunteer service, just log in to www.aaep.org and select “Go” in the box 
titled Volunteer Interest Form.

Dr. Rachel Cezar 

No matter where you read Equine Veterinary Education, there’s an app for 
that! The AAEP Publications app enables you to read EVE, the Annual 
Convention Proceedings and the membership directory from the convenience 
of your tablet or smartphone. Simply use your AAEP website login to access 
all issues of EVE since January 2014 as well as the Annual Convention 
Proceedings and membership directory. Download it from the App Store or 
Google Play by searching “AAEP Publications.”

Read EVE on your smartphone or tablet

January 25-27, 2016

18th Annual Resort 

Symposium

Hilton Barbados
Bridgetown, Barbados

June 19-22, 2016

360° Pain in the Neck –  

What’s the Story from 

Anatomy to Treatment

Fort Collins, Colorado

July 25-27, 2016

Focus on the Breeding Shed

New Orleans, Louisiana
 

July 25-27, 2016

Focus on Soft Tissue 
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Performance Horse

New Orleans, Louisiana 
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Research shows preventive veterinary care—including proper nutrition, 

deworming, dental care and vaccinations—can improve a horse’s long-term 

wellness and influence the rate of serious medical conditions such as colic. 

eQCO Coverage™ combines veterinary wellness services with the right 

nutrition for a healthier horse.

eQCO Coverage™ Provides Up to $10,000 for Colic Surgery Reimbursement

C O V E R A G E

Preventive Medicine + Powerful Nutrition

Visit PlatinumPerformance.com/EQCOCoverage, or call 866-553-2400 for more information about how your clients can enroll.

eQCO Coverage™

INTRODUCING

http://www.PlatinumPerformance.com/


Animal Health International, Inc., was recently acquired by Patterson Veterinary’s parent company, 
Patterson Companies, creating one of the best and largest animal health companies worldwide. 

We look forward to continuing to serve you, now operating under one company!

Visit us at the Patterson Veterinary Booth 5433.
PATTERSONVET.COM | 800.279.6452

Working Together
Animal Health International and Patterson Veterinary

16PVE0010 (9/15)

http://www.PATTERSONVET.COM


Highlights of recent clinically relevant papers

.Ultrasound and ascarid burdens

In this study, Martin Nielson and colleagues in the USA
evaluated an ultrasonographic scoring method for
transabdominal monitoring of ascarid burdens in foals.

High ascarid burdens can lead to impaction and
adversely affect foal welfare, leading to costly interventions.
The aims of this study were to develop a technique for
quantifying ascarid burdens in foals and use this in a
treatment study and cost-benefit analysis.

Using a portable ultrasound machine and convex probe,
the scan focused on 3 regions; immediately caudal to the
xiphoid, halfway between the xiphoid and umbilicus and
immediately cranial to the umbilicus. The left parainguinal
region was also examined if no small intestine had been
visualised in the first 3 locations. The number of ascarid worms
visualised was assigned a score from none (score 1) to more
than 3 sections of worm cuticle seen in less than 5 cm (score 4).
The quality of the assessment was also scored from A to F
based on the amount of small intestine visualised on scan.
Over 80% of examinations resulted in useful images with scores
of C or above. Ultrasound examinations were repeated every
2 weeks until the end of the study. Every month one foal was
euthanased and all stages of Parascaris worms counted. The
technique was able to reliably identify burdens of more than 10
ascarid worms. The ultrasound scores were found to change in
line with faecal counts, both peaking at around 5 months.
Between 5 and 7 months, faecal egg counts reduced to zero;
however, ascarid burdens were still visualised on
ultrasonography, supported by the presence of worms in the
intestines of several foals of this age at necropsy.

A treatment trial was conducted in parallel: foals were
randomly assigned to one of 3 treatment groups:
oxibendazole, ivermection and no treatment. A significant
reduction in ascarid burdens identified by ultrasonographic
scoring was found from Day 3 to 5, and there was a significant
reduction in faecal ascarid counts. There was no difference
in post treatment ultrasound scores between the different
groups. Within this foal population, the ultrasonographic
method was cost-effective when the prevalence rate
of ascarid impactions was less than 5%. This scoring system
using a straightforward, quick and potentially cost-effective
ultrasonographic technique can be used to reliably detect
clinically significant ascarid burdens.

Serum thymidine kinase as a lymphoma marker

S. Larsdotter and colleagues in Sweden have recently
evaluated the clinical use of serum thymidine kinase (sTK) as
a biomarker for lymphoma in horses.

Serum thymidine kinase activity is a tumour marker used
as a prognostic indicator for lymphoma in humans, dogs and
cats. In this study the authors evaluated the clinical use of sTK
as a biomarker for lymphoma in horses.

Serum samples were collected from 37 clinically normal
horses, 23 horses with lymphoma, 9 horses with non-
haematopoietic neoplasia and 14 horses with inflammatory
disease. A radioenzyme assay was used to measure sTK. Data
from clinically normal horses were used to establish a reference
cut-off value of <2.7 u/l (mean +2 standard deviations, SDs). sTK

activity (mean � SD) was 26.3 � 91.5 u/l (range 0.8–443 u/l) for
horses with lymphoma, 2.3 � 1.4 u/l (range 0.6–5.7 u/l) for
horses with non-haematopoietic neoplasia and 1.5 � 0.6 u/l
(range 0.6–2.8 u/l) for horses with inflammatory disease. Horses
with lymphoma had significantly higher sTK activity than horses
without clinical signs of disease, horses with inflammatory
disease and horses with non- haematopoietic neoplasia. These
findings show that sTK activity is a potentially useful biomarker
for equine lymphoma.

Atypical myopathy testing

This study by M. Bochnia and colleagues in Germany
investigated the connection between hypoglycin A (HGA)
occurrence in blood and urine and atypical myopathy
disease outbreak.

Hypoglycin A in seeds of Acer spp. is suspected to cause
the fatal disease known as seasonal pasture myopathy in
North America and equine atypical myopathy (AM) in
Europe. Previous studies have correlated seed HGA content
with the concentrations of toxic metabolites in urine and
serum (MCPA-conjugates) of affected horses. Seed sampling
was conducted after outbreak of the disease.

This study aimed to confirm the connection between HGA
occurrence and disease outbreak by seed sampling during
an outbreak; also the determination of HGA in seeds and of
HGA and MCPA-conjugates in urine and serum of diseased
horses. Cograzing healthy horses, present on AM affected
pastures, were also investigated. Atypical myopathy pastures
in Germany were visited to identify seeds of Acer
pseudoplatanus, and serum and urine from diseased horses
were analysed for amino acid composition by LC-ESI-MS/MS,
focusing on the content of HGA. Also, the content of its toxic
metabolite was measured in its conjugated form in body
fluids (UPLC-MS/MS). The seeds contained 1.7–319.8 lg HGA/g
seed. The content of HGA in serum of affected horses ranged
from 387.8–8493.8 lg/l (controls <10 lg/l), and in urine from
143.8–926.4 lg/l (controls <10 lg/l), respectively. Healthy
cograzing horses on AM-pastures showed higher serum
(108.8 � 83.76 lg/l) and urine concentrations (26.9 � 7.39 lg/l)
than control horses, but lower concentrations than diseased
horses. The range of MCPA-carnitine and creatinine
concentrations found in diseased horses in serum and urine
were 0.17–0.65 mmol/l (controls <0.01), and 0.34–2.05 lmol/
mmol (controls<0.001), respectively. MCPA-glycine levels in
urine of cograzing horses were higher than controls. Thus, the
causal link between HGA intoxication and disease outbreak
could be further substantiated, and the early detection of
HGA in cograzing horses, which are clinically normal, might be
a promising step in prophylaxis.

Gastrointestinal microbiota

In this study, M. C. Costa and colleagues in Canada
characterised and compared the bacterial microbiota in
different gastrointestinal tract compartments in horses.

New sequencing technologies have enabled more
comprehensive characterisation of complex microbial
communities, including those in the intestinal tract. Extreme

© 2015 EVJ Ltd
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environmental filters, such as low pH, digestive enzymes and
anaerobic conditions along the tract, act on the selection of
unique bacteria in each compartment. Intestinal microbiota
are important to maintain health. There is currently very little
data about the bacteria present in the different intestinal
compartments of horses. In this study, high throughput
sequencing was used to characterise and compare bacterial
profiles from different intestinal compartments of 11 horses
scheduled for euthanasia for reasons other than
gastrointestinal problems. Marked differences among
compartments even at high taxonomic levels were found, with
Firmicutes comprising the main bacterial phylum in all
compartments. Lactobacillus spp. and Sarcina spp.
predominated in the stomach and a marked increase of
Streptococcus spp. occurred in the duodenum. Actinobacillus
and Clostridium sensu stricto were the most abundant genera
in the ileum and ‘5 genus incertae sedis was the most
abundant from the large colon through faeces. There was an
increase in diversity towards the distal gut with similar profiles
from the caecum through faeces at the class level. The
bacterial population in the equine intestinal tract varies greatly
among compartments. Faecal samples may be useful to
detect changes occurring in the distal compartments.

Role of EHV in idiopathic keratoconjunctivitis

The aims of this study by S. R. Hollingsworth and colleagues in
the USA were to determine the role of equine herpesvirus
(EHV) in idiopathic keratoconjunctivitis (IKC) in horses and to
determine whether sample collection method affects
detection of EHV DNA by quantitative polymerase chain
reaction (qPCR).

Conjunctival swabs, corneal scrapings and conjunctival
biopsies were collected from 18 horses: 12 with IKC and
6 euthanased controls. Samples were tested with qPCR for
EHV-1, EHV-2, EHV-4 and EHV-5 DNA. Quantity of EHV DNA
and viral replicative activity were compared between the 2
populations and among sampling techniques; relative
sensitivities of the sampling techniques were determined.

Prevalence of EHV DNA as assessed by qPCR did not
differ significantly between control horses and those with IKC.
Sampling by conjunctival swab was more likely to yield viral
DNA as assessed by qPCR than was conjunctival biopsy. EHV-
1 and EHV-4 DNA were not detected in either normal or IKC-
affected horses; EHV-2 DNA was detected in 2 of 12 affected
horses but not in normal horses. EHV-5 DNA was commonly
found in ophthalmically normal horses and horses with IKC.

Sampling by qPCR was not useful for the aetiological
diagnosis of equine keratoconjunctivitis because EHV-5 DNA
was commonly found in control horses and horses with IKC.
Conjunctival swabs were significantly better at obtaining viral
DNA samples than conjunctival biopsy in horses in which
EHV-5 DNA was found.

Risk factors for post anaesthetic colic

This retrospective observational study by Rachel Jago and
colleagues in the UK aimed to characterise the incidence
and risk factors for post operative complications, including
colic, using a standardised anaesthetic protocol on a
predominantly racing Thoroughbred population.

Clinical records from 1021 horses undergoing 1067 surgical
procedures (both elective and emergency surgeries) under

general anaesthesia at one referral centre were analysed. Post
operative complications occurring within a 7-day period of
general anaesthesia were recorded. Horses that died or were
subjected to euthanasia after this period, for reasons related
to complications which had first occurred within the 7-day
period, were included in incidence of post anaesthetic
complications. The mortality rate in this study was 0.94%,
too small to be able to identify risk factors specific for mortality.

Post anaesthetic complications developed in 169 horses
(15.8%). Gastrointestinal complications accounted for 50% of
all complications in the study, with the overall risk of post
anaesthetic colic being 10.5%. Thoroughbreds had an
increase in the risk of gastrointestinal complications (colic,
reduced faecal output and colitis) compared with non-
Thoroughbreds. The majority of colic cases (80.2%) occurred
on the day of or after surgery; 67.6% responded to one dose
of phenylbutazone and electrolyte and liquid paraffin
solutions given via nasogastric tube. The majority of the
remaining cases were diagnosed with pelvic flexure
impaction or dry faecal material in the small colon and
rectum, with a small number of other causes.

Of the 29 risk factors analysed in the study, those which
significantly affected the risk of post anaesthetic colic were
breed, peri-operative antimicrobials and use of butorphanol.
The use of sodium benzyl penicillin was associated with
significantly increased risk of colic compared with other
antimicrobials, a finding that warrants further investigation.
Use of butorphanol was associated with a lower risk of post
anaesthetic colic; however, the dose range used was not
included as part of the analysis, so again further investigation
is warranted. Gastrointestinal complications accounted for
50% of post anaesthetic complications in this study, with a
significantly increased risk in Thoroughbreds compared with
other breeds, and when sodium benzyl penicillin was used as
antimicrobial cover. The use of butorphanol peri-operatively
appeared to reduce the risk.

S. WRIGHT
EVE Editorial Office
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Editorial

Does significant gastrointestinal disease begin at the cardia and
end at the pylorus?

.In the early 20th century, gastric ulceration in horses (EGUD)
was identified only at post mortem examination and little or
no significance was attributed to the condition. In any case,
there was a recognition that both squamous and glandular
ulcers (now termed ESGUS and EGGUS, respectively) were
rare findings. Over the early years of the 21st century,
increasing attention has been paid to the clinical relevance
of this group of clinical conditions, culminating in an
extensive consensus document from the European College of
Equine Internal Medicine (ECEIA) (Anon 2015). Amongst
trainers and veterinarians working in equine practice, this
broad category of disease has become an almost daily
concern. The advent of the ‘long’ gastroscope has opened
the Pandora’s box of the gastric ulceration syndrome in
horses in general and although almost all horses maintained
under artificial management systems appear to be at risk, the
overall prevalence of EGUD reaches over 80–90% in
Thoroughbred racehorses. Up to 37% of resting horses have
some form of ulceration but the really interesting aspect is the
fact that soon after horses are brought into working stables,
the prevalence rises from zero or low to between 80 and
100% (Vatistas et al. 1999). Standardbred racehorses, show/
sport, pleasure and endurance horses are significantly
affected within days/weeks when they are stabled ready for
work. Indeed, it would seem that the simple act of bringing
horses into stables from pasture and adding concentrate
feeds to their diets, results in rapid onset of gastric ulceration
(Andrews et al. 2014), possibly even within a few days
(Murray et al. 1989). In most disciplines it would seem that
elite performance horses are most severely affected
(Luthersson et al. 2009). In a study of brood mares kept on
pasture there was a relatively high equine squamous gastric
disease (ESGD) prevalence of ~67% in pregnant and ~76% in
nonpregnant mares (le Jeune et al. 2009). Horses that rarely
compete and are predominantly used in their home
environment have the lowest reported ESGD prevalence of
11% (Chameroy et al. 2006).

The aetiology of this remarkably prevalent pathological
condition, which appears to result in clinically significant
events, has provided the most controversy. A recent study in
racing Thoroughbred horses in Ireland compared the
sustained use of a proton pump blocking drug (omeprazole)
with the sustained use of a dietary supplement (Kerbyson
et al. 2014a). This study confirmed that omeprazole resulted,
as might be expected, in a significant reduction in overall
gastric ulceration scores over the first 30–60 days. However,
within this time, most horses did not ‘cure’ in either group and
few horses moved from higher scores to zero ulcers than
would be expected if the condition was simply a result of
gastric acidity and nothing else, assuming of course that the
omeprazole was effective. In fact, many horses had persistent
gastric ulceration of some degree throughout the process of
the trial in spite of sustained omeprazole administration.
Furthermore, at the 90 day stage, there was no significant
difference between the 2 groups. The implication from this is
that there may be something else involved here. Additional

questions which arise related to this are ‘Is there any clinically
significant pathology distal to the pylorus that results from the
same as yet ill-defined aetiology as gastric ulceration?’ and
‘Are there any downstream effects of sustained omeprazole
administration?’

Out of 106 papers listed in the ECEIM consensus
document, a very small proportion relate to the actual cause
of the syndrome and the blind faith that the condition is
solely and completely a result of gastric acidity has fuelled a
whole industry of endoscopy clinics and more or less
permanent medication for horses ranging from the elite
performer to the pleasure pony. Since 1984, significantly the
year when gastroduodenoscopy was first described in horses
(Brown et al. 1984), the gastric ulceration ‘roller coaster’ has
been gathering speed. The use of H2 blockers such as
cimetidine and ranitidine, sucralfate and antacids such as
aluminium hydroxide and then the proton pump drugs such
as omperazole have been marketed aggressively. Their
efficacy is not in doubt and the immediate clinical effects of
omeprazole is dramatic in reducing gastric acidity (Andrews
et al. 1999) but the concept that horses require to be
maintained indefinitely on the drugs in order to perform
adequately adds a considerable ethical dilemma. There is
perhaps no commercial imperative to establish the true
nature of the disease and thereby focus on preventative
measures. Indeed, the commercial imperative suggests that
gastroscopy and medication are now a normal part of horse
management requirements, not only for the elite but also for
pleasure and even sedentary horses. Many racehorses are
regularly scoped and medication maintained at levels that
result in a reduction in gastric ulcerations scores. The more
significant question has to be ‘How can we manage our elite
and other horses so that they require no medication?’ Once
we get to that position we will surely begin to bring significant
welfare improvements to our horses.

How is it possible that we recognise a ‘significant
pathology’ and find ourselves in a position when the only
way we can control the clinical events and the resulting
clinically significant syndromes is by sustained administration
of a drug that requires a withdrawal prior to any
performance related events. Surely, there is something wrong
in the ethical issues here. We need to address the causes of
disease and reduce our emphasis on developing more and
more sophisticated, expensive and often performance
limiting medications and procedures required to facilitate
normal high-end performance. The fact is that countless
thousands of horses are currently on permanent or semi-
permanent medication for a pathologically significant
disease apparently without any real regard for the cause of
the problem.

Of course, the hype attached to gastric ulceration is
entirely understandable since that is the currently ‘visible’
face of gastrointestinal disease. However, the stomach is a
very small, although admittedly important, part of the overall
intestinal tract of the horse. Since we cannot see the rest of
the gut we are, it seems, very inclined to overlook it
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completely. Even from a pathologist’s viewpoint at necropsy,
the intestine is frequently simply palpated and viewed from
the serosal surface and only examined more closely when
serosal evidence of disease or abnormality is directly and
easily visible. The advent of sophisticated ultrasound scanners
and laparoscopy do provide some visual ‘measures’ of
potential intestinal problems; the former is very limited in
reach and access and the latter also has clear and
understandable constraints in logistics and clinical value.
When an abnormality is ‘seen’ we immediately attribute a
clinical significance to it, hopefully in conjunction with the
clinical syndrome being investigated. The problem now is
‘Does clinically significant large bowel disease exist beyond
the obvious major recognised entities such as salmonellosis
and cyathostominosis, and how can it be detected and
diagnosed?’

The currently described ‘best test’ for intestinal disease is a
rectal biopsy (Mair et al. 2006). Histopathological examination
of rectal biopsies has been used in the horse as an aid to the
diagnosis of intestinal disease with variable success over
many years (Lindberg et al. 1996; Schumacher et al. 2000;
Mair et al. 2006). The technique can certainly be useful in the
diagnosis of some of the possible pathological changes
(Lindberg et al. 1996) but there is clearly considerable
controversy on the sensitivity and specificity of the technique
(Sloet van Oldruitenborgh-Oosterbaan and Grinwis 2014). In
horses with eosinophilic gastroenteritis microscopic lesions
with diffuse eosinophilic infiltration of the lamina propria and
submucosa are often more widespread than the gross lesions
(Pass and Bolton 1982). However, eosinophils are commonly
found in the rectal and submucosa of ostensibly normal
horses without any clinical evidence of digestive tract disease
(Sloet van Oldruitenborgh-Oosterbaan and Grinwis 2014). It is
clear that the presence of eosinophils, at least in rectal
biopsies, is not necessarily proof of either multi-systemic
eosinophilic epitheliotropic disease (MEED) or idiopathic
eosinophilic enterocolitis of either a focal or a diffuse nature
(Mair et al. 2006).

Where overt pathology is found the significance is high
but the variations in the rectal mucosa in an individual animal
seems to be a serious confounding factor. Therefore, here we
have a test which is still used widely in clinical practice with
very low sensitivity and only moderate specificity. The
diagnosis of a few conditions such as diffuse intestinal
lymphoma and some forms of granulomatous enteritis can
be supported by the use of rectal biopsy – whether they can
be confirmed by it is another matter. The clinical value of
rectal biopsies remains conjectural but we continue to
perform them in the hope that some evidence of intestinal
disease will become evident.

It is clear that so-called ‘idiopathic bowel diseases’ do
exist (Schumacher et al. 2000) and these can be identified
histologically from either surgical specimens or at necropsy.
Most of these syndromes are of a chronic nature and an
attempt was made to characterise eosinophilic infiltrative
disease pathologically as early as 1982 (Pass and Bolton
1982). Little has been published on eosinophilic colonic
disease until idiopathic focal eosinophilic enteritis was
described (Edwards et al. 2000; Archer et al. 2006; Makinen
et al. 2008). The concept of specific focal diseases of the
large colon including the possibility of colonic ulceration was
first introduced by Pellegrini (2005). This study involved a large
abattoir study to establish the prevalence of colonic

pathology in ostensibly normal horses. No prior history was
available and lesions were not characterised histologically.
The large majority of previous studies have explored the
concept of large bowel disease from a surgical basis, i.e.
horses presented with colic that result in surgical intervention
(Edwards et al. 2000). It is possible that these individuals are
only the ‘clinical’ tip of the iceberg of pathology and that
many more horses are affected by subclinical variants of
these conditions. A high proportion of apparently
asymptomatic horses, i.e. horses without any history of any
intestinal disease and without any confounding factors such
as nonsteroidal administration, have been shown to have
evidence of large bowel disease (Knottenbelt et al. 2015).
This leads to the suggestion that a variety of colonic
pathology ranging from localised ulcerations of the colon to
mild to moderate areas of inflammation affecting multiple or
variable areas of the colon and caecum exist even in
otherwise normal horses. Of course the significance of this
depends on the true nature of the pathology and its
duration, severity and extent. As might be expected, by far
the most common pathology is related to parasitism
(Kerbyson et al. 2014b; Knottenbelt et al. 2015), a pathology
that can be usually be inferred from historical data and from
worm egg counts/tapeworm ELISA, etc. However, even
though cyathostominosis is a very common clinical event,
there is no specific diagnostic test to confirm it apart from
intestinal biopsy or at least laparotomy. An occasional case
will reveal larvae in rectal biopsies but that can also be found
in unaffected horses. It is likely that there is a range of
diseases that affects the large colon and that within this there
will be a spectrum of severity and extent. Since most of these
conditions are chronic there seems to be ample time/
opportunity to reach a diagnosis and therefore prevent
progression and offer early therapeutic intervention. The
challenge is surely that we have no presurgical specific tests
for any of the conditions. However, just because we have no
current specific and sensitive diagnostic tests for any of the
so-called idiopathic disorders, does it mean that we do not
have to investigate them? Gastric ulcers only became a ‘real
issue’ when the endoscope reached the cardia though it
seems entirely likely that elite horses in particular were
historically significantly affected.

Recently, a faecal occult blood test, which detects
faecal albumin and haemoglobin separately, has been
developed (Succeed FBT, Freedom Health, Cleveland, Ohio)
in an attempt to add diagnostic information. However, as
expected, this test is not specific even though it has very high
sensitivity. The test can be used simply and routinely to
identify horses with bowel haemorrhage or protein (albumin)
losing enteropathy. The test can be viewed in the same
manner as the thermometer or the stethoscope – a
diagnostic test of low specificity but very high sensitivity that
encourages the clinician to explore further diagnostic
possibilities. It is in effect a screening test that should focus
the attention on the need to explore intestinal health. This has
to be better than waiting for a 30 m endoscope!

The range of pathological disorders in the caecum and
colon is seemingly much wider than we first thought with
several infiltrative diseases and some more recognised
conditions such as the so-called ‘right dorsal colitis’. Like
gastric ulcers, larval cyathostominosis and tapeworm
infestation it is likely that many of these conditions will be
found to be of clinical significance once we have a better
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method of detection and diagnosis. Currently, the
confirmation of right dorsal colitis, for example, is achieved by
laparotomy and surgical pathology. Clinical signs may
support a tentative diagnosis but of course the reality is that
other conditions could present the same signs including colic,
weight loss, faecal consistency variation and irregular
appetite as well as behavioural issues relating to chronic
abdominal discomfort.

Early detection of large colon diseases and their definitive
diagnosis will bring significant welfare benefits. We need to
expand our horizons and our range of diagnostic tests for
bowel pathology as a whole; if we are simply going to
accept that gastric and gastroduodenal ulcers and parasites
are an obligatory consequence of the domestication of the
horse, we have a duty first to identify the causes and
institute such controlling measures as we can. Simply because
we have an endoscope and a drug that possibly helps to
relieve the clinical signs of gastric ulceration, it surely does not
mean that we can forget the causation and the need to
address it. We should be focusing attention away from the
treatment of gastric ulceration to its prevention so that drugs
are not required to keep horses ‘healthy’; by definition, a
patient receiving drugs for a pathological disease cannot be
considered healthy even if the drug is effective.

Now we need to also seriously consider the rest of the
intestinal tract of the horse. What is the effect of long-term
omeprazole on the health and function of the rest of the
alimentary tract? ‘Is it without effect?’ or ‘Is it possible that
it has a ‘knock-on’ downstream effect (beneficial or
harmful) further down and, in particular, in the large
colon?’ We need to take a much broader view of the
health of the intestinal tract and identify diagnostic
methods that will add significantly to our clinical resources;
simply because we do not yet have a 25–30 m endoscope
does not mean that we can forget the majority of the gut
and naively believe that there are only 2 or 3 pathologies
that affect it! Clearly, subclinical colonic disease does exist
and it is na€ıve to assume that it invariably has no clinical
implications.
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Case Report

Keratitis and periocular lesions associated with equine herpesvirus-3
in a 3-month-old filly
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Summary
A 3-month-old Quarter Horse filly presented with corneal
ulceration in the right eye with extensive coalescing
periocular ulcerations, erosions, and cutaneous crusts. Similar
periocular lesions were present around the left eye, on the
gingival mucosa, and on the cutaneous and mucosal
surfaces of the lips. Based on the severity of the filly’s corneal
lesions, expense and duration of treatment, euthanasia was
elected. Histological post mortem examination revealed
numerous hyperplastic and/or dysplastic epithelial cells
adjacent to areas of ulceration and erosion with intranuclear
viral inclusion bodies. Equine herpesvirus-3 (EHV-3) was
identified by polymerase chain reaction from the right cornea
and lip. The virus was isolated from the right cornea, right
eyelid and lip. The dam presented with multifocal to
coalescing perineal vesicles. EHV-3 was confirmed by
polymerase chain reaction from the vulvar lesions and the
mare recovered spontaneously. This is the first case of EHV-3
corneal infection reported in horses and emphasises that
EHV-3 should be included as a differential diagnosis for
vesicular lesions involving the equine periocular and oronasal
epithelium.

Introduction

Equine coital exanthema (ECE) is an acute, venereally-
transmitted, infectious disease caused by equine herpesvirus
(EHV)-3. Clinical signs are characterised by formation of
papules, vesicles, pustules and ulcers on the penis and
prepuce of stallions, and on the vaginal mucosa and
perineal skin of mares (Barrandeguy and Thiry 2012). Typical
infection occurs via direct cutaneous contact during coitus;
however, fomite transmission via contaminated objects such
as artificial vaginas or insemination pipettes has also been
documented (Barrandeguy and Thiry 2012). Genitonasal
contact transmission was suspected in a 2-month-old foal
after isolation of EHV-3 from a lesion on the nostril of the foal
whose mare presented with clinical ECE (Crandell and Davis
1985). In another study, three foals were experimentally
inoculated intranasally and developed solitary herpetic
blisters in their noses, which turned into shallow ulcers
covered by scabs. These lesions eventually healed without
treatment. The genital area of these experimentally-infected
foals remained free of visible virus-induced manifestations
(B€urki et al. 1974). In the present report we describe a foal
with not only ulcerative lesions in the nostrils, lips and eyelids,

but also severe keratitis from which EHV-3 was identified by
polymerase chain reaction (PCR) and virus isolation.

Case history

A 3-month-old Quarter Horse filly was presented to the
primary veterinarian with right unilateral purulent ocular
discharge, eyelid discoloration and opacity of the right
cornea of one week’s duration. The mare, an 8-year-old
Quarter Horse, presented with multiple small pustules and
nodules on her perianal and perineal region, as well as
multifocal white areas of depigmentation around her
mammary glands. The stallion, an 11-year-old Quarter Horse,
presented with small nonpigmented epithelialised lesions
compatible with scarring on the distal shaft and glans of the
penis. The stallion was pastured with the mare and foal and
three other mares that were reportedly healthy and free of
venereal lesions. The stallion had naturally bred an outside
mare approximately 3 weeks before. This mare’s owner did
not report any lesions following the breeding. No treatment
was administered prior to presentation, and the mare and
foal were referred to the J. T. Vaughan Large Animal
Teaching Hospital at Auburn University for further evaluation.

Clinical findings

At presentation to the hospital equine medicine service, the
filly was bright, alert and responsive. Rectal temperature
(37.8°C), respiratory rate (24 breaths/min) and heart rate
(40 beats/min) were within normal limits. The rest of the
physical examination was unremarkable with the exception
of the ophthalmic examination. The right eye had severe
blepharospasm with purulent ocular discharge, and the
adjacent periocular area had multiple variably-sized ulcers,
vesicles and papules. The eyelids had widespread coalescing
areas of depigmentation and blepharoedema associated
with ulceration of the eyelid margin, as well as severe, diffuse
conjunctival hyperaemia and chemosis (Fig 1). The right
cornea had severe deep diffuse corneal oedema associated
with 360° superficial corneal neovascularisation extending 8–
10 mm from the periphery of the cornea towards the
paracentral cornea. In the dorsal quadrant of the right
cornea, two superficial lesions (5 x 5 mm) with positive uptake
of fluorescein were observed, compatible with superficial
corneal ulcers. In the central cornea, a white dense hazy
opacity located in the corneal stroma was consistent with
stromal cellular infiltration (Fig 2). The pupil was miotic;
however, due to the presence of severe corneal oedema
the examination of the intraocular structures was limited and
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neither the anterior uvea nor the lens and posterior segment
could be evaluated. Examination of the left eye revealed
mild blepharospasm and severe epiphora (Fig 3). The left
cornea had multifocal punctate ulcers in the axial cornea
with positive retention of fluorescein. The anterior uvea, lens
and posterior segment of the left eye were unremarkable.
Mild ulceration on the haired oral labial surfaces near the
mucocutaneous junction was also evident (Fig 4).

The mare had been observed to be bred naturally
approximately 2 weeks prior to admission. At the time of
breeding, no active lesions were noted on the mare
according to the owner. The mare developed vulvar pustules
approximately one week after breeding. On presentation,
the mare had severe multifocal to coalescing 0.5–1.5 cm
perineal vesicles and ulcerative lesions that extended
ventrally to the udder (Fig 5). One vesicle located

approximately 5 cm lateral to the left side of the vulva was
biopsied and submitted for diagnostic testing. The gross
lesions were highly suggestive of ECE. Transrectal palpation
and ultrasound of the uterus confirmed a 21 mm embryonic
vesicle, approximately 16 days of gestation, consistent with
the reported breeding date.

Cytological examination of a corneal scraping from the
foal’s right eye revealed marked purulent inflammation with
high numbers of neutrophils and scattered small lymphocytes.
A few extracellular rod-shape and cocci structures were
compatible with bacteria; however, these structures did not
stain like typical bacteria, indicative of possible nonviable
bacteria. Corneal scraping samples were submitted for
microbiological culture.

Outcome

Treatment for the filly was offered consisting of topical
antimicrobials, atropine and antiviral (trifluridine, idoxuridine or
cidofovir) application and systemic flunixin meglumine.
However, based on the severity of the filly’s corneal lesions
and the expense of any treatment the owner elected

Fig 1: Multiple variably sized ulcers, vesicles and papules are
observed in the periocular tissues of the right eye of the filly.
Purulent discharge is present. Diffuse conjunctival hyperaemia
and chemosis are observed, as well as corneal opacity.

Fig 2: The right eye after application of fluorescein stain. In the
dorsal quadrant of the cornea 2 superficial lesions (5 x 5 mm)
with positive uptake of fluorescein were observed compatible
with superficial corneal ulcers. In the central cornea a white
dense hazy opacity located in the corneal stroma was consistent
with stromal cellular infiltration. Diffuse corneal oedema
associated with corneal neovascularisation is observed.

Fig 3: Mild blepharospasm and severe epiphora is evident in the
left eye of the filly. Several ulcers and vesicles are present in the
upper and lower eyelid margins.

Fig 4: Two vesicles were observed on the right oral labial margin
at the mucocutaneous junction.
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euthanasia. The filly was submitted for necropsy examination.
The mare was discharged with recommendations to the
owner concerning sexual rest and dietary recommendations
for facilitation of milk production cessation.

Post mortem findings
Necropsy examination revealed extensive, multifocal to
coalescing, variably sized (pinpoint to 2.5 cm wide),
irregularly-shaped, well-demarcated ulcerations, erosions,
and cutaneous crusts extending circumferentially around the
right eye. The right cornea was light blue and opaque.
Although 360° neovascularisation of the right cornea was
reported clinically, at the time of necropsy,
neovascularisation was only apparent at the medial and
lateral margins (probably due to lack of blood pressure and
post mortem settling of blood). Slightly dorsal to the corneal
centre were two ill defined, roughly 5 mm diameter pale
blue to white ulcers. The clinically observed punctate
ulcerations involving the left cornea were not appreciated
during the necropsy examination. Multifocal cutaneous
lesions were also observed around the left eye, extending
from the medial canthus to the dorsal aspect of the
cutaneous portion of the dorsal eyelid. Ulcerations and
erosions were also observed on the cutaneous and mucosal
surfaces of the lips and adjacent to the incisors on the oral
labial mucosa. Samples from the lesions were submitted for
PCR and virus isolation to the University of Kentucky
Veterinary Diagnostic Laboratory, a fully accredited
diagnostic laboratory by the American Association of
Veterinary Laboratory Diagnosticians. Viral DNA from
specimens was extracted by using QIAamp DNA Mini Kit1. A
gel based PCR was performed based on a published
protocol using primers targeting glycoprotein G (gG) gene of

EHV-3 (Dynon et al. 2001). Assay sensitivity is reported to be
between 100 and 1000 molecules of target DNA (Dynon
et al. 2001). Virus isolation was performed based on a
standard virus isolation method (Specter et al. 2000). Samples
were inoculated on 90% confluent RK-13, Vero and ED cell
lines in MEM media with 5% fetal bovine serum. While RK-13
and Vero cells did not show any cytopathic effect, ED cells
exhibited cytopathic effect on Day 3 post infection. The cells
were scraped and EHV-3 was confirmed by a fluorescent
antibody test using commercially available EHV-3 antiserum2

and fluorescent-conjugated secondary antibody (Anti-
Porcine IgG [H&L] FITC Conjugate Affinity Purified)3.

Histologically, the periocular erosions and ulcerations were
characterised by thick serocellular crusts overlying variable
depths of degenerate or necrotic epithelial cells. Numerous
hyperplastic and/or dysplastic epithelial cells, adjacent to
areas of erosion/ulceration, contained a single 4–7 lm
diameter eosinophilic to amphophilic intranuclear viral
inclusion body that marginated the chromatin (Fig 6). Viral
inclusions were also present within epithelial cells adjacent to
oral labial mucosal ulcerations. Areas of corneal ulceration
involving the right eye were submitted for EHV-3 PCR and
virus isolation and thus were not examined histologically.
Adjacent to the submitted areas of ulceration, the corneal
epithelium had moderate lymphoplasmacytic and
suppurative keratitis with focal epithelial hyperplasia;
however, no viral inclusions were present. At the time of
necropsy, lesions involving the left cornea were not grossly
evident; therefore, the entirety of the left cornea was
submitted for EHV-3 PCR and virus isolation, precluding
histopathological evaluation. Electron microscopy and EHV-3
immunohistochemical analyses were not performed.

Microbiological corneal culture from both eyes did not
yield bacterial or fungal organisms. PCR was positive for EHV-
3 from the filly’s right cornea and lip, and from the mare’s
vulva. EHV-3 was not detected by PCR from the filly’s right
eyelid or left cornea. EHV-3 was identified by virus isolation
from the filly’s right cornea, right eyelid and lip, but was not
detected from the mare’s vulva.

Fig 6: Photomicrograph of hyperplastic and dysplastic epithelium
immediately adjacent to an area of periocular ulceration.
Numerous epithelial cells contain a single 4–7 lm diameter
eosinophilic to amphophilic intranuclear viral inclusion body that
marginates the chromatin (arrows). Haematoxylin and eosin.
Bar = 20 lm.

Fig 5: Severe multifocal to coalescing 0.5–1.5 cm perineal
vesicles were observed in the mare that extended ventrally to the
udder, characteristic of equine coital exanthema.
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Discussion

This is the first case of EHV-3 corneal infection reported in
horses. The foal presented with severe keratitis and ulcerative
lesions in the nostrils, lips and eyelids. EHV-3 was identified by
PCR and virus isolation.

Differential diagnoses for exanthematous lesions on the
lips or nostrils of horses include vesicular stomatitis and
horsepox. Horsepox is so rare to the point of being
considered extinct (Tulman et al. 2006), and vesicular
stomatitis is manifested as sporadic outbreaks generally
confined to Colorado, Utah, Arizona and New Mexico
(Rodr�ıguez 2002); therefore, it was considered unlikely due to
the absence of compatible signs in other horses kept in close
contact with the foal and the geographic location. The
present report emphasises the importance of including EHV-3
as a differential diagnosis of vesicular lesions involving the
eyes and oral and nasal cavities of foals nursing mares with
active ECE lesions.

Corneal herpesviral infection with EHV-2 has been widely
reported, with two clinical manifestations being irregular
linear ulceration and multiple focal punctate corneal
opacities (Cutler 2004). However, EHV-2 is widespread in the
horse population without ocular disease (Borchers et al.
2006). EHV-5 has been detected via quantitative PCR in
conjunctival swabs from horses with idiopathic
keratoconjunctivitis and control horses, but a causal
relationship has not been demonstrated (Hollingsworth et al.
2015). Viral keratopathy of nonherpesvirus origin is rarely
described in horses and very uncommon in the USA, but can
include adenovirus and equine influenza (Cutler 2004). To our
knowledge, corneal infection with EHV-3, or any a-
herpesvirus, has never been reported in horses with keratitis.
Herpes simplex virus, an a-herpesvirus, is associated with
infection of the cornea in people throughout the world
(Adhin et al. 2012). Molecular diagnostic testing to identify
EHV-2 or other organisms was not performed because the
characteristic lesions observed in the genital areas of the
mare, history of recent breeding activity, and the lesions on
the muzzle and eyelids of the foal, led us to investigate EHV-
3 directly. Histologically, intranuclear viral inclusion bodies
were present in hyperplastic and/or dysplastic epithelial cells
adjacent to areas of periocular and oral labial mucosal
erosions/ulcerations; however, viral inclusions were not
observed in the epithelial cells of the right cornea. The lack
of viral inclusions within the corneal epithelium was probably
due to sampling during the necropsy examination – foci of
corneal ulceration, including immediately adjacent intact
epithelium (the most likely areas to identify the intranuclear
viral inclusions histologically), were submitted for EHV-3 PCR
and virus isolation. The identification of EHV-3 via virus
isolation and PCR from the corneal tissue, in conjunction with
negative bacterial and fungal cultures, suggests it was the
primary cause of the lesions. PCR assay for amplification of
EHV-3 DNA has been described (Dynon et al. 2001). In this
case, some tissues were positive to both PCR and viral
isolation of EHV-3, but several tissues were negative to one of
the two diagnostic tests. Therefore in trying to confirm EHV-3
infection, multiple tissues should be tested by both virus
isolation and PCR to maximise the chance of achieving a
positive diagnosis. Furthermore, it would be expected that

the use of a quantitative PCR would have resulted in
increased sensitivity than conventional PCR.

Bacteriological and fungal culture did not yield any
growth. A few structures compatible with extracellular
bacteria were observed on cytological analysis, but they did
not stain like typical bacteria, suggesting that they were
compatible with nonviable bacteria. It is possible that they
were contaminants obtained during cytological sample
collection that were not in sufficient numbers to yield positive
bacteriological culture.

Treatment of ECE in the adult breeding animal is generally
limited to sexual rest until the lesions have spontaneously
healed to prevent further spread of infection (Barrandeguy
and Thiry 2012). Topical use of antiviral compounds has not
been fully explored in cases of ECE. Treatment was not
attempted in the foal in this report at the request of the owner.
In cats, the most effective antiherpetic drugs are the acyclic
nucleoside analogues such as cidofovir and famciclovir,
which are the only two antivirals with proven clinical efficacy
against feline herpesvirus-1 (FHV-1) (Gould 2011). Trifluridine
has the best in vitro efficacy against FHV-1, however no
clinical trials of its use in cats have been reported (Gould
2011). The use of ophthalmic antiviral medications has been
recommended for the treatment of viral epithelial diseases in
horses by some authors, although frequent administration is
needed due to the virostatic nature of the drugs (Cutler 2004).
However, it is inappropriate to extrapolate the use of antiviral
drugs between species of mammal or herpesvirus because
the affinity of the herpesvirus thymidine kinase for different
nucleoside analogues varies significantly between the
different a-herpesviruses, and within the varicelloviruses.
Although cidofavir and famiciclovir have been successful in
treating FHV-1 keratitis lesions in cats, such treatments may not
be appropriate for EHV-3 keratitis. The effectiveness of topical
ophthalmic antiviral agents to limit viral replication against
EHV-3 keratitis has not been previously evaluated and requires
specific investigation. The benefit of topical and oral interferon
or dietary L-lysine supplementation in the treatment of FHV-1
ocular disease is controversial (Gould 2011), but it has been
recommended in the management of equine herpetic ocular
disease (Cutler 2004).

In conclusion, this is the first case of corneal infection with
EHV-3 reported in a horse. EHV-3 should also be included as a
differential diagnosis for vesicular lesions involving the eyes,
and oral and nasal mucosa of foals born to mares with
active lesions of ECE.
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Introduction

Herpesviruses are widely disseminated in nature as a
consequence of their well host adapted life cycles. The
process of adaptation to a specialised niche might ultimately
result in lineages characterised by mutations in their genomes
or a unique epidemiology (Pellet and Bernard 2007). Most
animal species yield at least one type of herpesvirus;
however, few herpesvirus types naturally infect more than
one taxonomic family. The most important characteristic of
the herpesviruses is their ability to remain latent in their natural
hosts and subsequently replicate causing disease on
reactivation. The precise molecular mechanisms that lead to
reactivation are not fully elucidated and may differ from one
virus to another.

The herpesviruses that affect equids (EHV) belong to 2
different families; alpha-herpesviruses (EHV-1, -3, -4, -6, -8 and
-9), which have a variable host range, short reproductive
cycle and latency in the sensory ganglia and neural tissue
and gamma-herpesviruses (EHV-2, -5 and -7), which have
long reproductive cycles and establish latency mainly in
lymphoid tissues (Pellet and Bernard 2007) (Fig 1).

Gamma herpesviruses have been consistently linked to
corneal and respiratory disease in horses, particularly EHV-2
(Matthews and Handscombe 1983; Miller et al. 1990). Only
recently, a member of the alpha-herpesvirus family (EHV-1)
was associated with chorioretinitis (Hussey et al. 2013), which
is not unexpected giving the tropism for neural and
endothelial cells of this virus. The case report by Barba et al.
(2015) highlights the potential involvement of other members
of this family in contributing to ocular disease. At the same
time it fuels the discussion about herpetic keratitis in horses,
whether the virus is a true corneal pathogen, an opportunist
or an incidental finding.

Herpetic keratitis

Equine viral keratitis has been intermittently reported in the
literature, mostly associated with herpesviruses. In contrast to
other viral aetiologies, herpetic keratitis does not usually
present with systemic disease (Neidermainer et al. 2010). Early
reports date from the late 1970s, describing outbreaks with
several animals from the same premises affected with
superficial punctate keratitis (Thein 1978), isolated cases that
responded well to antiviral medication (Matthews and
Handscombe 1983; Moore 1987; Miller et al. 1990), or those
with concurrent respiratory infection (Collinson et al. 1994;
Rushton et al. 2015). Equine herpesvirus-2 has been proposed
as the putative and primary cause of viral keratitis in the
horse, although its presence in corneal and conjunctival
scrapes has been inconsistently demonstrated in affected

animals and widely determined in asymptomatic horses
(Richter et al. 2009; Rushton et al. 2013; Wong et al. 2008). In
addition, coinfections with EHV-5 are not uncommon, not
only in ocular cases but also in respiratory disease and dual
infection prevalence can be as high as 33% (Williams et al.
2007). Although, EHV-2 and -5 are two distinct viral species,
their close antigenic relationship can make the attribution of
clinical disease to one of them difficult. Taking into account
the relatively high prevalence of EHV-2 coinfections and
previous literature on herpetic keratitis, EHV-2 should always
be ruled out when viral keratitis is suspected.

Despite having been implicated in various syndromes,
gamma herpes viral pathogenesis in the horse is still unclear.
It is believed that both EHV-2 and -5 gain entry through the
respiratory tract invading the local lymph nodes and
spreading from them to other adjacent lymphatic tissues,
including the conjunctiva-associated lymphoid tissue (CALT),
where they establish latency. Both viruses infect circulating B
lymphocytes which probably play an important role in
viraemic episodes and reactivation of disease in different
locations (Agius et al. 1994; Drummer et al. 1996). Virus
transmission from infected B cells to conjunctiva or respiratory
epithelial cells may lead to a persistent infection with
fluctuating virus shedding in mucus (Borchers et al. 2006). The
antigen presenting cells, such as Langerhans cells, also
harbour EHV-2 and are more likely to be the main reservoir in
the conjunctiva (Borchers et al. 1998, 2006). Nevertheless,
virus load, inmmunopathological mechanisms or particular
strains of the virus might initiate or influence the development
of EHV-2 associated disease and explain the high prevalence
of EHV-2 in asymptomatic animals (Ackermann 2006).

Clinically, EHV-2 keratitis in horses is characterised by
sporadic, multifocal subepithelial, punctate opacities. These
lesions may stain variably with fluorescein but commonly with
Rose bengal. Superficial vascularisation is associated with the
opacities and affected horses exhibit persistent to moderate
ocular pain and sometimes uveitis. In humans and cats,
herpetic keratitis is caused by herpes simplex virus (HSV) and
feline herpesvirus-1 (FHV-1), respectively, which are members
of the alpha virus group. In both host species the disease is
highly prevalent and the clinical presentation similar, with
epithelial dendritic and/or geographic ulcers occurring
frequently. Conjunctivitis usually accompanies the epithelial
disease, and progression to chronic indolent ulceration is not
uncommon. Stromal disease may occur but is usually linked
to immune-mediated inflammation (Dowson and Togni 1976;
Holland and Schwartz 1999; Liesegang et al. 1989; Stiles and
Townsend 2007).

The differences in clinical presentation between horses
and cats/man are probably related to the EHV subfamily
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involved in the process, given that the disease in cats and
man shares more clinical features in common than in horses
(Table 1). However, herpetic keratitis in the horse is still poorly
defined and presents at a low frequency when compared
with other species. Whilst recurrent infections are common in
cats/man, equine cases seem to resolve quickly after antiviral
treatment or heal spontaneously (Brooks and Matthews 2007).
It is proposed that EHV-2 in the horse may also act as
keratopathogen via immune-mediated disease. Viral
derived epitopes may be retained within the stroma
facilitating periodical reactivation of the disease. This
phenomenon is well documented in man, in whom viral
epitopes stimulate an antigen-antibody complement
cascade that results in stromal inflammation. Therefore,
stromal keratitis probably represents the immune response of
the host to viral antigens filtering down from epithelial
lesions or viral replication in stromal cells (Holland and
Schwartz 1999). In this scenario, it is possible that some forms
of immune-mediated keratitis in the horse are linked to
chronic reactivation of herpesvirus infection. A CD4 + T

lymphocyte reactivation to viral antigens in the cornea
remains the most likely pathogenic mechanism of the
immune-mediated stromal disease in man (Rowe et al.
2013) and these cells have also been identified in corneas
from horses affected with IMMK (Pate et al. 2012). Further
research is required to clarify the potential role of
herpesvirus in immune-mediated corneal disease in the
horse.

Is EHV-3 a potential new corneal pathogen?

Equine herpesvirus-3 is a member of the alpha-herpesvirus
family responsible for the sexually transmitted disease, equine
coital exanthema (ECE). This virus is believed to be endemic
in the UK and in most breeding populations worldwide. The
nonvenereal form of EHV-3 infection occurs uncommonly in
unbred horses, causing pyrexia, coalescing vesicles in lips,
nares, tongue, anus, vulva or scrotum (Codes of practice
2015, Crandell and Davis 1985). Rhinitis has also been
described (Gibbs et al. 1970; Barrandeguy et al. 2010).

Respiratory disease

EHV-1

EHV-3

EHV-4

α-HV

γ-HV

 EHV-6
(AHV-1)

 EHV-8
(AHV-3)

 EHV-9
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HERPES
VIRUSES

 EHV-2
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Fig 1: Diagram of equine herpesvirus. The most important references are: 1Hussey et al. (2013); 2Crandell and Davis (1985) Allen et al.
(2004); 3Barrandeguy et al. (2010); 4Studdert et al. (1984); 5Ficorilli et al. (1995); 6Browning et al. (1988); 7Borchers et al. (2008),
Greenwood et al. (2012).
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Noncoital transmission of the virus has been proposed via
genitonasal contact associated with behavioural nuzzling/
sniffling (Crandell and Davis 1985). The virus has a tropism
for transitional epithelial cells at the mucocutaneous
junctions, so lesions at the eyelid margins are feasible. It
is interesting to note that EHV-3 infection shares similarities
with HSV; HSV-1 is associated with infections of the face
and upper body while HSV-2 is linked to genital infections,
both causing ocular disease. Herpes simplex virus-1 ocular
infections result from reactivation of latent virus in the
ophthalmic branch of the trigeminal ganglia following a
nonocular route of infection (Rowe et al. 2013). In newborn
infants, ocular infection is usually acquired from the infected
genital tract of the mother, appearing most often as
blepharoconjunctivitis with typical herpetic vesicles on the
eyelid margin as described by Barba et al. (2015). However,
in two–thirds of cases, corneal disease appears about
7–10 days after the onset of cutaneous lesions (Dowson and
Togni 1976).

Accounting for these similarities, it is possible that EHV-3
in horses can infect the cornea, although it is difficult to
determine whether isolation of the virus from the cornea in
this case was due to a true invasion of the corneal
epithelium or a secondary contamination from the eyelid
lesions. Histopathology could have clarified the aetiology by
showing typical viral inclusion bodies within the injured
epithelium, although those are only present in the early
stage of infection and often missed by the time of biopsy.
Lymphoplasmocytic and suppurative keratitis are nonspecific
and more likely to represent secondary bacterial infection.

Implication of any member of the equine herpesvirus
family in equine corneal disease remains unclear and the
mechanism that leads to infection in ocular structures is yet to
be defined in horses. Meanwhile veterinary surgeons should
encourage testing of suspected cases. Further research is
warranted to elucidate the pathogenic effect of these
viruses.
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Summary
Intra-gastric pH monitoring is an important tool in the
validation of acid suppressive drugs. To date, several
methods of monitoring intra-gastric pH in the horse have
been described. However significant limitations are present in
the existing models. This article describes the placement of a
percutaneous gastrotomy (PEG) tube secured with a button
gastropexy in the standing horse through which the pH of the
ventral stomach can readily be measured under both fed
and fasted conditions.

Introduction

Suppression of gastric acid production is a cornerstone of the
treatment of equine gastric ulcer syndrome (EGUS) with
omeprazole the drug most commonly used for this purpose.
Early studies into the efficacy of omeprazole suggested that,
using enteric coated omeprazole pellets in gelatin capsules,
doses as low as 1.4 mg/kg bwt given via nasogastric tube
result in effective acid suppression for a minimum of 27 h
(Jenkins et al. 1992). More recently it has been reported that
oral administration of 4 mg/kg bwt of a buffered formulation
of omeprazole may result in a duration of acid suppression as
short as 12 h in some animals (Merritt et al. 2003). Potential
reasons for these discrepancies include variation in the
bioavailability of the different formulations and the reliability
of the models used to study intra-gastric pH.

Recent studies have suggested that minimal, if any,
differences are present between the bioavailability of enteric
coated granule formulations and buffered formulations of
omeprazole in horses. In a clinical study evaluating the
efficacy of two formulations of omeprazole in horses, the
bioavailability of an enteric coated granule formulation was
1.26 times higher than the comparison buffered formulation,
although the difference was not statistically significant as
wide 95% confidence intervals (95% CI: 0.56–2.81) were
present (Birkmann et al. 2014). In a study by the authors’
research group, the bioavailability of two enteric coated
granule formulations was tested against a reference buffered
formulation (Gastrogard)1. No significant difference was
present between the maximum plasma concentration (Cmax),
time to maximum plasma concentration (Tmax) and area-
under-the-curve (AUC) for either formulation (Sykes et al.
2015a). Together, these findings suggest that minimal, if any,
differences are present between the pharmacokinetics of
enteric coated granule and buffered formulations of
omeprazole in horses. Direct comparison between the studies
of Jenkins et al. (1992) and Merritt et al. (2003) is not possible;

however, the lack of differences in pharmacokinetics
between currently available formulations suggests that
alternative reasons, other than formulation, for the
discrepancy in efficacy discussed above warrants
consideration.

A limiting factor in any study of gastric acid suppression is
a suitable model to accurately and reliably measure intra-
gastric pH over time. Early studies used fasted horses to allow
collection of gastric fluid (Andrews and Jenkins 1992; Jenkins
et al. 1992), but this may affect the bioavailability of buffered
omeprazole. One study showed that fasted horses had a
3-fold increase in bioavailability compared to fed horses
(Daurio et al. 1999). In contrast, Merritt et al. (2003) reported
a model in which pH probes were fitted in a retrograde
manner through surgically implanted gastric cannulas. This
method allowed intra-gastric pH to be monitored in horses
under fed or fasted conditions and without interruption to
their normal feeding behaviour and, therefore, is more
clinically relevant. However, the need for general
anaesthesia and advanced surgical skills for the placement
of the gastric cannula could be considered as
disadvantages of this model.

The purpose of this report is to describe a method of intra-
gastric pH measurement using a pH probe that is fitted in a
retrograde manner into an endoscopically placed, indwelling
percutaneous gastrotomy tube (PEG) in the horse.

Animals and ethics
Two healthy, male adult (505 and 540 kg; aged 8 and
10 years) Thoroughbred horses were used. Both animals had
been in the investigators’ possession for a minimum of
12 months prior to use in the study, during which time they
had received routine health care and remained healthy.
Clinical examination was performed on both horses prior to
use in the study and was unremarkable. During the studies
the horses were housed individually in 16 m2 stables bedded
with wood shavings and fed as per the protocol for the
allocated treatment (see below). The study was performed
under an ethics permit from the New South Wales
Department of Primary Industries (TRIM 14/981).

Methods

Horses were fasted for 20 h and withheld from water for 2 h
prior to gastroscopy. Procaine penicillin (Propercillin2)
(25,000 iu/kg bwt i.m.) was administered 2 h prior to
gastroscopy. Flunixin meglumine (Flunixon Injection)3 (1.1 mg/
kg bwt i.v.) and gentamicin (Gentam 100)2 (8.8 mg/kg
bwt i.v.) were administered at the time of sedation. The
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horses were sedated with detomidine (Dozadine)4 (10–20 lg/
kg bwt i.v.) and gastroscopy was performed using a 3.3. m
gastroscope (Portascope)5 as previously described (Sykes
and Jokisalo 2014). Following introduction of the gastroscope
the stomach was insufflated with air until fully distended.

A ‘button gastropexy’ similar to the abomasal toggle
technique described in cattle (Grymer and Sterner 1982) was
then performed using the following method; the stomach was
identified on the left-hand side of the horse at the 11th inter-
costal space by percutaneous ultrasound and the
surrounding area of skin aseptically prepared. A
2.1 9 133 mm (14 gauge 9 5.25″) catheter (Angiocath)6 was
inserted through the skin and into the stomach until it could
be observed gastroscopically. Once the location of the
catheter within the stomach was visually confirmed a 3 m
length of high tensile (40 lb) fishing line (Maxima Ultragreen
One Shot)7 was passed through the catheter from the outside
and into the stomach (Fig 1). Biopsy forceps were used to
grasp the fishing line and draw it into the gastroscope. The
gastroscope was then withdrawn, drawing the fishing line out
of the nostril. A generic 15 mm wide button was then
attached to the fishing line and carefully secured.

The catheter was withdrawn from the body wall and
gentle traction was placed on the fishing line drawing the
button back through the nostril and down the oesophagus
and into the stomach. Once firm pressure was felt, suggesting
that the button was in place against the body wall, the
gastroscope was reinserted into the stomach to confirm the
positioning of the button against the stomach wall (Fig 2). A
second button was placed approximately 3–5 cm away from
the first button using the same technique. The ends of the
two lines were then tied together under gentle traction
against the body wall with a small plastic plate placed
between the suture and the skin to offset the tension (Fig 3).

Once the gastropexy was placed, a 20 Fr PEG tube
(Mila)8 was then placed using a similar technique. A similar
PEG technique without first creating a gastropexy has
previously been described (Toth et al. 2014). However, in pilot
investigations using this technique, the authors of this study
twice experienced displacement of the PEG tube since it was

not adequately secured within the stomach. In a further
modification to the previous described technique, and to
further reduce the risk of PEG tube displacement, a generic
25 mm nylon washer was placed over the PEG tube prior to
placement such that it sat between the end of the PEG tube
and body wall as shown in Figure 4. Figure 3 shows the
gastropexy and PEG tube in place externally. A video
demonstrating placement of the button gastropexy and PEG
tube is available in the online supplementary information
(Video S1).

Following the procedure, horses were returned to their
stables and allowed to recover from sedation before being
fed as per their normal routine. Procaine penicillin
(Propercillin2) (25,000 iu/kg bwt i.m. b.i.d.), gentamicin
(Gentam 1002) (8.8 mg/kg bwt i.v. s.i.d.) and flunixin

Fig 1: A gastroscopic image taken following transcutaneous
insertion of a 14 gauge 3 5.25″ catheter into the stomach. A
length of high tensile (40 lb) fishing line is then passed through
the lumen of the catheter and into the stomach.

Fig 2: A gastroscopic image showing the positioning of the
button within the ventral glandular mucosa below the greater
curvature (left of image) and looking towards the lesser curvature
and pyloric antrum.

Fig 3: An image showing placement of the percutaneous
gastrotomy (PEG) tube (top) and button gastropexy (bottom)
between 11th and 12th ribs.
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meglumine (Flunixon Injection3) (1.1 mg/kg bwt i.v. b.i.d.)
were continued for 3 days at which point in time the horses
were changed to doxycycline (doxycycline paste)9 (10 mg/
kg bwt per os b.i.d.) and phenylbutazone (P-Butazone)4 (2.2.
mg/kg bwt per os s.i.d.) for a further 7 days. Horses were
monitored by full clinical examination, including examination
of the gastropexy/PEG tube site, 3 times per day for the first
2 weeks. Further examinations, such as ultrasound and/or
abdominocentesis, were not performed as they were not
deemed indicated based on the clinical condition of the
horses. Ongoing monitoring consisted of twice daily
monitoring of general demeanour, appetite and body
temperature as well as examination of the gastropexy/PEG
tube site.

Three weeks following placement of the PEG tube the
position of the tubes was confirmed gastroscopically. In both

Fig 4: A gastroscopic image showing final placement of the
button gastropexy and percutaneous gastrotomy (PEG) tube. Prior
to PEG tube insertion a 25 mm nylon washer is placed over the
shaft of the PEG tube to provide additional security against the
stomach wall.

Fig 5: A gastroscopic image showing final placement of the pH
probe with 2 measurement points 5 cm apart. The first
measurement point is located approximately 1–2 cm from the
surface of the mucosa. The second measurement point sits freely
within the ingesta/fluid contents of the ventral stomach. TA
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horses the tube was located within the ventral glandular
fundus approximately 10–15 cm below the margo plicatus of
the greater curvature as shown in Figure 3. At this point a pH
probe (Comfortec PLUS)10 was fitted retrograde through the
PEG tube with its location confirmed endoscopically as
shown in Figure 5. The probes contained two measurement
points, 5 cm apart. The location of measurement point 1 was
approximately 1 cm from the glandular mucosa while the
second measurement point (measurement point 2) sat 5 cm
deeper within the glandular portion of the stomach. The
probe’s insertion distance into the PEG tube was noted for
future placement which was performed blindly using the
known insertion distance.

The ability of the model to monitor changes in gastric pH
in horses on different feed types was then investigated using
a cross over study design. The horses were adapted to one of
two diets over a period of 1 week; a hay only diet (HAY) or a
high grain/low fibre (HG/LF) diet. The HG/LF diet consisted of
1% bwt each of grain and hay per day, divided equally into
two meals fed at 10 am and 6 pm to mimic the

management of a racehorse in training. The HAY diet
consisted of ad libitum access to oaten/rye grass hay.

Once adapted to their respective diet the intra-gastric pH
of each horse was then monitored for a period of 5
consecutive days. To achieve this; the pH probe was
attached to a continuous data logger (ZepHr10). Data
recording commenced at 8 am and continued until 7 am
the following morning (23 h). Mean, median, minimum and
maximum pH and the % time below a pH of 4 was reported
directly from the software program. New probes were used
for each study period and each probe was calibrated each
day as per the manufacturer’s instructions. The probe was
then inserted the previously determined distance and
secured. Following the 5 day data collection period, each
horse was then transitioned to the other diet over a period of
1 week and the 5 day recording period was repeated on the
other diet. Due to the small number of animals and data
points collected statistical analysis was not attempted.
Instead the results for each variable are presented
descriptively in Table 1 as median (IQR).
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Fig 6: An example of a trace of continuous pH measurement of the ventral stomach over a 23 h period in a Horse (Horse 1 – Day 1)
receiving a high grain/low fibre (HG/LF) diet consisting of 1% each of grain and hay divided equally into 2 meals fed at 10.00 h and
18.00 h. The top trace is from measurement point 1 and the lower trace is from measurement point 2.
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Fig 7: An example of a trace of continuous pH measurement of the ventral stomach over a 23 h period in a Horse (Horse 1 – Day 3)
receiving a diet consisting of ad libitum hay. The top trace is from measurement point 1 and the lower trace is from measurement
point 2.
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Results

The procedure was well tolerated by both horses. Both
horses had a mild fever (<39.0°C) within the first 48 h
following the procedure but retained a normal appetite,
and had otherwise normal clinical parameters. Forty-eight
hours following the discontinuation of the antimicrobials on
Day 10, one horse developed mild, generalised swelling of
the surgical site and a fever (up to 39.0°C). Antimicrobial
therapy with doxycycline (doxycycline paste)10 (10 mg/kg
bwt per os b.i.d.) was reinitiated for a further 7 days. The
horse responded within 24 h and no further episodes of fever
were observed. At the time of writing the tubes have been
maintained in place for 6 months without further
complication, during which time the horses have been used
repeatedly for intra-gastric pH measurement as part of
ongoing studies.

Typical plots of pH over time for the HG/LF and HAY diets
are shown in Figures 6 and 7. Spikes in the recorded pH were
typically seen following the morning feeding at 10.00 h in the
HG/LF diet with a less consistent effect observed following the
6 pm feeding. In the HAY diet the pH typically remained low
throughout the measurement period with less variation
observed.

Table 1 summarises key pH values and the percentage of
time below a pH of 4 for 5 consecutive days of pH
measurement (measured from 08.00 h to 07.00 h) for two
horses under the two different dietary conditions.

Discussion

This report describes the successful placement of a
permanent indwelling PEG tube in the standing horse through
which intra-gastric pH measurement can readily be
performed. Beyond the requirement for a gastroscope, no
specialised equipment is required and the technique is
technically relatively simple with no specialised surgical skill
required. The procedure was well tolerated by the two horses,
both in the short and long term. Minor complications were
observed and further evaluation in a larger number of horses
is warranted to further document the safety of the
procedure.

The ability to continuously record intra-gastric pH without
altering the horse’s normal eating behaviour provides a useful
model for investigating the efficacy of omeprazole and other
acid suppressive drugs, which are the cornerstone of the
management of EGUS, under clinically relevant conditions.
Further, the location of the probe within the ventral region of
the stomach may provide useful information in investigating
the poor response of lesions within the glandular mucosa to
omeprazole monotherapy as recently reported (Sykes et al.
2014a,b, 2015b).

The model is similar to a gastric cannulation model
previously used in a number of studies including those
investigating the effect of pasture turnout vs. stall housing on
gastric pH (Husted et al. 2008) and the efficacy of
omeprazole in suppressing gastric acidity (Merritt et al. 2003).
The primary advantage of the current model is the ability to
place the PEG tube in the standing horse, negating the need
for general anaesthesia. The authors consider that the
greatest strength of both the previously reported gastric
cannulation model and the current PEG tube technique is
that the location of the probes within the stomach is known.

This is in contrast to another model that has been described
to measure ventral gastric pH that utilises a mercury
weighted balloon (Murray and Schusser 1993). This method
can be performed in the standing horse but the final location
of the pH probe is unknown. Further, the use of mercury
presents significant health risks to the operator making this
model undesirable.

The different pH profiles observed between the two diets
is interesting and warrants discussion. As shown in Figure 6 a
spike in pH of approximately 1–3 h duration was typically
observed following morning, and to a lesser degree evening,
feeding in the HG/LF group whereas the intra-gastric pH in
the HAY group (Fig 7) remained relatively stable with a pH of
<3. Reflective of this, the median per cent time that the pH
was below 4 appeared lower with the HG/LF diet than the
HAY diet. The number of animals in this study is too small to
draw conclusions, but further investigation into the effect of
diet on ventral gastric pH in a larger number of animals
appears warranted.
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Clinical Commentary

Gastric juice pH measurement in horses: Three-quarters of a
century of history!
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Summary
Inhibition of gastric acid and increased stomach pH>4.0 is
currently accepted as the mainstay of treatment for gastric
ulcers in horses. Measurement of gastric pH is complicated
and requires placement of a cannula and collection of
gastric juice or placement of pH electrodes in the stomach.
Since the distance from the nares to the stomach is
approximately 200 cm, finding a system with a pH electrode
with this length is difficult, not to mention difficult to maintain.
There has been a fascination with the measurement of gastric
juice pH in horses that has covered three-quarters of a
century starting with a fistula model in 1933 and culminating
in a recent technique described in this issue. Placement of
gastric cannulas and various pH electrodes have been used
to measure gastric juice pH in horses in the past and present,
but the future may require more sophisticated methods as we
look at the efficacy of different formulations of acid
suppressive drugs for treatment of equine gastric ulcer
syndrome.

Introduction

Inhibition of gastric acid secretion and the maintenance of
a pH of >4.0 is the mainstay of antiulcer treatment in
horses. The reason for this is that nonglandular gastric
mucosa exposed to pH≤4.0, induced functional damage in
the tissues manifested by decreased sodium transport and
histological evidence of cellular swelling in Ussing chamber
experiments (Widenhouse et al. 2002; Nadeau et al. 2003a,
b; Andrews et al. 2006a). Damage was most evident in the
nonglandular stratum transitionale and stratum spinosum,
deep to the superficial cornified layer where there is an
abundance of sodium-potassium ATPase pumps. These
in vitro studies confirmed the earlier assumptions that pH in
the stomach was a significant risk factor for nonglandular
gastric ulcers. In previous studies using a feed-deprivation
model, ranitidine treatment (6.6 mg/kg bwt, per os, q. 8 h)
resulted in a stomach pH of >4.0, which decreased
nonglandular ulcer surface area when compared with
untreated controls (Murray and Schusser 1993; Murray and
Eichorn 1996). Later studies showed that administration of
omeprazole increased gastric juice pH, which resulted in
improvement in gastric ulcer scores and ulcer healing
(Andrews et al. 1999a,b; Daurio et al. 1999; MacAllister et al.
1999). These experiments clearly showed that stomach pH
(<4.0) was a risk factor for nonglandular gastric ulcers;
however, the role of pH in glandular ulcer disease is not
known, but maintaining pH >4.0 in the stomach is still an
acceptable goal.

In the past, several methods have been used to measure
stomach pH in horses. As early as 1933, a gastric fistula was
made in a 13 year old mare and data reported described
the horse as a continuous acid secretor and found that the
horse secreted 10-30 L of acidic fluid per day (Egorov and
Cheredcov 1933). In 1974, pH electrodes inserted through
incisions made in the cranial and caudal halves of the
stomach of horses at necropsy showed a similar mean pH
(pH ~4.5–6.0) when fed a control diet (hay-grain ration
containing 12% crude protein); whereas mean pH was lower
(pH ~2.0–4.0) in the digesta of horses fed a pelleted high
cellulose diet (a pelleted, high-cellulose, low-protein diet
containing 3% urea) (Argenzio et al. 1974). This study
illustrated that pH electrode position in the digesta yielded a
pH, but might not represent gastric or mucosal pH in other
regions of the stomach. The pH found in this study suggested
that hay had a buffering effect on gastric acids compared
to a high carbohydrate diet. This was one of the first studies
to report differences in pH values in horses fed pelleted high
carbohydrate diet vs. a hay diet.

Thirteen years later, Campbell-Thompson and Merritt
(1987) fitted horses with gastric cannulas and the subsequent
experiments formed the basis of our modern understanding
of gastric secretion in horses (Merritt 2003). Stomach cannulas
allowed continuous collection of gastric juice and
measurements of pH, acidity, total acid output (TAO),
electrolytes and protaglandins under basal and stimulated
conditions (Campbell-Thompson and Merritt 1990; Merritt
et al. 1996; Kitchen et al. 1998; Sandin et al. 2000; Cargile
et al. 2004). Initial studies, using the cannula model, showed
that ranitidine (5 mg/kg bwt, i.v.) inhibited gastric acid
secretion and confirmed that endogenous histamine was
involved in the stimulation of gastric acid secretion in horses.
However, in these early experiments, hourly TAO in gastric
fluid was significantly decreased without an increase in
gastric juice pH (Campbell-Thompson and Merritt 1987). This
showed that TAO measurement was more sensitive than pH
in determining effects of acid suppressive drugs, as pH is
expressed as a log scale. The cannula model expanded our
understanding of gastric secretion in horses under basal and
pentagastrin and histamine stimulation and was later used to
improve our understanding of equine gastric ulcer syndrome
(EGUS).

In the 1990s, the cannula model was the ‘model of
choice’ for investigation of omeprazole as a treatment for
EGUS. Preclinical trials performed in horses fitted with gastric
cannulas showed that omeprazole was a potent inhibitor of
gastric acid secretion in horses with a long duration of effect
(Andrews et al. 1992; Jenkins et al. 1992, 1997; Daurio et al.
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1999; Sandin et al. 1999). In initial studies, omeprazole, as an
enteric coated granule formulation, significantly inhibited
TAO, but did not increase gastric juice pH, 5 h after the first
dose was administered via nasogastric tube. However, mean
gastric juice pH was >4.0 in the same horses 24 h after the 4th
daily dose and 1 h after the 5th dose (Andrews et al. 1992,
1999b). Initial studies might have deemed omeprazole
unsuitable for use in EGUS had this model not been
developed, as without a significant change in pH, it would
have been seen as ineffective. These data from horses fitted
with gastric cannulas and data from later clinical trials
resulted in the eventual Food and Drug Administration-
approval of GastroGard (Omeprazole paste)1 in the USA for
treatment of EGUS (Andrews et al. 1999a; Daurio et al. 1999;
Haven et al. 1999; MacAllister et al. 1999). Today, the
omeprazole paste formulation remains the preferred
treatment for EGUS worldwide.

The cannula model was and continues to be robust for
evaluating acid suppressive drugs in horses. However, the
implantation of the stomach cannulas requires general
anaesthesia, an experienced surgeon, specialised materials,
young horses (age 6–9 months) and extensive aftercare of
the incision and entry sites of the cannula (Campbell-
Thompson and Merritt 1987; Campbell-Thompson et al. 1988;
Campbell-Thompson and Merritt 1990). In addition, gastric
studies using the cannula model are typically done in the
fasting-state as the cannula becomes impacted with feed
material once the stylet is removed in the fed state. In
addition, the cannula model does not account for feeding
effects on gastric juice pH and interaction of feed with acid
suppressing drugs (Daurio et al. 1999; Haven et al. 1999).
However, the cannula model can be used to measure
gastric pH in fed horses. By introducing a pH electrode
retrograde up the cannula, gastric juice pH can be
measured in fed horses (Nadeau et al. 2000; Merritt et al.
2003; Lorenzo-Figueras et al. 2005). Use of an in situ pH
electrode via the stomach cannula allows for collection of
more clinically relevant data but still requires complicated
surgery.

Placement of indwelling pH electrodes in the stomach
has been used for years to generate stomach pH profiles in
response to eating and acid-suppressive agents in people
(Merki et al. 1987, 1988). Likewise, pH measurements, using
indwelling pH electrodes, have been used extensively in
horses. Indwelling pH electrodes have been placed through
the biopsy channel of an endoscope and nasogastric tube
(Sangiah et al. 1988; Murray and Grodinsky 1989, 1992; Baker
and Gerring 1993; Murray and Schusser 1993; Husted et al.
2008). The pH electrodes provide intermittent or continuous
pH measurement within the gastric environment without the
need for specialised surgical procedures. Continuous pH
measurements can be collected from these electrodes while
the horse is fed or fasted.

The challenge of any model is reliability. One major
problem with oesophageal placed indwelling pH electrodes
is positioning, because the pH in the horse stomach varies
from pH ~7 in the dorsal fundus to pH ~1–2 in the ventral
fundus (Murray and Grodinsky 1989). In addition, as feed is
ingested, a large basketball size matt accumulates in the
stomach and has the potential to dislodge or displace pH
electrodes, leading to aberrant pH readings. Thus, new
techniques are needed.

In this issue of EVE, a new technique for implantation of
indwelling pH electrodes is described by Sykes et al. (2015).
According to the authors, the described technique is similar
to the abomasal toggle technique described in cattle
(Grymer and Sterner 1982) and was easy to perform without
special surgery skills. The procedure was modified from a
percutaneous endoscopic gastrostomy tube placement
technique recently reported in horses (Toth et al. 2014). The
procedure was performed in two standing horses under
sedation and required a 3 m endoscope, an ultrasound unit
and a commercially available 20 French percutaneous
endoscopic gastrostomy (PEG) tube2. A video link describing
the technique was included with the article as
supplementary information. Once placed, 2 pH electrodes
were placed through the PEG tube so that they were
approximately 5 cm apart in the ventral fundus. The
positioning was confirmed by endoscopic examination in the
fasted state. The procedure was well tolerated by both
horses, although a few minor complications were observed
as noted in the article. Typical plots of pH over time for high
grain/low forage or hay diet were reported. Predictable pH
spikes were reported in the high grain/low forage-fed horses
after the morning and late afternoon feedings, whereas pH in
the hay-fed group was low throughout the measurement
period with less variation observed.

I applaud the authors for developing this method for
measuring continuous gastric pH in fed horses and this
technique might provide a useful model for investigating the
efficacy of acid suppressing drugs during the fed and fasting
state. The placement of the pH electrodes was confirmed in
the fasting state and not in the fed state, so shifting and
displacement could occur with feeding, which could result in
aberrant pH readings, although the electrodes were
anchored. In addition, unlike the cannula-model, TAO cannot
be measured and significant changes in TAO might occur
with acid suppressive drugs without appreciable changes in
pH, although pH is noted as a risk factor for EGUS, not TAO.

Sykes et al. (2015) recorded pH from the ventral fundus of
the stomach and the data collected show a typical pH
profile seen in horses fed a hay diet (Merritt 2003). Gastric fill
in horses fed forage is described as a matt or ball of feed in
the stomach at the level just above the oesophageal
opening. The matt has coarser contents layered at the top of
the stomach and finer particulate components filtered to the
bottom toward the ventral fundus. The upper, coarser matt,
being the furthest from the acid secreting region of the
stomach, is more accessible to swallowed saliva and has a
higher pH than the liquid contents at the bottom (Merritt
2003). As long as a forage diet is eaten, this stomach pH
gradient is maintained and there is less acid exposed to the
margo plicatus and proximal nonglandular stomach.
However, when a high grain, low roughage diet is fed, there
is disruption of the stomach pH gradient, which increases
content fluidity and mixing of gastric contents. This mixing
and fluidity exposes acids from the lower portion of the
stomach to the margo plicatus and nonglandular mucosa. In
addition, volatile fatty acids are higher in the high grain diets
and can act synergistically with stomach acid to affect
nonglandular cellular metabolism. Disruption of the pH
gradient and ulceration has been described in pigs fed finely
ground high concentrate diets (Argenzio 1999), although
studies have shown that the equine nonglandular mucosa is
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more resistant to VFA affects that pigs (Nadeau et al. 2003a,
b; Andrews et al. 2006a,b).

The described technique of pH electrode placement in
this issue of EVE might prove to be an excellent research tool
to evaluate the effects of acid suppressive agents on gastric
acid secretion in the fed state. However, the technique will
probably not be used to assess horses presented to the
equine hospital with EGUS. Therefore, more clinically relevant
techniques should be developed in the future to assess
gastric pH in the clinical patient.

A method for evaluating gastric juice pH in horses with
EGUS presented to the equine hospital is accomplished by
aspirating gastric juice during endoscopic examination.
Several recent studies showed that aspiration of gastric juice
and subsequent measurement of pH is valid in evaluating
the effect of omeprazole (4 mg/kg bwt, per os, q. 24 h,
14 days) on acid suppression. In these studies, gastric juice
was aspirated through the endoscope biopsy channel just
prior to insufflation. In these studies gastric juice pH was
significantly higher (pH >4.0) 17–19 h after the 14th daily
dose of omeprazole (Andrews et al. 2006b, 2015; Videla
et al. 2011; Huff et al. 2012; Loftin et al. 2012; Woodward
et al. 2014). The collection of gastric juice during the
gastroscopic examination is relatively simple, but daily
fluctuations in pH, pH profile or pH status in the fed state
cannot be evaluated.

In the future, other techniques for measuring stomach pH
will be developed for use in horses. Recently, a wireless
capsule system (SmartPill pHp)3 was used to measure gastric
juice pH, temperature and pressure in a horse and ponies
(Elliott et al. 2008; Stokes et al. 2012). This system is currently
Food and Drug Administration-approved to measure gastric
emptying and intestinal transit time in man. Unfortunately, the
commercially available wireless receiver was modified for the
horse studies to allow collection of adequate wireless data to
determine pH profile. The lack of adequate transmission from
the capsule was probably due to extensive gut fill in the GI
tract and body wall thickness. Until better systems for
measuring gastric pH are developed in the future, we are
thankful to the authors for the development of the PEG tube
method reported in this issue of EVE.
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Summary
There has been no large-scale study of the clinical signs of
sacroiliac (SI) joint region pain and its association with
lameness and/or thoracolumbar pain. Horses with a positive
response to infiltration of local anaesthetic solution around
the SI joint regions (SI block) and/or abnormal
radiopharmaceutical uptake (RU) in the region of the SI joints
were included. History, clinical signs, diagnostic imaging
findings, response to SI block, and concurrent lameness and/
or thoracolumbar pain were recorded. Horses (n = 296) were
divided into 2 groups: SI joint region pain only (Group 1,
n = 43) and SI joint region pain and concurrent source(s) of
pain (Group 2, n = 253). Clinical signs in Group 1 included
increased tension in the longissimus dorsi muscles (40%),
restricted flexibility of the thoracolumbar region (44%), trunk
stiffness during exercise (61%) and poor hindlimb impulsion
(56%). When ridden 65% had a poor contact with the bit, in
81% canter quality was worse than trot, and 35% bucked or
kicked out with a hindlimb during canter. In both Groups 1
and 2 clinical signs were seen in a significantly greater
proportion of horses during ridden work than lungeing
(P<0.0001). Following SI block, 98% of horses showed
dramatic improvement in clinical signs, including greater
overall movement through the trunk, increased hindlimb
impulsion and better quality canter. Abnormal RU in the SI
joint regions was seen in 85/180 (47%) horses. Of horses with
a positive response to SI block that underwent scintigraphy,
only 43% had abnormal RU. Per rectum ultrasonographic
examination of the SI joint region revealed abnormalities in
41/129 (32%) horses. Clinical signs of SI joint region pain are
worse when horses are ridden. Sacroiliac joint region
diagnostic analgesia is a useful, safe but nonspecific block.
Ultrasonography and scintigraphy can provide additional
information in some horses, but negative results do not
preclude SI joint region pain.

Introduction

The sacroiliac (SI) joints are atypical diarthroidal joints (Goff
et al. 2008) comprising the ventral aspect of the ilial wing,
which has a fibrocartilage surface, and the dorsal aspect of
the wing of the sacrum, which has a hyaline cartilage
surface (Dalin and Jeffcott 1986). They form the osseous
junction between the pelvis and the axial skeleton and are
involved in the transfer of propulsive forces from the hindlimbs

to the vertebral column (Denoix 1996). This may be achieved
via the interconnections of particularly the dorsal SI and
sacrotuberous ligaments and the related fasciae (Goff et al.
2008).

The joints are angled approximately 30° from the
horizontal and have a closely fitting joint capsule that is
supported ventrally by the ventral SI ligament (Dalin and
Jeffcott 1986). Dorsally the interosseous SI ligament runs
vertically between the ventral aspect of the wing of the ilium
and the dorsal aspect of the wing of the sacrum (Goff et al.
2008). The cranial gluteal and sciatic nerves lie
ventromedially to each SI joint.

The movement of the SI joints is complex and is restricted
by the tight joint capsule and ligaments. Three cadaver
studies have shown that the SI joints move minimally
(approximately 1–3°) (Goff et al. 2006) in all planes
(Degueurce et al. 2004; Goff et al. 2006; Haussler et al. 2009)
and that desmotomy of the dorsal SI and sacrotuberous
ligaments increases the sagittal and cranial range of motion
of the joints (Degueurce et al. 2004; Goff et al. 2006). The
greatest range of motion of the SI joint is for lateral and
oblique rotation of the ilium around the sacrum (lateral
2.56 � 0.29°; oblique 2.25 � 0.29°) (Goff et al. 2006).

Previous studies have described SI joint region pain
contributing to poor performance and/or hindlimb lameness
in horses (Jeffcott et al. 1985; Dyson and Murray 2003).
Clinical findings in 11 horses with suspected SI joint region
pain were described by Jeffcott et al. (1985); however, pain
arising from the distal aspect of the limb was not eliminated
using diagnostic analgesia. The clinical findings in 74 horses in
which other causes of poor performance or lameness had
been eliminated by appropriate local diagnostic analgesia
were described by Dyson and Murray (2003); 34 (46%) had
primary SI joint region pain and the remainder had
concurrent lameness and/or thoracolumbar pain. Seventy-
three (99%) horses had abnormal radiopharmaceutical
uptake (RU) in the SI joint region and 34/34 (100%) horses
had a positive response to infiltration of local anaesthetic
solution around the SI joint regions. However, it is recognised
that this analgesic technique is not specific for the SI joints,
and can influence closely related anatomical structures
(Dyson and Murray 2003; Engeli et al. 2004; Engeli and
Haussler 2012).

Abnormal RU in the SI joint region cannot be relied upon
alone for diagnosis because there is overlap in the pattern
and intensity of RU between asymptomatic horses and those
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with suspected SI joint region pathology (Dyson et al. 2003). It
has been suggested that variable patterns of RU may be the
result of variation in the shape of the sacrum (Gorgas et al.
2009), the degree of attenuation of radioactivity by the large
muscle volume and/or asymmetry of hindquarter musculature
(Erichsen et al. 2003).

A technique for per rectum ultrasonographic examination
of the lumbosacral region including the SI joint (Denoix et al.
2005; Bergman et al. 2013) and the appearance of the
lumbosacral joint in horses free from clinical signs of back
pain have been described (Nagy et al. 2010).

There have been no large-scale studies to evaluate the
clinical usefulness and safety of diagnostic analgesia in the
diagnosis of SI joint region pain or to describe the relative
incidence of SI joint region pain alone and in association with
concurrent lameness and/or thoracolumbar disease. The
purposes of this paper are to: 1) clarify the clinical features
associated with SI joint region pain in horses; and 2)
document the frequency of SI joint region pain alone, or in
association with thoracolumbar pain and/or concurrent
lameness.

Materials and methods

Case records of horses examined at the Animal Health Trust
(AHT) between January 2004 and August 2014 were reviewed
and horses with a positive response to infiltration of local
anaesthetic solution around the SI joints and/or abnormal RU
in the SI joint region were included. Age, breed, gender,
height, bodyweight, sports discipline, conformation, lame limb
(s), duration of lameness, relevant clinical signs, responses to
diagnostic analgesia and diagnostic imaging findings were
recorded.

A comprehensive clinical assessment was performed in all
horses and usually repeated on 2 successive days to
determine the consistency of clinical observations. Particular
attention was paid to the development, tone and symmetry
of the epaxial, pelvic and abdominal musculature, and
conformation of the thoracolumbosacral regions and
hindlimbs. The thoracolumbar region was palpated carefully
(Girodroux et al. 2009) and the presence of increased tension
in the epaxial musculature, the response to palpation
(including firm pressure applied to the tubera sacrale) and
assessment of thoracolumbar flexibility (flexion, extension and
lateral bending) were recorded. Gait evaluation (limb,
cervical, thoracolumbosacral and pelvic movements)
included assessment from the side, in front and behind in
straight lines on a firm surface, lungeing on soft (waxed sand
and rubber) and firm (rolled road planings) surfaces (trot and
canter [soft surface only] in 15 m diameter circles), and
ridden exercise. Horses were usually ridden by both the
normal rider and a member of the AHT staff, (trot and canter,
going around the perimeter of the arena [22 9 60 m] and
20 m [trot and canter] and 10 m diameter [trot] circles)
(Dyson 2013). Lameness was graded on a scale of 0–8 (0 =
sound, 2 = mild, 4 = moderate, 6 = severe, 8 = nonweight-
bearing) (Dyson 2011) under each circumstance in which the
horse was examined. The presence of a stiff, stilted canter
(lacking hindlimb impulsion, reduced flexion of both the
hindlimbs and the lumbosacral joint); becoming disunited in
canter; changing leading hindlimbs repeatedly in canter;
breaking spontaneously from canter to trot and unwillingness
to canter were recorded. Comparisons of the quality of the

horse’s gait on the lunge and ridden were documented (also
see the Glossary). Distal limb flexion tests of both forelimbs
and proximal limb flexion tests of both hindlimbs were each
performed for 60 s.

If clinical features were suggestive of thoracolumbar
region pain, comprehensive radiographic examination of the
thoracolumbar region was performed using lateral-lateral and
lateral 20° ventral-lateral dorsal oblique images (Butler et al.
2008). A nuclear scintigraphic examination of the
thoracolumbar and pelvic regions and hindlimbs was
performed. Bone phase images were acquired dynamically
using a 53 9 39 cm field of view gamma camera and
general purpose collimator, using a 128 9 128 matrix, 2.5 h
after injection of 99mtechnetium methylene diphosphonate
(1 GBq/100 kg bwt). A motion correction programme was
used to obtain static images.1 Abnormal RU in the SI joint
regions was defined as: asymmetrical RU between the left
and right sides and/or markedly increased RU, and/or
abnormal pattern of RU (Dyson et al. 2003). Ultrasonographic
examination of the caudoventral margin of the SI joint, the
ventral portion of the lumbosacral intervertebral disc, the
ventral margins of the L6 and S1 vertebral bodies at the
intervertebral disk space and the ventral margins of the
lumbar and lumbosacral intertransverse joints was performed
per rectum using a variable frequency (8–12 MHz) linear array
rectal transducer (LOGIQ e)2 (Denoix et al. 2005; Bergman
et al. 2013). Ultrasonographic abnormalities of the SI joint
region, lumbosacral disc, the ventral aspect of the vertebral
bodies of the lumbosacral joint and the lateral intertransverse
joints, and presence of sciatic nerve enlargement and
congenital sacralisation were recorded.

Diagnostic analgesia was performed in all horses to
localise pain causing lameness in all lame limbs (Bassage and
Ross 2010), with reassessment ridden unless dangerous to do
so. Subsequently local anaesthetic solution (2 9 12–15 ml
mepivacaine; Intra-Epicaine3) was infiltrated around the SI
joint regions (SI block) (Dyson and Murray 2003; Dyson 2008).
A subcutaneous bleb of local anaesthetic solution was
placed axial to the cranial margin of each tuber sacrale
through which a 15 cm 18 gauge spinal needle was inserted
and directed caudoventrally toward the caudal aspect of
the contralateral SI joint. The precise angle was dictated by
the space between the tubera sacrale, which varied among
horses, and the orientation of the spinous processes of the
sixth lumbar vertebra and sacrum. The needle was advanced
12–15 cm before injection. Horses were walked for 15 min
and reassessed ridden or occasionally on the lunge if ridden
exercise was not possible. A positive response was defined as
marked improvement (>50%) in the clinical signs outlined in
Table 2. The clinical significance of radiographic evidence of
impinging spinous processes was assessed using diagnostic
analgesia (Zimmerman et al. 2011a). If horses with
radiographic abnormalities of the thoracic or lumbar
vertebrae had shown a resolution of clinical signs following
the SI block, infiltration of local anaesthetic around the
vertebral lesions was not performed.

Horses were divided into 2 categories: SI joint region pain
alone (Group 1); SI joint region pain and lameness and/or
thoracolumbar pain (Group 2). The results of descriptive
statistics are presented to the nearest integer. Chi-squared
tests were used to assess the associations between group
and history, clinical signs and diagnostic imaging findings,
and to compare the clinical signs during lungeing and ridden
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work. A Chi-squared test was also used to assess the
proportions of horses with concurrent lameness and/or
thoracolumbar disease. All data analysis was carried out
using Microsoft Excel (2010) and Analyse it (2.26 Excel 12 +).
Statistical significance was set at P<0.05.

Results

Horses
There were 296 horses, 43 (14%) in Group 1 and 253 (86%) in
Group 2. The age, weight, height, sex, breed and work
discipline of the horses are summarised in Table 1.

History
Horses were presented for investigation of lameness or poor
performance. The duration of clinical signs was available for
274 horses and ranged from 0.5 to 84 months (mean
10 � 12 months, median 6 months). Thirty-six/296 (12%) horses
had a history of witnessed or suspected trauma (a fall or
major slip). A greater proportion in Group 1 (n = 10; 23%) had
suffered trauma compared with Group 2 (n = 26; 10%)
(P = 0.016).

Clinical findings
The clinical findings are summarised in Table 2. The majority of
clinical features occurred in a similar proportion of horses in
both groups. A greater proportion of horses in Group 1: had
an exaggerated response to vertical pressure applied to the
tubera sacrale (Group 1, n = 8/43, 19%; Group 2, n = 17/253,
7%; P = 0.001), demonstrated a bunny hop-like hindlimb gait
in canter when ridden (Group 1, n = 6/43, 14%; Group 2,
n = 7/253; 3%; P = 0.0003), or were not ridden because of
potentially dangerous behaviour (Group 1, n = 6/43, 14%;
Group 2, n = 5/253, 2%; P = 0.0001).

The horses’ gaits during ridden exercise were assessed in
285 horses; 11 horses were not ridden because of potentially
dangerous behaviour. Many clinical signs were more
apparent during ridden exercise compared with lunge work,
including: bucking in trot (lunge n = 3, 1%; ridden n = 17, 6%;
P = 0.001), bucking in canter (lunge n = 10, 4%; ridden n = 60,
21%; P<0.0001), kicking out behind (lunge n = 5, 2%; ridden
n = 47, 17%; P<0.0001), being reluctant to canter (lunge n = 9,
3%; ridden n = 33, 12%; P<0.0001), spontaneously breaking
from canter to trot (lunge n = 5, 2%; ridden n = 36, 13%;
P<0.0001), and having a stiff, stilted canter (lunge n = 30, 10%;
ridden n = 74, 26% P<0.0001).

Group 1, sacroiliac joint region pain in isolation, n = 43
Six horses (14%) had a history of being difficult to shoe behind
and 4 (9%) were reluctant to pick up a hindlimb and stand
on the contralateral limb. There was increased tension in the
longissimus dorsi muscles in 17 (40%) horses and pain on
palpation of the caudal thoracic and lumbar epaxial muscles
in 5 (12%). There was limited flexibility of the thoracolumbar
region in 19 (44%) horses, with extension and lateral bending
being principally affected; 8 (19%) became agitated when
stimulated to flex and extend the thoracolumbar region. The
thoracolumbar region was poorly muscled in 12 (28%),
especially in the lumbar region resulting in prominence of the
summits of the lumbar spinous processes (Fig 1a,b). The
tubera sacrale were higher than the withers in 4 (9%; Fig 1c).
During exercise 26 (61%) demonstrated a stiff trunk. Nine
(21%) horses moved closely or plaited behind at walk and
trot. In hand 12 (29%) horses moved with poor hindlimb
impulsion compared to 13 (31%) horses on the lunge and 20/
37 (54%) horses when ridden.

Of the 37 horses evaluated ridden, 24 (65%) horses had a
poor quality contact with the bit, tending to be above the

TABLE 1: Summary of the case details of 296 horses with sacroiliac joint region pain

All
n = 296 (%)

SI
n = 43 (%)

SI + other
n = 253 (%)

Mean age � s.d. (years) 9 � 3 8.8 � 3.3 9 � 3
Median age (years) 8 8 9
Mean weight � s.d. (kg) 574 � 60.0 578 � 57.2 574 � 60.7
Median weight (kg) 574 570 574
Mean height � s.d. * (cm) 165 � 7.0 165.9 � 6.7 164 � 7.0
Median height* (cm) 165 165 165

Sex Gelding 205 (69) 34 (79) 171 (68)
Mare 84 (28) 9 (21) 75 (30)
Stallion 7 (2) 0 7 (3)

Breed Warmblood 158 (53) 21 (49) 137 (54)
Warmblood cross† 15 (5) 4 (9) 11 (4)
Thoroughbred 23 (8) 5 (12) 18 (7)
Thoroughbred cross 28 (10) 4 (9) 24 (10)
Irish Sports Horse 27 (9) 3 (7) 24 (10)
Pony breed 9 (3) 1 (2) 8 (3)
Other 36 (12) 5 (12) 31 (12)

Work discipline Dressage 104 (35) 16 (37) 88 (35)
Eventing 75 (25) 16 (37) 59 (23)
Showjumping 33 (11) 2 (5) 31 (12)
Racing 1 (<1) 0 1 (<1)
General purpose‡ 83 (28) 9 (2) 74 (2)

SI, sacroiliac joint region pain alone; SI + other, sacroiliac joint region pain and other source(s) of pain contributing to lameness.
* Height = height at withers; information regarding height was missing for 5 horses from SI + other.
†Warmblood cross included Warmblood cross Thoroughbred.
‡General purpose includes horses used for unaffiliated competition. Percentages are presented as integers.
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bit (Fig 2a,b). The quality of canter was worse than trot in the
majority (30, 81%). The canter was often stiff and stilted when
ridden (Fig 3; n = 10, 27%); 6 (16%) horses refused to go
forwards and 6 (16%) would spontaneously come to an
abrupt stop (Fig 2c). Five (14%) horses bucked in trot; 10
(27%) bucked in canter (Fig 4a) and 8 (22%) kicked out
behind (Fig 4b,c). One (3%) horse struggled with flying
changes, 5 (14%) stiffened and lost rhythm during lateral
work, 3 (8%) resented being ridden in sitting trot and 2 (5%)
broke from trot to canter instead of increasing hindlimb
engagement. There was a general reluctance to go forwards

in 17 (46%) horses, although 4 (11%) horses were excessively
strong and tense. Five horses showed a unilateral hindlimb
lameness (range 1–4/8; median 2), which was abolished by SI
block.

Group 2, SI pain and concurrent sources of pain, n = 253
Two hundred and fifty-three horses had concurrent problems:
hindlimb lameness (n = 97, 38%); forelimb and hindlimb
lameness (n = 60, 24%); thoracolumbar pain and forelimb
and/or hindlimb lameness (n = 54, 21%); thoracolumbar pain
(n = 28, 11%); forelimb lameness (n = 13, 5%); and ataxia

TABLE 2: Summary of the clinical examination findings for 296 horses with sacroiliac joint region pain

All
n = 296 (%)

SI only
n = 43 (%)

SI + other
n = 253 (%)

Clinical examinationat rest Pain on palpation of back 28 (10) 5 (12) 23 (9)
Tension in longissimus dorsi m. (rest) 79 (27) 15 (35) 64 (25)
Tension in longissimus dorsi m. (induced by palpation) 49 (16) 5 (12) 44 (17)
Exaggerated response to pressure applied over tubera sacrale 25 (8) 8 (19) 17 (7)
Limited flexibility of thoracolumbar region 131 (44) 19 (44) 112 (44)
Prominent tubera sacrale 26 (9) 4 (9) 22 (9)
Prominent spinous processes (thoracic) 14 (5) 3 (7) 11 (4)
Prominent spinous processes (lumbar) 32 (11) 6 (14) 26 (10)
Poor thoracolumbar musculature 83 (28) 12 (28) 71 (28)
Tubera sacrale asymmetry 37 (13) 4 (9) 33 (13)
Tubera coxae asymmetry 2 (1) 0 2 (1)
Tubera ischia asymmetry 2 (1) 0 2 (1)
Asymmetry of the hind quarter musculature 73 (25) 9 (21) 64 (25)
Tubera sacrale higher than the withers 32 (11) 4 (9) 28 (11)
Lordotic conformation or posture 22 (7) 1 (2) 21 (8)
Reluctance to flex the hindlimbs/stand on one hindlimb 27 (9) 4 (9) 23 (9)

In hand Moves closely behind 51 (17) 7 (16) 44 (17)
Plaiting-like gait behind 8 (3) 2 (5) 6 (2)
Moves widely behind 18 (6) 4 (9) 14 (6)
Positive left hindlimb flexion 89 (30) 11 (26) 78 (31)
Positive right hindlimb flexion 57 (19) 7 (16) 50 (20)
Unable to perform hindlimb flexion 12 (4) 1 (2) 11 (4)

Lunge Bucking in trot 3 (1) 0 3 (1)
Bucking in canter 10 (4) 3 (7) 7 (3)
Kicking out with hindlimb(s) 5 (2) 1 (2) 4 (2)
Bunny hopping in canter 15 (5) 3 (7) 12 (5)
Changing behind in canter 48 (16) 8 (19) 40 (16)
Reluctant to canter 9 (3) 1 (2) 8 (3)
Canter worse than trot 2 (1) 0 2 (1)
Breaking from canter to trot 5 (2) 0 5 (2)
Canter stiff and stilted 30 (10) 7 (16) 23 (9)

Ridden* Not ridden 11 (4) 6 (14) 5 (2)
Bucking in trot 17 (6) 5 (14) 12 (5)
Bucking in canter 60 (21) 10 (27) 51 (20)
Kicking out hindlimbs 47 (17) 8 (22) 39 (15)
Bunny hopping in canter 13 (5) 6 (16) 7 (3)
Changing behind in canter 36 (13) 8 (22) 28 (1)
Reluctant to canter 32 (11) 7 (19) 25 (10)
Canter worse than trot 200 (73) 30 (81) 170 (69)
Breaking from canter to trot 36 (13) 7 (19) 29 (12)
Canter stiff and stilted 74 (26) 10 (27) 64 (25)
Crooked 79 (28) 11 (30) 68 (26)
Poor contact � above the bit 156 (55) 24 (65) 132 (52)

General Poor hindlimb impulsion 200 (68) 24 (56) 176 (70)
Poor downwards transitions 29 (98) 3 (7) 26 (10)
Reluctance to go forwards 91 (31) 17 (40) 74 (29)
Poor flexibility of the trunk during exercise 176 (60) 26 (61) 150 (59)
Four-time canter 33 (11) 3 (7) 30 (12)

SI, sacroiliac joint region pain only; SI + other, sacroiliac joint region pain and other source(s) of pain contributing to lameness.
* Only 285 horses were assessed ridden (37 in SI and 248 in SI + other). Percentages are presented as integers.
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(n = 1, 0.4%). Significantly more horses had SI pain in
association with hindlimb lameness compared with SI joint
region pain in association with: thoracolumbar pain
(P<0.0001), thoracolumbar pain and lameness (P = 0.0002),
forelimb lameness (P<0.0001), and forelimb and hindlimb
lameness (P = 0.0006).

Concurrent lameness was present in 224/253 (89%) horses.
Hindlimb lameness was observed in 203/253 (80%) horses
(183/203 [90%] bilateral; 20/203 [10%] unilateral). Proximal
suspensory desmopathy was identified in 181/203 (89% [94%
bilateral; 6% unilateral]). Forelimb lameness was observed in
102/253 (40%) of all horses (50/102 [49%] bilateral; 52/102
[51%] unilateral). Pain localised to the digit contributed to
forelimb lameness in 78/102 (77%) horses. Eighty-one of 253
(32%) horses had a concurrent forelimb and hindlimb
lameness.

Of 224 lame horses, 54 (24%) also had thoracolumbar
region pain. A significantly greater proportion of horses had SI
joint region pain, concurrent thoracolumbar pain and

lameness compared with SI joint region pain and concurrent
thoracolumbar pain (P = 0.002). Significantly more horses had
SI joint region pain and a concurrent hindlimb and forelimb
lameness than SI joint region pain and concurrent
thoracolumbar pain (P = 0.0002).

Response to infiltration of local anaesthetic around the
SI joint region
Infiltration of local anaesthetic solution around the SI joints
was performed in 284 (96%) horses and a marked
improvement in their gait and quality of work was observed
in 281 (98%; Table 3). In 2 horses, local anaesthetic solution
could only be infiltrated around one SI joint because of their
difficult behaviour. One horse could not be reassessed
because of transient mild hindlimb ataxia, but had abnormal
scintigraphic findings. A second horse developed mild
hindlimb ataxia, but showed clinical improvement when the
SI block was repeated the following day. Two additional
horses also experienced mild hindlimb ataxia following SI

a) b) c)

Fig 1: Three horses with sacroiliac joint region pain. Note the prominence of the tubera sacrale. a) There is atrophy of the middle
gluteal muscles resulting in prominence of the summits of the lumbar spinous processes. The horse, which has good abdominal muscle
tone, had developed this within a few weeks. b) There is atrophy of the middle gluteal muscles resulting in prominence of the summits
of the lumbar spinous processes. In contrast to (a) there is poor abdominal muscle tone. c) The tubera sacrale are considerably higher
than the withers. Note also that the horse tends to stand with the hindlimbs unusually far underneath the body.

a) b) c)

Fig 2: Three horses with sacroiliac joint region pain showing evasions. a) The horse is above the bit, has its tongue out to the right and
is unwilling to go and sporadically spun to the right. b) The horse is above the bit, has its mouth open and is crooked. c) The horse has
stopped and is refusing to go to the left.

© 2015 EVJ Ltd

641EQUINE VETERINARY EDUCATION / AE / DECEMBER 2015



block, but were not included in this study because despite
typical clinical signs SI joint region pain was not confirmed by
diagnostic analgesia or scintigraphy, or scintigraphy was not
performed.

Scintigraphic findings
Nuclear scintigraphy was performed in 180/296 (61%) horses.
Abnormal RU in the region of the SI joints was present in 85/
180 (47%) horses (Fig 5). A positive response to SI block and
abnormal RU in the SI joint regions was seen in 72/167 (43%)

horses that had both SI block and scintigraphy. There was no
significant difference in the number of horses having
abnormal RU in Groups 1 and 2.

Thoracolumbar radiographs
Comprehensive radiographic examination of the
thoracolumbar region was performed in 181/296 (61%) horses.
Detectable radiological abnormalities (Girodroux et al. 2009;
Zimmerman et al. 2011b) were seen in 124/181 (69%).
However, these were considered significant and likely to be

a)

c)

b)

d) Fig 3: A horse with sacroiliac joint
region pain in canter to the right (a
and b) and canter to the left (c
and d) showing a stiff, stilted
canter. The horse is on the
forehand and croup high,
especially in (d). The hindlimbs
were placed closer together on the
left rein compared with the right
when viewed from the side. The
horse was also crooked in the
trunk, with quarters in and felt very
jarry (i.e. there was a high impact
transmitted through the rider’s seat
and back). The horse also had a
short stepping, stiff trot.

a) b) c)

Fig 4: Three horses with sacroiliac joint region pain that episodically but repeatedly bucked in canter, with a tendency to kick out
behind. The riders did not feel that the horses were trying to buck them off. a) When not bucking this horse had a 4-time canter and
tended to change legs behind; bunny hopping often preceded bucking. b) The horse repeatedly kicked back with the right hindlimb
more than the left. c) The horse only kicked back with the left hindlimb.
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causing pain in only 81/124 (66%). Horses were considered to
have nonsignificant radiological abnormalities (n = 43/124;
35%) if there was a negative response to local analgesia of
the spinous processes (n = 1) or enlarged articular process
joints (APJs; n = 1), or if there was abolition of clinical signs
after SI joint block (41/124; 33%). Of the 43 horses with
radiological changes not thought to be associated with
current pain, 27 (63%) had abnormalities of the spinous
processes � caudal thoracic APJs and 16 (37.2%) only had
abnormalities of the APJs.

Per rectum ultrasonographic examination of the SI joint
region
Ultrasonographic examination of the lumbosacral and SI
joint regions was performed per rectum in 129/296 (44%)
horses. Abnormalities were detected in 41/129 (32%) horses
(Table 4; Figs 6 and 7). There was no significant difference in
presence of ultrasonographic abnormalities between Groups
1 and 2.

Discussion

To date this is the largest study of horses with SI joint region
pain supported by a positive response to diagnostic
analgesia of the SI joint regions and/or abnormal RU. The
presence of clinical signs that are most severe when ridden,
the quality of the canter worse than the trot and trunk
stiffness are suggestive of SI joint region pain, especially if
combined with characteristic bucks. Warmblood horses were
over represented, as previously reported (Dyson and Murray
2003), which probably reflects the high proportion of
dressage and showjumping horses. The duration of clinical
signs varied widely. This may be because there is a slow,
insidious onset of poor performance, which may be
misinterpreted as training or behaviour related, and the
inability of riders and trainers to recognise gait abnormalities
(Greve and Dyson 2013, 2015). Retrospectively, many riders
realised that clinical signs long predated their recognition.

In accordance with previous observations (Dyson and
Murray 2003), clinical signs were worse ridden compared with
in hand or on the lunge. Addition of the weight of the saddle
and the rider are likely to influence the way a horse moves
(De Cocq et al. 2004; Fruehwirth et al. 2004). Thoracolumbar-
sacral extension increases and flexion decreases when the
thoracic region is loaded (De Cocq et al. 2004). Overall
range of motion of the thoracolumbar spine may be less with
a rider compared with a saddle alone (Fruehwirth et al.
2004). There is preliminary evidence that horses carrying load
at trot show increased lumbosacral joint motion compared
with unloaded (Valentin et al. 2010). Such changes may
influence the biomechanical function of the SI joints, and
alter stress on the supporting ligaments, muscles and fasciae,
exacerbating pain. The tendency to come above the bit, as
observed frequently in the current study, is likely to reduce
back motion, because thoracolumbar-sacral movement is
highly influenced by head and neck position (Rhodin et al.
2005), creating a potential vicious circle.

Other important features suggestive of SI joint region pain
included canter quality that is worse than trot; and bucking
and kicking out especially in canter. Bunny-hopping type
canter, being on the forehand and croup high, or a stiff,
stilted canter, changing legs behind, spontaneously breaking
from canter to trot and being reluctant to canter were
commonly observed in horses in both groups, despite
resolution of concurrent lameness in Group 2. Reduced
protraction of the hindlimbs and a croup high posture are
presumably strategies to minimise pain. Clinical signs may be
more prevalent at the canter because of the 3-beat
asymmetrical gait resulting in one hindlimb weightbearing
alone for a portion of the stride cycle (Back et al. 1997). This
may increase pain compared with walk and trot, both
symmetrical gaits. There is also maximal flexion/extension
motion in the lumbosacral region in canter compared with
walk and trot (Faber et al. 2001), which may exacerbate
pain. These clinical signs were dramatically improved by SI
joint block, supporting their association with SI joint region
pain. In some horses the quality of canter was consistently
worse on one rein (e.g. left rein) compared with the other
(e.g. right rein), which may reflect asymmetrical pain. Horses
were less likely to change their hindlimbs and become
disunited in ridden canter compared with on the lunge,
perhaps because the rider is able to balance the horse
better and maintain the correct canter lead. Although not

TABLE 3: Summary of the gait changes seen following infiltration
of local anaesthetic solution around the sacroiliac joint regions (SI
block) in 286 horses with sacroiliac joint region pain. Percentages
(in brackets) are calculated based on the number of horses that
had a positive response (>50% improvement in clinical signs) to
diagnostic analgesia, and are presented as integers

Positive response to analgesia* 281 (98)

Unable to interpret because of ataxia 1 (<1)
Improved canter 185/193† (96)
Improved contact 145/153 (95)
Increased hindlimb impulsion 179/191 (94)
Decreased bucking and kicking out 57/69 (83)
Reduced trunk stiffness 139/168 (83)
Forelimb lameness reduced 2/107 (2)
Hindlimb lameness reduced 19/220 (9)

* Overall improvement was based on a global assessment of the
gait abnormalities itemised in Table 2.
† The denominator represents the number of horses present with
this gait abnormality prior to SI block. The numerator represents
the number of horses who showed a notable improvement in this
gait abnormality following sacroiliac joint region block.

a) b)

Fig 5: Dorsal scintigraphic images of the pelvis illustrating
increased radiopharmaceutical uptake in the region of the
sacroiliac joints in 2 horses. Cranial is to the top and left is to the
left. In (b) there is a more diffuse area of increased
radiopharmaceutical uptake on the left side compared with the
right. Both horses showed substantial improvement in
performance after infiltration of local anaesthetic solution around
the sacroiliac joints.
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analysed in the current study, some horses with SI joint region
pain intermittently, transiently scoot forwards at any gait, as if
experiencing sharp pain (S. Dyson, unpublished data). This
behaviour is abolished by SI joint block.

In Group 1, unilateral hindlimb lameness was present in 5
ridden horses, which subsequently resolved following SI joint
block. Fourteen horses in Group 2 had residual lameness
after distal limb nerve blocks, which was eliminated by the
SI block. This indicates that occasionally unilateral lameness
may be associated with SI joint region pain alone and SI
joint region diagnostic analgesia may be indicated in

horses in which distal limb nerve blocks fail to resolve
lameness.

Poor hindlimb impulsion, thoracolumbosacral stiffness and
a tendency to be above the bit were common nonspecific
features, which were resolved by local analgesia of the SI
joint region. Distinguishing primary thoracolumbar pain can
be challenging because, as shown in this study, many horses
with SI joint region pain have atrophy of the epaxial muscles
(usually symmetrical), especially in the lumbar region
(longissimus dorsi and middle gluteal muscles), pain on
palpation of the caudal thoracic and lumbar epaxial muscles
� fascia (symmetrical or asymmetrical, depending on the
presence of factors such as left-right symmetry of SI joint
region pain, lameness, saddle fit and rider crookedness/
straightness) and thoracolumbar-sacral stiffness. The latter is
manifest particularly as limited induced extension and lateral
bending at rest, especially in the caudal thoracic and lumbar
regions, and reduced lumbosacral flexion during dynamic
examination, especially when ridden. Moreover pain
associated with impinging spinous processes or osteoarthritis
of the thoracolumbar APJs may coexist. In some horses with SI
joint region pain the development of epaxial muscle atrophy
has been recognised to occur quickly, over 2 weeks to a
month. This rapid lumbar muscle atrophy may be the result of
changes in muscle recruitment due to SI joint region pain, as
is evident in man (Hungerford et al. 2003).

Approximately 10% of horses had abnormal static
conformation with the tubera sacrale higher than the withers,
thus these horses were out of balance (Ross et al. 2010) and
likely to have difficulties in engaging the hindlimbs. Whether

TABLE 4: Abnormalities detected on per rectum ultrasonographic
examination of 129 horses

Number

Abnormalities of the ventral aspect of the LS
intervertebral disc

18

Loss of the LS joint disc space * 9
Abnormalities associated with L5 and L6* 6
Modelling of SI joint and other abnormality 6
Modelling of the lumbar and LS intertransverse joints 5
Modelling of the ventral aspects of the vertebral
bodies at the intervertebral disc space

4

Sciatic nerve enlargement 4
Modelling of caudal margins of SI joint 3

SI, sacroiliac joint; LS, lumbosacral; L5, 5th lumbar vertebra; L6, 6th
lumbar vertebra.
* Four horses with loss of the lumbosacral joint disc space had
enlargement of the joint between L5 and L6.

a) b)

Fig 6: Transrectal ultrasonographic images of the lumbosacral joint acquired using a 10 MHz linear transducer placed on the ventral
aspect of the vertebral column. Cranial is to the left and ventral is to the top. a) Congenital sacralisation of the lumbosacral joint
(arrow). b) An abnormal lumbosacral intervertebral disc. There is a large anechogenic lesion (arrow), which persisted however the
transducer was orientated.

a) b)

Fig 7: Transrectal ultrasonographic images of the left (a) and right (b) sacroiliac joints. Ventral is to the top and cranial is to the left.
There is extensive periarticular new bone on the ventral aspect of the right sacroiliac joint (arrow).

© 2015 EVJ Ltd

644 EQUINE VETERINARY EDUCATION / AE / DECEMBER 2015



such conformation predisposes to the development of SI joint
region pain deserves further investigation. Approximately 9%
of horses were reluctant to stand on one hindlimb with the
other hindlimb flexed. We believe that this probably reflects
rotation of the pelvis and asymmetric loading of the SI joints
and supporting ligaments inducing joint torque, altered shear
forces and pain. Asymmetric force distribution may also be
the reason for lateral work exacerbating pain when ridden.

The majority of horses in the current study had SI joint
region pain and hindlimb lameness, a high proportion of
which had hindlimb proximal suspensory desmopathy, as
previously documented (Dyson and Murray 2003, 2011).
Although clear improvement in baseline lameness in hand
was seen in some horses after perineural analgesia of the
deep branch of the lateral plantar nerve, ridden exercise
highlighted the presence of a significant component of
residual pain, sometimes paradoxically worse after abolition
of the baseline lameness. This emphasises the crucial
importance of ridden exercise in both trot and canter when
assessing lameness and poor performance. The
biomechanical function of the SI joints in the horse is poorly
understood; hindlimb lameness is presumed to alter loading
of the joints but the mechanisms whereby this occurs are
currently unknown (Goff et al. 2008).

Eighty-one horses had SI joint region pain in association
with thoracolumbar pain, 67% of which also had concurrent
lameness. Concurrent hindlimb lameness and thoracolumbar
pain have been reported previously (Zimmerman et al.
2011a,b). Hindlimb lameness alters movement of the back
(Gomez Alvarez et al. 2008) and horses with concurrent
lameness and/or thoracolumbar pain may be more likely to
develop SI joint region pain due to compensatory gait
alterations (Buchner et al. 1996). Experimentally induced
unilateral hindlimb lameness resulted in reduced force
transferred through the lame limb and increased force
through the contralateral limb (Weishaupt et al. 2004), which
may alter forces transmitted via the SI joints. Sports horses with
palpable indications of thoracolumbar pain have been
shown to have decreased range of dorsoventral flexion and
extension at the walk and trot in addition to reduced axial
rotation and increased lateral bend at the walk when
compared to asymptomatic sports horses (Wennerstrand
et al. 2004). These adaptations could convey abnormal
loading through the SI joint region resulting in pain.

The technique used to infiltrate local anaesthetic solution
around the SI joints was well-tolerated, safe and effective, as
previously demonstrated (Dyson and Murray 2003). Two
horses experienced transient ataxia following SI block in
addition to 2 other horses in the study period which were
excluded because the block could not be interpreted and
scintigraphy was negative or not performed. A post mortem
study demonstrated that haemorrhage is not associated with
needle placement periarticular to the SI joint (Engeli et al.
2004). Ultrasound-guided injection of the SI joint region has
been described (Denoix and Jacquet 2008); however, the
cranial approach is effectively blind once the needle has
passed under the ilial wing and the caudal approach risks
damage to neurovascular structures (Engeli and Haussler
2004, 2012) and sciatic nerve paralysis. The dramatic clinical
improvements following SI block demonstrate the high level
of discomfort experienced by many horses with SI joint
region pain. The technique described is a periarticular
technique and not specific for the SI joint; other local

structures may be affected. Methylene blue injected in the
SI joint region tracked forward to the lumbosacral joint
(Dyson and Murray 2003). Since many horses with chronic
pain respond poorly to local medication of the SI joints
(Dyson 2008), the response to local analgesia is of far more
value diagnostically than assessing the response to
treatment. However, occasionally there are false negative
responses to an SI block. During the study period one horse
with clinical signs typical of SI joint region pain did not
respond to local analgesia, but at post mortem examination
had extensive degenerative pathological abnormalities of
the SI joints, in addition to asymmetry and slight
malalignment of the lumbar APJs (S. Dyson, unpublished
data). Only 42% of horses that had a positive response to SI
block and underwent scintigraphy had abnormal RU. Thus
scintigraphy alone is unreliable for the diagnosis of SI joint
region pain.

Sacroiliac joint region pain was seen in conjunction with
sacralisation of the lumbosacral joint in 7% of horses
examined ultrasonographically in the current study, but
sacralisation was not observed in 43 sports horses with no
history or clinical evidence of thoracolumbar-sacral pain or
hindlimb lameness (Nagy et al. 2010). The lumbosacral joint is
the most mobile joint in the horse’s thoracolumbar-sacral
vertebral column (Denoix 1999; Haussler et al. 2001) and
movement through the SI joint is linked with lumbosacral joint
movement (Degueurce et al. 2004). It is possible that
congenital sacralisation or acquired fusion of the
lumbosacral joint could alter the biomechanical function of
the vertebral column in this region; joint movement increases
in the joints either side of a fused joint, which may predispose
to injury (Denoix 1998). Lumbosacral disc lesions were also
identified in 14% of horses examined ultrasonographically,
which were more severe than those described in
asymptomatic horses (Nagy et al. 2010); because of the
nonspecificity of the SI block it is not possible to determine
definitively the primary source of pain. Evaluation of the SI
joint is limited to the caudoventral aspect therefore lesions
affecting the dorsal surfaces will not be visualised (Bergman
et al. 2013). The angulation of the SI joints makes obtaining
images of diagnostic quality challenging because of
difficulties with appropriate orientation of the transducer
(Bergman et al. 2013). Currently there is limited information to
link the ultrasonographic appearance of the SI joint region
with clinical signs. In the current study, periarticular new bone
was identified on the caudal margin of the SI joint. In a
previous study, one-third of 462 horses with signs of poor
performance had abnormalities of the SI joints detected
using transrectal ultrasonography, but pain was not localised
to this region using diagnostic analgesia and information
about clinical features was not available (Bergman et al.
2013).

This study was limited to a referral population of horses so
the results may not be typical of the general equine
population. Not all horses underwent scintigraphy and
ultrasonography per rectum due to financial constraints.
Radiological abnormalities of the thoracolumbar vertebrae
were considered unlikely to be currently contributing to pain
if the horse showed a substantial improvement in gait and
performance following SI block. However, we cannot state
categorically that further improvement might not have been
seen following local analgesia of the thoracolumbar lesions.
Biomechanical dysfunction of the back associated with such
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lesions may have predisposed to the development of SI joint
region pain.

In conclusion, the clinical signs attributed to SI joint region
pain are worst in ridden horses and it is therefore
recommended that horses with poor performance should be
evaluated ridden whenever safe to do so. Clinical signs of SI
joint region pain can be dramatically reduced following
diagnostic analgesia, which is a safe but nonspecific block.
The use of ultrasonography and nuclear scintigraphy in
conjunction with an SI block can provide additional
information in some horses.
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Glossary

Above the bit: The cranial aspect of the head is in front of
the vertical, with reduced flexion of the cranial cervical
vertebrae, and, when extreme, the cranial aspect of the
head is almost horizontal with extension of both cranial and
caudal cervical vertebrae. As a consequence there will be
reduced flexion of the thoracolumbar-sacral regions.

Disunited canter (‘cross-cantering’): The horse changes the
leading and trailing hindlimbs but not the forelimbs. Thus in
left lead canter the left hindlimb is placed to the ground first
(instead of the right hindlimb) followed by the right hindlimb
and right forelimb more or less together, followed by the
leading left forelimb.

Engagement of the hindlimbs: The hindlimbs are flexed and
protracted under the body, with flexion of the lumbosacral
joint, so that the hindlimbs can carry more load than the
forelimbs.

Flying change: The horse changes from canter with one
forelimb leading (e.g. right forelimb) to canter with the other
forelimb leading (e.g. left forelimb) during the suspension
phase of the stride.

Four time canter: Normal canter is a 3-beat gait. The gait
becomes 4 time because of disassociation of landing of the
diagonal placement of the trailing forelimb and leading
hindlimb. For example, in left lead canter which is initiated by
the right hindlimb, followed by the left hind and right
forelimbs bearing weight simultaneously and finally the
leading left forelimb, landing of the left hindlimb and right
forelimb is disassociated, thus the beat becomes 4 time not 3

time. The hindlimbs are often placed closer together both
temporally and spatially, when viewed from the side,
compared with normal.

Hindlimb impulsion: The hindlimbs generate forward and
upward thrust, propelling the horse forward in an energetic
powerful manner.

Lateral work: In all lateral movements (shoulder in, renvers,
travers and half pass) the horse is bent through its body and
moves the forehand and hindquarters on 2 different tracks,
usually increasing torque.

On the bit: A horse is said to be on the bit when the hocks are
correctly placed, and the neck is more or less raised and
arched according to the stage of training and the collection or
extension of the pace, and it accepts the bridle with a light
and soft contact and submissiveness throughout. The head
should remain in a steady position, with the cranial aspect
vertical or slightly in front of the vertical, with a supple poll at the
highest point of the neck, and no resistance should be offered
to the rider. Thus the cranial cervical vertebrae are in flexion.

On the forehand: The horse’s centre of gravity is too far
forward and the horse is disproportionately loading the
forelimbs compared with the hindlimbs.

Poor quality contact with the bit: The horse takes an uneven
contact via the bit and reins to the rider’s hands, and/or
leans on the bit, and/or opens the mouth. The mouth is
usually dry without obvious salivation. The horse has
reduced responsiveness to rein aids.

Stiff, stilted canter: Canter lacking hindlimb impulsion, with
reduced flexion of both the hindlimbs and the lumbosacral
joint. The hindlimbs are often placed closed together when
viewed from the side than normal
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Summary
Limited information exists on distribution of local anaesthetic
solution following palmar digital nerve blocks. The aim of this
study was to demonstrate potential distribution of local
anaesthetic solution following perineural injection of the
palmar digital nerves using 2 different volumes of contrast
medium and 2 different injections sites. Twelve mature horses
were used. Perineural injection of the palmar digital nerves
were performed at the level of or 2 cm proximal to the
proximal aspect of the ipsilateral ungular cartilage, using 1.5
or 2.5 ml radiopaque contrast medium. In total, 96 injections
were performed. Four standard radiographic views of the
pastern were obtained immediately after injections and 10
and 20 min later. Images were analysed subjectively and
objectively. After distal injections, the contrast medium was
more localised around the injection site; after proximal
injections the contrast patch had greater proximal–distal
length. The greatest proximal diffusion was to 31.7% of the
length of the proximal phalanx (from the level of the proximal
interphalangeal joint) after distal injections and to 70% after
proximal injections. The larger volume resulted in significantly
greater proximal diffusion than the smaller volume at the
distal, but not at the proximal injection site (P<0.01). There
was significant proximal diffusion with time after proximal and
distal injections (P<0.01). In most limbs, numerous radiopaque
lines of various thickness extended proximally from the
contrast patches; subjectively, their number and thickness
were greater at the distal injection site. In conclusion, palmar
digital nerve blocks at the level of the ungular cartilage using
≤2.5 ml local anaesthetic solution may improve proximal
interphalangeal joint and pastern region pain. If using a more
proximal site, distal fetlock region pain may be improved.
Due to diffusion into lymphatic vessels, too small a volume at
the distal injection site may not provide sufficient analgesia.

Introduction

Palmar digital nerve blocks were traditionally thought to
desensitise the palmar aspect of the foot. Research and
clinical experience have shown that perineural analgesia of
the palmar digital nerves can also influence solar pain
(Schumacher et al. 2000), pain arising from the distal
interphalangeal (Easter et al. 2000) and proximal
interphalangeal (PIP) joints (Schumacher et al. 2004), the
pastern and even the fetlock region (Contino et al. 2012).

Lameness textbooks recommend injection of 1–2 ml local
anaesthetic solution just proximal to the ungular cartilages for
palmar digital nerve blocks (Bassage and Ross 2010; Baxter
and Stashak 2011). Personal communications also indicate

that there is variation among clinicians in the volume and
injection site used; many use a smaller amount (1–1.5 ml) due
to the concern of proximal diffusion, while some use a
greater amount (2.5–3 ml) to ensure complete analgesia of
the nerve. A previous study established that palmar digital
nerve blocks performed at different levels of the pastern
region have varying effects on PIP joint pain (Schumacher
et al. 2004). To our knowledge, the effect of different volumes
used for perineural injection of the palmar digital nerves or
the actual distribution of the injected material have not been
assessed. Radiodense contrast medium has been used to
investigate potential distribution of local anaesthetic solution
following palmar (Nagy et al. 2009), low 4-point (Nagy et al.
2010; Seabaugh et al. 2011), subcarpal (Nagy et al. 2012)
and subtarsal (Contino et al. 2015) nerve blocks and results
have supported clinical observations of potential diffusion of
local anaesthetic solution.

The aim of this study was to demonstrate potential
distribution of local anaesthetic solution following perineural
injection of the palmar digital nerves, using 2 different
volumes of contrast medium injected at 2 different sites. We
hypothesised that there would be greater proximal diffusion
after injection of the larger than of the smaller volume of
contrast medium and after injection at the proximal injection
site than after injection at the distal site.

Material and methods

Twelve mature client-owned horses with no current
lameness were included in the study. A written informed
consent had been obtained from the clients. There were 7
Thoroughbred racehorses and 5 Arabian horses used for
endurance riding. Physical restraint (nose twitch or lip chain)
was used when necessary; no horses were sedated for the
procedure.

The injection sites were thoroughly cleaned with
chlorhexidine followed by a final alcohol wipe. Horses were
randomly selected for the proximal or distal injection site.
Both medial and lateral sides of both forelimbs of all horses
were injected on 2 separate days. On each side of each
limb, one proximal and one distal injection were performed,
using either 1.5 or 2.5 ml contrast medium, which resulted in
24 injections (sites) in each of the 4 possible site-volume
combinations. On Day 1, 1.5 ml contrast medium (iohexol
300 mg iodine/ml)1 was injected subcutaneously over the
medial palmar digital nerve of the left forelimb, using a 23
gauge 1.6 cm needle. The needle pointed distally and was
inserted either at the level of the proximal aspect of the
ipsilateral ungular cartilage (distal injection site) or 2 cm
proximal (measured with a ruler) to the proximal aspect of
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the ungular cartilage (proximal injection site). The needle was
inserted to the hub for all injections and, when possible, it
was placed parallel to the neurovascular bundle. At the
distal injection site, due to the shape of the cartilage of the
foot, it was not always possible to ascertain whether the
needle remained parallel to the neurovascular bundle. In
the same limb, 2.5 ml contrast medium was injected over
the lateral palmar digital nerve at the same level at which
the medial injection had been performed. In the right
forelimb, 2.5 ml contrast medium was injected over the
medial palmar nerve at the other injection site than was
used in the left forelimb (i.e. if distal injection was
performed in the left forelimb, the proximal site was
injected in the right forelimb and vice versa), and 1.5 ml
contrast medium was injected over the lateral palmar nerve
at the same level as the medial injection. On Day 2, the
same volume was used on each side of each limb, but the
site other than that used on Day 1 was injected (i.e. if distal
injection was performed on Day 1, then the proximal site
was injected on Day 2 and vice versa). All injections were
performed by the same clinician (R.M.) with the limb held
off the ground. Forty-eight hours elapsed between injections
performed on Days 1 and 2.

The right forelimb was injected immediately after the left
forelimb. Lateromedial, dorsopalmar (DPa), dorsolateral-
palmaromedial and dorsomedial-palmarolateral oblique
radiographic views were obtained immediately after injection
of the second limb (within 2 min of finishing injections in the
first limb), and 10 and 20 min after injections in each limb2.
Horses stood squarely with the third metacarpal bones in a
vertical position. The distribution of the contrast medium was
described subjectively and objectively3 by the same analyst
(A.N.), who at the time of image analysis was unaware of the
injected site or volume. The proximal margin of the contrast
patch was measured from the ipsilateral abaxial aspect of
the distal articular margin of the proximal phalanx (referred to
as ‘level of PIP joint’ in the remainder of the text). To account
for the differences in the size of the pastern among horses,
the length of the proximal phalanx was measured on the DPa
view as the distance between the most medial/lateral
proximal and distal articular margins of the proximal phalanx.
To account for the possible slight differences in the position of
the limb when obtaining subsequent radiographs, the length
of the proximal phalanx was measured on each subsequent
DPa radiograph. A ratio was established by dividing the
proximal diffusion of the contrast patch (measured as
described above) by the length of the ipsilateral aspect of
the proximal phalanx. Repeatability of measurements was
assessed 3 times on 10 radiographs.

To investigate the pattern of the distribution of contrast
medium on the radiographs, injections were performed in 2
cadaver limbs. A mixture of methylene blue and radiodense
contrast medium (1:1) was used. In one limb, 1.5 ml mixture
was injected over the medial palmar nerve and 2.5 ml over
the lateral palmar nerve at the distal injection site. In another
limb, the same volumes were injected at the proximal site.
Radiographs were obtained as in live horses and limbs were
dissected.

Normality of data was assessed using a Shapiro-Wilks test4.
The proximal and distal extensions of the contrast patches
between subsequent radiographs and between different
volumes and injection sites were compared using a paired t
test or a Mann–Whitney U test, depending whether or not the

data were normally distributed. The differences in proximal
diffusion between medial vs. lateral injection site and left vs.
right limb were also compared using a Mann–Whitney U test.
Statistical significance was set at P<0.05.

Results

Live horses
In total, 96 injections were performed in 24 limbs of 12 horses.
The mean age of the horses was 9.5 years (median: 9 years,
range: 4–16 years), the mean height 159.8 cm (median:
160.5 cm, range: 150–166 cm) and the mean weight 473.3 kg
(median: 469 kg, range: 393–571 kg). None of the horses had
palpable abnormalities in their front pastern regions. The
procedure was well tolerated by all horses and no swelling
was noted within 48 h after injection in any of the horses.
Repeatability of measurements was confirmed (coefficient of
variance ≤3%).

Following the majority of injections (95/96, 99.0%), the
entire amount or part of the contrast medium was dispersed
in a pattern that suggested distribution around an elongated
structure on at least one radiographic view (Figs 1–4). There
were some variations in the shape of the contrast patches,
mostly in their distal aspects; this also changed in some limbs

Fig 1: Dorsopalmar radiograph of a front pastern obtained
immediately after injection of 1.5 ml of radiodense contrast
medium over the medial palmar digital nerve and 2.5 ml of
contrast medium over the lateral palmar digital nerve 2 cm
proximal to the ungular cartilages. Medial is to the left. The entire
lateral contrast patch and the abaxial aspect of the medial
patch are distributed in an elongated shape (large arrows). Some
of the contrast medium on the medial side is diffusely distributed
(arrowhead). The proximal aspect of the lateral contrast patch is
noticeably more proximal than that of the medial contrast patch
(compare with Fig 2). A radiopaque line extends proximally from
the lateral contrast patch (small arrow), indicating contrast
medium within a lymphatic vessel.
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between subsequent radiographs. On the first set of
radiographs, at 41/96 injection sites (42.7%), the distal aspect
of the contrast patch divided into 2 ‘branches’, resulting in
an ‘inverted V or Y shape’ (Figs 2–4). This shape was seen in
50/96 (52.1%) injection sites on the 10 min radiographs and in
55/96 (57.3%) injection sites on the 20 min radiographs. In one
limb (after proximal injection) 2 parallel, elongated contrast
patches ran from proximal to distal direction along the
palmar aspect of the proximal phalanx. In one limb (after
distal injection) the contrast medium was distributed diffusely
without any shape of elongated appearance in any of the
radiographs.

There was a distinct difference in the shape of the
contrast patches between injection sites: after proximal
injections the contrast patch appeared to have a greater
proximal-distal length (Figs 1 and 2), while after distal
injections the contrast medium was more localised even if it
showed an elongated pattern (Figs 3 and 4). This observation
was supported by measurements of the proximal–distal
extension length of the contrast patch: the median length
was 3.1 cm (range: 1.78–5.91 cm) after distal injections and
4.8 cm (range: 3.63–7.16 cm) after proximal injections; this

difference was statistically significant (P<0.01). After proximal
injections, the contrast patch ran parallel with the axis of the
proximal phalanx. After distal injections it often showed an ‘L
shape’ (following the axis of the limb) on lateromedial and
oblique radiographic views and its distal aspect often curved
axially on the DPa view.

There was significant association between the injection
site and the extent of proximal diffusion (P<0.001). The extent
of proximal diffusion at different injection sites and after
using different volumes of contrast medium is shown in
Table 1. The distal extension of the contrast patch ranged
from 4.3 cm distal to 0.9 cm proximal from the level of the
PIP joint. There was no significant difference between the
proximal extension of the contrast patch after injection of
different volumes when data from both injection sites were
analysed (P = 0.31) or when data from only the proximal
injection site (P = 0.36) were assessed. At the distal injection
site, the larger volume resulted in significantly greater
proximal diffusion at all time points than the smaller volume
(P<0.01).

Fig 2: Dorsopalmar radiograph of a front pastern obtained
immediately after injection of 2.5 ml of radiodense contrast
medium over the medial palmar digital nerve and 1.5 ml of
contrast medium over the lateral palmar digital nerve 2 cm
proximal to the ungular cartilages. Medial is to the left. Both
contrast patches have a primarily elongated shape, but the
medial contrast patch divides into 2 ‘branches’ distally (arrows),
which probably indicates distribution around the main and
palmar branches of the medial palmar digital nerve. Several
radiopaque lines extend proximally from the medial contrast
patch (arrowheads), indicating contrast medium within lymphatic
vessels. Note that despite the different volumes injected, the
proximal aspects of the medial and lateral contrast patches are
approximately at the same level (compare with Fig 1).

Fig 3: Dorsopalmar radiograph of a front pastern obtained
immediately after injection of 1.5 ml of radiodense contrast
medium over the medial palmar digital nerve and 2.5 ml of
contrast medium over the lateral palmar digital nerve at the level
of the proximal aspect of the ungular cartilages. Medial is to the
left. The lateral contrast patch has an inverted Y shape, which
probably indicates diffusion around the main and palmar
branches of the palmar digital nerve. The medial contrast patch
has a more triangular shape, but abaxially an elongated
distribution can be noted. On oblique views, the medial patch
appeared elongated and on subsequent radiographs it also
appeared to divide into two branches distally. The contrast
patches are more localised proximodistally than on Figures 1 and
2. Despite the different volumes injected, the proximal aspects of
the medial and lateral contrast patches are approximately at the
same level. A few radiopaque lines extend proximally from the
contrast patches (arrows), indicating contrast medium within
lymphatic vessels.
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There was significant proximal diffusion with time (P<0.01).
The difference between the extent of distal diffusion at
different time points was not statistically significant. Medial vs.
lateral side or left vs. right forelimb did not have a significant
effect on the extent of proximal diffusion.

In the majority of limbs there were numerous radiopaque
lines of various thickness extending proximally from the
contrast patches (Figs 1–4). In the 6 limbs (6.3%) in which no
lines were identified, the proximal injection site had been
used. At the majority of injection sites (80/96, 83.0%) these
lines extended over the mid-level of the proximal phalanx. In
43/96 (45%) injections, the lines extended proximwoal to the

level of the metacarpophalangeal joint. These radiopaque
lines were present on subsequent radiographs and generally
extended more proximally with time. The number and
thickness of these radiopaque lines were not quantified, but
subjectively there were a larger number of radiopaque lines
of greater thickness following injections at the distal site than
after injections at the proximal site (Fig 4).

Cadaver limbs
The contrast medium was distributed in a similar pattern on
the radiographs to that in live horses. Dissection revealed
methylene blue in a patch just axial and proximal to the
ipsilateral ungular cartilage (Fig 5), which surrounded the
palmar digital nerve in both limbs. The palmar digital nerve
gave a palmar branch at the level of the proximal aspect of
the ungular cartilage (Fig 6), which was also surrounded by
methylene blue. Methylene blue was seen in numerous
lymphatic vessels originating from the contrast patches and
extending into the metacarpal region.

Discussion

This study demonstrated potential diffusion of local
anaesthetic solution after palmar digital nerve blocks
performed at 2 different levels in relation to the ungular
cartilages and using 2 different volumes. The site of injection
had the greatest effect on proximal diffusion. In agreement
with our hypothesis there was a greater degree of proximal
diffusion when the contrast medium was injected 2 cm
proximal to the ungular cartilage than when injection was
performed at the level of the ungular cartilage. Contrary to
our hypothesis, the injected volume did not have a
significant effect on the extent of proximal diffusion after
proximal injections; however, greater volume resulted in
greater extent of proximal diffusion after injection at the
distal site.

In all but one horse, some or the entire amount of
contrast medium was distributed in an elongated pattern on
at least one radiographic view, suggesting distribution around
a neurovascular structure. The distinct difference in the shape
of the contrast patches between proximal (more elongated
proximodistally) and distal injection sites (more localised) can
be explained by the anatomy of the neurovascular
structures. In the pastern region the palmar digital vein, artery

Fig 4: Dorsolateral-palmaromedial radiograph of a front pastern
obtained immediately after injection of 2.5 ml of radiodense
contrast medium over the medial palmar digital nerve and 1.5 ml
of contrast medium over the lateral palmar digital nerve. The
lateral contrast patch has an inverted Y shape and although it is
less distinct, a relatively lucent inverted Y shape can also be
recognised within the medial contrast patch (arrows), which was
clearer on other radiographic projections. Several radiopaque
lines extend proximally from the contrast patches (arrowheads),
indicating contrast medium within lymphatic vessels. The
proximal aspect of the medial contrast patch is considerably
more proximal than that of the lateral contrast patch.

TABLE 1: The median, minimum and maximum proximal extension expressed as % of the length of the proximal phalanx on
radiographs obtained immediately (0 min), 10 and 20 min after injection of radiodense contrast medium. Negative numbers indicate
that the proximal margin of the contrast patch did not reach the level of the distal abaxial articular margin of the proximal phalanx

Time
Distal Proximal

All 1.5 ml 2.5 ml All 1.5 ml 2.5 ml

0 min
Median (IQ) �3.3 (15.0) �6.8 (11.3) 1.4 (23.0) 31.9 (16.1) 29.4 (16.9) 34.3 (15.2)
Min–max �21.1 to 25.8 �21.1 to 10.9 �15.5 to 25.8 11.5 to 61.2 11.5 to 61.2 13.1 to 49.7

10 min
Median (IQ) 0.00 (13.6) �5.5 (11.9) 4.5 (25.7) 35.0 (15.4) 31.5 (15.7) 38.0 (12.8)
Min–max �14.9 to 31.5 �14.9 to 24.1 �11.4 to 31.5 14.0 to 65.6 14.0 to 65.6 25.0 to 57.9

20 min
Median (IQ) 3.4 (13.7) 0.0 (11.0) 6.2 (22.9) 38.8 (17.3) 31.0 (19.5) 41.1 (14.8)
Min–max �14.0 to 31.7 �14.0 to 26.4 �12.6 to 31.7 16.3 to 69.4 16.3 to 69.4 20.8 to 53.4

IQ = interquartile range
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and nerve run in close proximity and parallel to each other,
within the neurovascular bundle. At the distal aspect of the
pastern, just proximal to the ungular cartilages, these
structures diverge (Getty 1975). To our knowledge, there is no
detailed anatomical description of the neurovascular bundle
in the English literature. We speculate that if contrast medium
is injected more proximally, then it is more likely to diffuse
along the neurovascular structures within the neurovascular
bundle, as seen in a previous study where contrast medium
was injected around the palmar nerves at the base of the
proximal sesamoid bones (Nagy et al. 2009). The distal
injection site in the current study was distal to the site where
the neurovascular structures diverge, which may explain why
the contrast medium did not appear in such a
proximodistally elongated shape as after the proximal
injections.

The shape of the distal aspect of the contrast patches,
particularly after injections at the distal site, varied among
horses and also between different time points. The palmar
digital nerve gives a palmar branch approximately at the
level of the proximal aspect of the ungular cartilage (Sack
1975). The palmar digital artery and vein also have palmar
branches that run axially to the ungular cartilage. It is likely
that the inverted ‘V’ and ‘Y’ shape of the contrast medium
was caused by distribution around the dorsal and palmar
branches of the neurovascular structures. In horses where
these shapes were not identified on the initial radiographs
but were on subsequent radiographs, the contrast medium
may have diffused around one branch initially and diffused
around the other branch with time. In the limbs we

dissected, at the level of the proximal aspect of the ungular
cartilages, the 2 branches were in close proximity and it
seemed very unlikely to be able to inject local anaesthetic
solution around one branch without affecting the other.
However, there may be individual variations in the level at
which the palmar digital nerve divides into 2 branches and
theoretically it is possible to inject local anaesthetic solution
around one branch only, which may lead to desensitisation
of different structures. This may have happened in some
horses in which no inverted ‘V’ or ‘Y’ shape was seen.
Injecting proximal to the ungular cartilages may avoid
distribution of local anaesthetic solution around one branch
only. Further investigation on a large number of horses
would be needed to determine the level at which these
branches divide. In one limb, after proximal injection, 2
parallel, elongated contrast patches were seen, which may
correspond to 2 palmar digital nerves that occur in some
horses (Sack 1975).

The proximal extent of the contrast patch varied
significantly between injection sites. After injections at the
level of the proximal aspect of the ungular cartilage, the
greatest proximal extent of diffusion was to 31.7% of length of
the proximal phalanx, after using 2.5 ml of contrast medium.
This makes it unlikely that fetlock region pain would be
desensitised when using the distal injection site (provided that
local anaesthetic solution does not diffuse considerably
further than the contrast medium); however, pain originating
from the structures in the regions of the middle phalanx, PIP

Fig 5: Photograph of the palmar aspect of the foot and pastern
after injection of a mixture of 0.75 ml methylene blue and 0.75 ml
iohexol over the medial (left of picture) palmar digital nerve at
the level of the proximal aspect of the cartilage of the foot. The
dye is located axial to the medial ungular cartilage, surrounding
the palmar digital nerve (arrow). The lateral palmar digital nerve
is also indicated by an arrow. There is methylene blue in
numerous lymphatic vessels extending proximally (arrowheads).

Fig 6: Photograph of the specimen to demonstrate the dorsal
and palmar branches of the palmar digital nerves (arrows) that
divide at the level of the proximal aspect of the ungular cartilage
(arrowheads). Dorsal is to the right. The dissection site is mildly
contaminated with methylene blue that had been injected over
the contralateral palmar digital nerve.
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joint and distal third of the proximal phalanx may be
improved. It has previously been shown that palmar digital
nerve blocks can improve PIP joint pain (Schumacher et al.
2004), which is supported by our results. Even when using the
smaller amount (1.5 ml) at the distal injection site, the
contrast medium extended proximal to the level of the PIP
joint in some horses. A 2.5 ml infection of contrast medium at
the distal site resulted in significantly greater proximal diffusion
than injection of 1.5 ml, indicating that a larger volume of
local anaesthetic solution is more likely to improve pain in
more proximal locations than a smaller volume, when the
distal injection site is used.

After injection at 2 cm proximal to the ungular cartilages,
contrast medium was seen up to 70% of the length of the
proximal phalanx. Local anaesthetic solution at this location
could influence distal fetlock region pain as well as pain
originating from the pastern region. There is a small nerve
branch originating from the palmar digital nerve at mid-
pastern level, heading dorsoproximally (Sack 1975), which
may be desensitised if local anaesthetic solution diffuses to
the origin of this branch. This theoretically might lead to
desensitisation of the dorsoproximal aspect of the proximal
phalanx; however, it is not clear from anatomical texts if this
branch innervates the skin only or also deeper structures.
Although the median proximal diffusion was greater for the
larger volume than for the smaller volume of contrast
medium (the difference was not statistically significant), the
greatest extent of proximal diffusion was seen at a site where
1.5 ml contrast medium had been injected. This suggests that
even when a relatively small volume of local anaesthetic
solution is injected 2 cm proximal to the ungular cartilages,
potential diffusion close to the distal aspect of the fetlock
should be borne in mind.

There was significant proximal diffusion with time after
both distal and proximal injections and between each time
point. The difference was statistically significant, but the
difference between the median values at each time point
was relatively small (the greatest difference between
median values between 2 time points was 5.5% of the
length of the proximal phalanx, which equates to 6 mm in
the horse with the longest proximal phalanx in the study).
When assessing individual limbs subjectively, the greatest
difference between proximal diffusion on the first and
second set of radiographs was 28 mm, and between the 10
and 20 min radiographs, it was 11 mm. It is possible that the
degree of proximal diffusion with time varies greatly
between horses, and clinically significant proximal diffusion
may occur with time.

In most horses, several radiopaque lines extended
proximally from the contrast patches; they were seen in
greater numbers and were of greater thickness after distal
injections. These lines were present on subsequent
radiographs, suggesting distribution in lymphatic rather than
blood vessels, which was also supported by dissection
findings. It is probably unlikely that a significant amount of
local anaesthetic solution could diffuse out of lymphatic
vessels and desensitise structures at a more proximal site;
however, the loss of some local anaesthetic solution into
lymphatic vessels may lead to insufficient analgesia,
especially when using a small volume.

Some clinicians (including the authors) select the volume
of local anaesthetic solution for palmar digital nerve blocks
based on the size of the horse (e.g. 1.5 ml for horses <600 kg

and 2 ml for horses ≥600 kg). Two different breeds were used
in the current study, but there was <1 cm difference between
the mean (and median) lengths of the proximal phalanx in
the 2 breeds. The differences in size and the number of horses
were considered not high enough to allow investigation of
the effect of the size of the horse/pastern on diffusion of
contrast medium.

Limitations
Diffusion of radiodense contrast medium solution may not
be fully representative of diffusion of local anaesthetic
solution due to different chemical and physical characteris-
tics of the 2 materials. Due to the greater viscosity,
molecular weight and osmolality of the contrast medium, it
is likely to underestimate diffusion of local anaesthetic
solution.

The injection sites and volumes used in this study may
not reflect the preference of all clinicians. The amount we
routinely use in most clinical cases is 1.5 ml, which is used
by many orthopaedic clinicians (personal communication).
Although 2 ml is also commonly used, we speculated that
0.5 ml might not be sufficient to demonstrate the difference
between 2 volumes used. We chose 2 cm between the 2
injection sites for the same reasons. It would have been
ideal to assess an additional injection site, but availability of
horses and staff for the study was limited due to practical
reasons.

Some clinicians assess lameness 5 min after palmar digital
nerve blocks. In the current, study radiographs were not
obtained 5 min after injection due to technical and time
constraints. Injections in the 2 limbs were performed
immediately one after the other; in some limbs 3 min elapsed
between injection of the first limb and obtaining radiographs.
The time difference to the first radiograph from injection time
between the first and second limb injected could have
introduced bias; however, there was no significant difference
either between the shape of the contrast medium or the
proximal extension of the contrast patch between the first
and second limbs (i.e. left vs. right) injected. This suggests that
the greatest diffusion occurs in the first few minutes after
injection.

The effect of pastern conformation on the diffusion of
contrast medium was not assessed as the differences within
the study population were not wide enough to allow
investigation (most horses had straight or slightly upright
pastern with straight or slightly broken back axis). In clinical
situations the shape of the pastern or a scar may influence
the choice of injection site. Results are not necessarily
transferable to small ponies or large cob type horses, in which
palpation is potentially less accurate.

Conclusions

Based on our results, it is unlikely that palmar digital nerve
blocks performed at the level of the ungular cartilage using
≤2.5 ml local anaesthetic solution would influence fetlock
region pain. However, they may improve PIP joint pain and
pain originating from the pastern, including the region of the
distal third of the proximal phalanx (e.g. insertion of the
straight sesamoidean ligament). If using a more proximal site,
distal fetlock region pain may be improved. Using <1.5 ml is
probably not indicated in order to reduce the extent of
proximal diffusion, and due to the considerable amount of
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diffusion into lymphatic vessels, too small a volume may not
provide sufficient analgesia.
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Summary
Equine gastric ulcer syndrome is common in domesticated
horses, especially those performing in athletic endeavours.
However, the prevalence of equine gastric ulcer syndrome in
feral populations of horses is not documented. This study
investigated the prevalence and severity of squamous and
glandular gastric ulceration in an abattoir population of
horses in the UK. Both squamous and glandular ulceration
were more prevalent in domesticated horses when
compared to the feral horses studied.

Introduction

Equine gastric ulcer syndrome (EGUS) has been widely
investigated during the past decades due to its high
prevalence in populations of domesticated horses. In the
mature horse, the occurrence of gastric lesions has
predominantly been reported in the squamous region of the
equine stomach. Prevalence of squamous gastric lesions has
been reported to range from 11% in leisure horses to >80% in
competing racehorses and high level endurance horses
(Murray et al. 1996; Vatistas et al. 1999; Begg and O’Sullivan
2003; Chameroy et al. 2006; Tamzali et al. 2011). Lesions
found within the glandular area of the stomach have been
reported less frequently, with prevalences of 17–33%, 54–64%
and 47–65% reported in endurance horses, leisure/sports
horses and Thoroughbred racehorses, respectively (Begg and
O’Sullivan 2003; Nieto et al. 2004; Tamzali et al. 2011; Hepburn
2014; Sykes et al. 2015b). However, to the authors’
knowledge, the prevalence of EGUS in feral horses has not
been reported. The present study therefore aimed to
compare the prevalence of EGUS in domestic and feral
horses presenting to an abattoir for slaughter.

Materials and methods

Ethics
This study was performed in accordance with the relevant
Home Office guidelines in the UK.

Horses
Horses were randomly selected during two separate visits to a
certified abattoir in the UK between June and August. Horses
were classified, as assessed by an abattoir employee, as feral
on the basis that they were free ranging with little or no
human interaction, and classified as domesticated on the
basis that they had been under human care for a
designated purpose. The feral population originated from the

Dartmoor and Exmoor regions of the UK. History of the horse
such as age, sex, breed or discipline of the domesticated
horses was not available.

Data collection
Once classified as feral or domesticated, horses were
slaughtered in accordance with appropriate UK legislation.
Following slaughter, the gastrointestinal tracts were removed
and the stomachs separated by an abattoir employee. Each
stomach was dissected along the dorsal plane from the
lower oesophageal sphincter to the pyloric sphincter and
rinsed with water. Stomachs were numbered and
photographed for future analysis. Grading of the gastric
lesions was performed by a single investigator (B.W.S.),
blinded to the group allocation of the horse. Lesions were
graded using the 4 point EGUS council system (Andrews et al.
1999) (Table 1) with the squamous and glandular regions of
the stomachs graded separately.

Statistical analysis
Horses were dichotomously classified as being positive or
negative for equine squamous gastric disease (ESGD) or
equine glandular gastric disease (EGGD) if the assigned
grade for the squamous or glandular mucosa was ≥II/IV or ≤I/
IV, respectively (Sykes and Jokisalo 2015). A Chi-squared test
was used to compare the prevalence of ESGD and EGGD
between feral and domesticated horses, with a significance
level of P≤0.05.

Results

A total of 60 domesticated horses and 29 feral horses were
included in the study. Data from 2 feral and 9 domesticated
horses were excluded due to inconclusive photographic
documentation, resulting in 51 domesticated and 27 feral
horses being included in the final analysis. Figures 1 and 2
demonstrate the lesion distribution of ESGD and EGGD. Using
the dichotomous classification, ESGD was present in 60.8% of
domestic horses and 22.2% of feral horses (P = 0.001) and
EGGD was present in 70.6% of domestic horses and 29.6% of
feral horses (P≤0.001). ESGD and EGGD were present
simultaneously in 42.3% and 7.4% of domestic and feral
horses, respectively (P≤0.001).

Discussion

To the authors’ knowledge, this is the first study to investigate
the occurrence of EGUS in feral horses. The findings of the
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current study demonstrate that the EGUS may be present in
feral horses, albeit at a much lower prevalence than in
domestic horses. The results of the current study further
demonstrate that the prevalence of ESGD and EGGD is
significantly higher in domesticated horses compared to feral
horses. It has recently been highlighted that ESGD and EGGD
should be considered as different disease entities (Sykes et al.
2015a). As such, they will be considered separately in the
following discussion.

The prevalence of ESGD in the group of domestic horses
within this study was comparable to previous studies
(Luthersson et al. 2009; Hepburn 2014), which obtained their
results through endoscopic examination. Fundamentally, the
pathophysiology of ESGD has been linked to the exposure of
the stratum corneum of the squamous mucosa, a tissue with
minimal protective mechanisms, to hydrochloric acid,
secreted from the glandular area of the stomach, and
volatile fatty acids, produced as a result of fermentation of
soluble carbohydrates (Nadeau et al. 2003; Andrews et al.
2006) with bile acids potentially further exacerbating the risk
of disease (Berschneider et al. 1999). Exercise further
increases the risk of disease by pushing acidic gastric
contents up onto the squamous mucosa due to the
increased intra-abdominal pressure that is associated with
gaits faster than a walk (Lorenzo-Figueras and Merritt 2002).
These factors are particularly associated with the
domestication of horses and probably explain the high
prevalence of ESGD observed in the current study. Likewise,

the absence of such risk factors is a logical explanation for
the relatively low prevalence of ESGD observed in the feral
horse population. The presence of ESGD lesions in 22.2% of
feral horses was higher than expected by the authors.
However, it has been previously shown that severe ESGD may
develop rapidly with fasting (Murray and Eichorn 1996) and
transport (McClure et al. 2005), to both of which the feral
horses were exposed following capture and prior to slaughter
and which may have contributed to the disease observed in
this population.

Interestingly, the prevalence of EGGD in domesticated
horses reported in this study (70.6%) was higher than
previously reported in any other population (17–33%, 54–64%
and 47–65% in endurance horses, leisure/sports horses and
Thoroughbred racehorses, respectively) (Begg and O’Sullivan
2003; Nieto et al. 2004; Tamzali et al. 2011; Hepburn 2014;
Sykes et al. 2015b). One possible explanation for this is that
endoscopic examinations may be lacking in sensitivity when
determining ulcerations within the glandular area of the
stomach, particularly low grade lesions, when compared to
necropsy (Andrews et al. 2002). However, it must be taken
into account that the classification of the ulcerations in the
present study was performed from photographic evidence
rather than through histopathological examinations, which
has been suggested to improve accuracy of diagnosis
(Andrews et al. 2002). As such, the higher prevalence
observed may be truly reflective of a higher rate of disease in
the abattoir population than other populations previously
studied.

At present, the pathophysiology EGGD is not known,
although it is believed to result from a breakdown in normal
mucosal defence mechanisms (Sykes et al. 2015a). The
factors that contribute to this are yet to be elucidated but
the finding of a significantly higher prevalence in domestic
horses (70.6%) than feral horses (29.6%) suggests that intensive
management may at least play a role in increasing the risk
and severity of disease. This is consistent with a finding in
endurance horses where the prevalence of EGGD increased
from 17% during the interseason period to 33% within the
season (Tamzali et al. 2011). The lack of a history on

Fig 1: Equine squamous gastric disease lesion distribution in
domesticated (n = 51) and feral (n = 27) horses presenting to an
UK abattoir for slaughter.

Fig 2: Equine glandular gastric disease lesion distribution in
domesticated (n = 51) and feral (n = 27) horses presenting to an
UK abattoir for slaughter.

TABLE 1: Grading system used for the classification of lesions
(adapted from the EGUS council grading system).

Grade Definition

0/IV No lesions present
I/IV Hyperaemia/hyperkeratosis and/or mild surface

erosions, but no ulcerations
II/IV Single large or several smaller superficial lesions
III/IV Single layer/deeper lesions or multiple lesions
IV/IV Severe ulceration, large/deep, coalescing
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management factors relating to the domestic horse
population in this study makes further discussion as to the
potential reasons for this finding purely speculative. Similar to
ESGD, the finding of an EGGD prevalence of 29.6% in the
feral horse population was surprising to the authors. Whether
factors such as fasting and transport were associated with
the development of disease in this population, as discussed
above for ESGD, is not known but warrants consideration.
Alternatively, EGGD may be present at a certain background
prevalence within the feral horse population. Further studies
investigating risk factors for EGGD and the prevalence of
disease in feral populations not subject to capture, transport
and holding are warranted.

Conclusions

The findings of the current study demonstrate that the
prevalences of both ESGD and EGGD are higher in
domesticated horses compared to feral horses, and that both
are present within an abattoir population of feral horses.
Further studies into the prevalence of disease in feral horse
populations and the risk factors for EGGD are warranted.
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Summary
In addition to the generic properties of honey, manuka honey
has a nonperoxide antimicrobial activity largely attributed to
methylglyoxal. Commercially, manuka honey is graded
against a standard antiseptic, phenol, to provide a measure
of antimicrobial activity referred to as the unique manuka
factor (UMF). The higher the UMF, the greater the
antimicrobial activity. However, more recently, there is
evidence that manuka honey can also modulate the initial
inflammatory response through activation of toll-like receptor
4 on monocytes to enhance production of cytokines
important in tissue repair and regeneration. Recent studies
investigating the effects of manuka honey on second
intention healing of lower limb wounds in horses have shown
that wounds treated with UMF 20 manuka honey retracted
less and healed faster than untreated wounds. Using this
wound healing model, the primary effects of manuka honey
appeared to be associated with the modulation of the initial
inflammatory reaction rather than its antimicrobial effects.
Based on the current knowledge, treatment with manuka
honey should be instituted as soon as possible after injury.
Where bacterial contamination is substantial, manuka honey
with a UMF ≥15 should be used. While bandages will improve
the contact between the honey and the wound and may be
indicated in the early stages of wound healing, prolonged
bandaging may lead to the production of excessive
granulation tissue. If topical treatment without a bandage is to
be used, more honey is not necessarily better. Using a thin
film combined with regular application, contact times may
be optimised. Application 2–3 times daily to open wounds
may improve efficacy. Manuka honey should be applied for
at least 21 days after wounding but there may be beneficial
effects if it is applied until wound healing is almost complete.

Introduction

The practice of using honey as a topical treatment for open
wounds dates back thousands of years (Majno 1975). The
ancient Egyptians combined wild honey with animal fats and
lint to promote second intention wound healing (Majno 1975).
However, the application of honey to open wounds lost
favour in many countries when modern antimicrobial agents
were developed. More recently, the emergence of bacterial
species resistant to antimicrobial drugs has initiated a
renewed interest in the antimicrobial properties of different
varietals of honey, particularly within the medical profession.
However, while most of the recent research has been

focused on the antimicrobial properties of honey, there is
emerging evidence to suggest many honey varietals can
modulate the process of wound healing directly (Molan 2006;
Lee et al. 2011a,b). New bioactive components in honey are
being discovered and it would appear that variability in the
profile and concentrations of bioactive components in
different honey varietals suggest all honeys do not behave
equally (Allen et al. 1991; Cooper and Jenkins 2009;
Kwakman et al. 2011; Carnwath et al. 2014; Cooper 2014).

The Leptospermum species of plants include
approximately 83 species found primarily in Australia and
New Zealand. Honey derived from the Leptospermum
species of plants have been found to have superior
antimicrobial activity compared with many other honey
varietals (Allen et al. 1991; Snow and Manley-Harris 2004). In
terms of the properties of honey from these plants, the
manuka bush (L. scoparium) found in New Zealand has been
the most extensively studied. Unlike other honey varietals, the
commercial production of manuka honey is standardised for
antimicrobial activity and is often used in human medicine
for the treatment of open wounds. However, there have only
been a few studies investigating the potential applications for
manuka honey in veterinary medicine and these have
focused on second intention healing of equine distal limb
wounds (Bischofberger et al. 2011, 2013, 2015). The purpose
of this review is to provide a summary of the current
knowledge on the bioactivity of manuka honey, its potential
role and application in second intention wound healing in
horses and possible areas for future investigation.

Features of manuka honey

General properties of honey
A high sugar and low water content and a pH generally
between 3.2 and 4.5, but may range from 3.2 to 6.1, are
common to all honey varietals (Cooper 2014). Acidity is
generally associated with gluconic acid and contributes to
the antibacterial activity of honey (Molan 1992). Ripened
honey consists of 80% sugars, mainly glucose and fructose
and <18% water which is tightly bound to the sugars and not
available to microorgansims (Kwakman and Zaat 2012). High
osmolality creates an osmotic gradient initiating fluid shifts
from adjacent tissues and the circulation into the wound
(Molan 1999, 2011). An influx of fluid creates a moist
environment and supplies nutrients. Together these properties
promote autolytic wound debridement and enhance tissue
healing, while inhibiting bacterial growth by causing osmotic
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stress and shrinking the bacterial cell wall (Molan 1999, 2006).
Furthermore, the activity of bacterial proteases are reduced
in low pH environments (Gethin 2008). Proteases are
responsible for destroying cytokines and growth factors and
damage extracellular matrix contributing to nonviable tissue
and poor tissue healing (Tarnuzzer and Schultz 1996).

Glucose oxidase is produced by bees and is found in
many honey varietals in low concentrations (Cooper 2014).
Glucose oxidase is responsible for converting glucose to
gluconic acid and thereby releasing hydrogen peroxide.
Generally, hydrogen peroxide is not detectable in undiluted
honeys but dilution of honey activates glucose oxidase
(White et al. 1963; Bang et al. 2003). Honey diluted to 30–50%
optimises the generation of hydrogen peroxide so in the
presence of wound exudate the antimicrobial activity of
peroxide may contribute signficantly to the antibacterial
activity in some honey varietals (Bang et al. 2003; Irish et al.
2011; Cooper 2014). However, the hydrogen peroxide activity
of honey varies substantially and may be related to plant
species, environmental conditions and entomological
conditions, including the age of the bee, foraging patterns
and activity and enzymes secreted (Irish et al. 2011).
Processing and storage conditions, including heat, light and
catalases produced by damaged cells, pollen and some
bacteria can inactivate hydrogen peroxide which contributes
to variable antibacterial activity of some honey varietals
under different conditions (Chelikani et al. 2004; Irish et al.
2011; Chen et al. 2012; Kwakman and Zaat 2012; Brudzynski
et al. 2013).

Nonperoxide antimicrobial activity of manuka honey
More recently, it has been shown that even in the presence
of high concentrations of catalase, honey derived from some
plant sources still show remarkable nonperoxide, antimicrobial
activity (Molan 2006; Carnwath et al. 2014). Honey from the
Leptospermum species of plants including manuka honey,
has been one group of honey varietals found to have
superior antimicrobial activity compared to honey dervied
from many other plant sources (Mavric et al. 2008).
Methylglyoxal (MGO) is produced from dihydroxyacetone
found in high concentrations in the flower of the manuka
bush (Kwakman and Zaat 2012). Methylglyoxal is responsible
for most of the the antimicrobial activity of manuka honey
(Mavric et al. 2008; Adams et al. 2009; Atrott et al. 2012;
Kwakman and Zaat 2012). Recently, it was found that adding
MGO to honey varietals known to produce high
concentrations of hydrogen peroxide reduced the
production of hydrogen peroxide by inhibiting glucose
oxidase (Majtan et al. 2014). This may explain why some
researchers have failed to detect hydrogen peroxide as a
bioactive component contributing to the antibacterial
activity of manuka honey (Molan 1992; Kwakman et al.
2011). More recently, a glycoside, leptosin, has been
discovered in manuka honey (Kato et al. 2012). Leptosin and
perhaps other undiscovered bioactive compounds may
contribute to the antimicrobial activity (Kato et al. 2012).

While stored, the dihydoxyacetone in manuka honey
slowly decreases over time while the concentrations of MGO
increase at a similar pace. This nonperoxide activity of
manuka honey is used to determine the unique manuka
factor (UMF) which is commonly included on the label of
commercially available manuka honey. The UMF is a rating
that refers to the percentage concentration of a standard

antispetic (phenol) with the same antimicrobial activity as the
honey when tested in a radial diffusion assay with
Staphylococcus aureus as the targeted microorganism
(Mavric et al. 2008; Adams et al. 2009; Atrott et al. 2012).
Batches of manuka honey are individually tested for
antimicrobial activity. In general, honey with UMF 0–4 has no
appreciable antimicrobial activity, UMF 5–9 has minimal
antimicrobial activity and is not recommended for
therapeutic use as an antimicrobial, UMF 10–15 is considered
useful therapeutically and UMF 16–30 has superior activity
with high antimicrobial efficacy (Molan 2001).

The action of MGO has been associated with a
combination of enzymatic and nonenzymatic processes that
are yet to be fully elucidated (Mavric et al. 2008; Adams et al.
2009). The antimicrobial effects of MGO are suggested to be
related to an ability to interact with the nucleophilic centres of
macromolecules such as DNA (Mavric et al. 2008; Adams et al.
2009). In Gram-positive organisms, MGO leads to the
downregulation of autolysin, an enzyme involved in cleavage
of bacterial cell wall components and cell division (Jenkins
et al. 2011a,b). In Gram-negative bacteria, MGO appears to
affect gene expression, particularly those genes involved in
regulating a protein that contributes to structural stability of the
cell wall, resulting in cell lysis (Henriques et al. 2011; Jenkins
et al. 2011a,b; Roberts et al. 2011). Furthermore, examination of
proteins in methicillin-resistant Staphylococcal aureus exposed
suggest manuka honey acts to downregulate a protein that
limits the ability of the microorganism to withstand exposure to
conditions that induce stress (Jenkins et al. 2011a,b).

Effects of manuka honey on bacterial biofilms
Bacterial biofilms have been associated with delayed healing
and chronic wound infection in horses and man and have
been shown to interfere with the antimicrobial activity of
many honey varietals (Serralta et al. 2001; Freeman et al.
2009; Merckoll et al. 2009). Manuka honey has been shown
to prevent biofilm formation and disrupt established biofilms
(Jervis-Bardy et al. 2011a,b; Maddocks et al. 2012). While the
exact mechanism of action requires further investigation, it
would appear that in vitro, MGO can downregulate genes
coding for surface-binding proteins which are important in
biofilm formation (Jervis-Bardy et al. 2011a,b; Maddocks et al.
2012). In vitro manuka honey has been shown to depress the
activity of a global regulator in Eschericia coli that has
widespread knock-on effects on the expression of genes
controlling virulence, cell to cell communication and biofilm
formation (Jenkins et al. 2014). Disrupting cellular
communications may prevent biofilm maturation by affecting
virulence genes when microorgansims are exposed to low
concentrations of manuka honey and at high concentrations
manuka honey may act to inhibit bacterial growth (Lee et al.
2011a,b; Wang et al. 2012; Kronda et al. 2013). Higher
concentrations of manuka honey are required to penetrate
and disrupt established biofilms (Alandejani et al. 2009;
Merckoll et al. 2009; Cooper et al. 2011, 2014; Maddocks
et al. 2012). It would appear MGO plays a critical role but is
not exclusively responsible for the disruption of biofilms (Jervis-
Bardy et al. 2011a,b; Kilty et al. 2011).

Effects of manuka honey on modulating second
intention healing
While most of the interest in manuka honey has focused on
its antimicrobial effects there is evidence that manuka honey
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can modulate the initial inflammatory response by enhancing
the production of cytokines that regulate fibroblast
production and angiogenesis (Molan 2006; Tonks et al. 2007).
A 5.8 kDa active component of manuka honey has been
found to be responsible for activating toll-like receptor 4 on
monocytes (Tonks et al. 2007). Activation of toll-like receptor
4 enhances the production of IL- 1b, IL-6 and TNF-a from
monocytes which are important in tissue repair and
regeneration (Tonks et al. 2001, 2003, 2007).

Studies investigating topical UMF 20 manuka
honey on wound healing in the horse

Study 1: effects on early second intention wound
healing in horses
Recently, a series of studies investigating the effects of
topical UMF 20 manuka honey on second intention healing of
lower limb wounds in the horse have been reported
(Bischofberger et al. 2011, 2013, 2015). These studies were
conducted using a contaminated, surgical wound healing
model. An initial pilot study created a 2.5 9 2.5 cm full
thickness wound on the metacarpus of both front legs of 8
Standardbred geldings aged between 5 and 10 years
(Bischofberger et al. 2011). The horses had no evidence of
previous injuries on the lower legs and were kept in small
grass yards. Wounds were bandaged for 12 days and the
bandages changed daily. One wound on each horse was
treated with UMF 20 manuka honey while the other was left
untreated. On Day 13, treatment was stopped and wounds
were left open to heal. Wound area was measured weekly
for 8 weeks and overall time to healing was recorded.
Wounds treated with UMF 20 manuka honey for 12 days
retracted less than untreated wounds and remained smaller
than untreated wounds until Day 42. There was no difference
in overall healing time between treated and untreated
wounds. The authors reported that treated wounds appeared
to develop a healthier bed of granulation tissue earlier than
untreated wounds.

Study 2: the effects of a 66% manuka honey gel and
duration of treatment on second intention would
healing in horses
Manuka honey assumes a liquid form at room temperature so
application under a bandage enhances the duration of
contact between the wound and the honey when treating
lower leg wounds in horses. However, bandages have been
shown to promote dysregulated healing and the production
of excess granulation tissue if applied to wounds for
prolonged periods of time (Berry and Sullins 2003; Dart et al.
2009). Experimentally, it would appear that if bandages are
removed before Day 12 after wound creation, early visible
signs of dysregulated healing generally resolve and healing
progresses normally (Dart et al. 2009). To address the liquid
consistency of manuka honey, a gel mixture consisting of 66%
UMF 20 manuka honey and 34% water-based, pH neutral gel
was developed (Bischofberger et al. 2013). The consistency of
this gel allowed application of the gel to leg wounds without
the need for a bandage. A second study compared the
efficacy of commercially available UMF 20 manuka honey to
the 66% UMF 20 manuka honey gel when applied to wounds
daily under a bandage for 12 days (short-term). This study
also evaluated the effect of daily application of 66% UMF 20
manuka honey gel when applied to wounds throughout

healing (long-term) compared to untreated control wounds
(Bischofberger et al. 2013). Ten Standardbred geldings
without evidence of previous injury on their distal limbs were
used. Horses were kept in small grass yards. Five, full thickness
wounds (2 9 2 cm) were created surgically on both
metacarpi. Wounds were assigned to five different treatment
groups; (i) UMF 20 manuka honey, (ii) 66% manuka honey gel
applied for 12 days, (iii) gel alone applied for 12 days, (iv)
manuka honey gel applied throughout healing and (v)
untreated control. For the first 12 days bandages were
changed daily and wounds treated as assigned. On Day 13
bandages were removed and wounds left open to heal.
Treatment with honey gel was continued daily on one wound
on each limb until the wounds were completely healed.
Wound area was measured on Day 1 then weekly until Day
42. The time to complete healing for all wounds was
recorded.

There were differences in the wound area between
treatment groups on Days 7, 14, 21, 28 and 35. During the first
7 days after wound creation, wounds treated with manuka
honey and those treated with 66% manuka honey gel
retracted less than control wounds and wounds treated with
the gel alone. The area of the wounds treated with manuka
honey for 12 days, manuka honey gel for 12 days and
manuka honey gel throughout healing were significantly
smaller than control wounds and wounds treated with gel
alone between Days 7 and 35. By Day 42 the difference in
wound area between groups was no longer significant. The
area of the wounds treated with gel alone and control
wounds were not different at any time point during healing.
Wounds treated with 66% manuka honey gel throughout
healing healed faster than all other wounds. Wounds treated
with manuka honey and 66% manuka honey gel for 12 days
healed faster than control wounds and wounds treated with
gel alone.

The results of these studies support a beneficial effect of
manuka honey on second intention healing of distal limb
wounds in horses. Using the surgical model, the principal
therapeutic effect of manuka honey appeared to be in the
early stages of wound healing and topical treatment should
be initiated early to achieve the optimal results in clinical
patients. The advantage of 66% manuka honey gel is that it
can be applied topically without a bandage while
maintaining good wound contact. This preparation lends itself
to application throughout the entire healing process;
however, currently it is not commercially available. Although,
statistically, daily application did improve the overall healing
time in this study, the overall improvement in healing time
was not clinically relevant. Nonetheless, in naturally occurring
wounds which are often more traumatic, substantial and
contaminated, the effect of manuka honey on overall time
to healing may be more apparent.

Study 3: manuka honey and wound healing in horses:
growth factors, bacterial counts and histomorphology
The growth factors TGF-b1 and TGF-b3 are known to play a
pivotal role in orchestrating the process of wound healing in
horses and an imbalance in expression of the TGF isoforms
have been implicated in the production of excessive
granulation tissue in distal limb wound in horses (Shah et al.
1995; Theoret et al. 2001; Van den Boom et al. 2002; Grose
and Werner 2003; Wilmink et al. 2003; De Martin and Theoret
2004; Theoret and Wilmink 2008). A third study was performed
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using 10 Standardbred geldings without evidence of previous
injuries on their distal limbs. The study undertook to investigate
the effect of 66% manuka honey gel on the concentrations
of transforming growth factor TGF-b1 and TGF-b3, bacterial
counts and wound histomorphology during the first 10 days of
healing of contaminated equine, distal limb wounds
(Bischofberger et al. 2015). Wounds were created on both
metacarpi of each horse and were assigned to 3 groups; (i)
wounds contaminated with faeces for 24 h and treated
topically with manuka honey gel daily, (ii) untreated,
noncontaminated control wounds and (iii) untreated control
wounds contaminated with faeces for 24 h. All wounds were
bandaged for the first 24 h and horses were housed in grass
yards. In 5 horses wounds were bandaged for the remainder
of the study while the wounds in the remaining 5 horses were
left to heal without a bandage. Wound biopsies were taken
from different wounds on Days 1, 2, 7 and 10 to evaluate the
effects of manuka honey gel, wound contamination and
bandaging on TGF-b1 and TGF-b3 concentrations, aerobic
and anaerobic bacterial counts and histomorphology of the
wound bed.

The study found manuka honey gel had no effect on TGF-
b1 and TGF-b3 concentrations within the wounds. Using this
model of wound healing there was a transient increase in the
aerobic and anaerobic bacterial counts for up to 48 h in
contaminated wounds compared to noncontaminated
wounds; however, there was no evidence of an effect of
manuka honey gel on wound bacterial counts. Histologically,
manuka honey gel decreased wound inflammation (Days 7,
10), increased angiogenesis (Days 2, 7, 10), increased fibrosis
and collagen organisation (Day 7) and increased epithelial
hyperplasia (Days 7, 10). Using this model of wound healing,
daily treatment with manuka honey gel resulted in a more
organised granulation tissue bed early in wound repair. The
authors of this study proposed that the efficacy of
myofibroblasts and fibroblasts may be enhanced in a more
mature wound environment thereby reducing wound
retraction.

There were potential limitations of the wound healing
model used in this study. It is likely that the degree of wound
contamination achieved is not representative of many
naturally occurring wounds that are associated with
significant tissue avulsion and may be heavily contaminated
with microorganisms. It is therefore possible that the reported
antibacterial effects of manuka honey were not detected.
The beneficial effects of manuka honey on wound healing
identified in this study appeared to be mediated through the
effects of the honey on the early inflammatory response
rather than its antibacterial properties. However, it is also
worth noting biopsies for culture were taken immediately prior
to application of the honey on each collection day. It is also
possible that to achieve the optimal antibacterial effect of
manuka honey on wound healing, daily application may not
be sufficient to maintain low bacterial counts for 24 h and
more frequent application is required, particularly in open
wounds.

Manuka honey as a wound dressing in second
intention healing of equine distal limb wounds

Based on the current knowledge, some recommendations
can be made for using manuka honey as a wound dressing
for distal limb wounds healing by second intention in horses

(Table 1). Contaminated or severely traumatised wounds
should be surgically debrided to remove necrotic tissue and
debris to optimise healing (Theoret and Wilmink 2008; Caston
2012) (Fig 1). Treatment with manuka honey appears to be
most effective if commenced soon after wounding,
preferably within the first 24 h. Where bacterial contamination
and tissue trauma is substantial, manuka honey with a UMF
≥15 should be used (Bischofberger et al. 2013). However, it
should be noted that as the UMF of manuka honey increases
so does the cost. While lower UMF manuka honey may not
have the same antimicrobial properties it remains unclear at
this time as to whether it has similar effects on the initial
inflammatory response in wounds. So economically, if cost is
a factor, where there is minimal contamination, using a lower
UMF honey may reduce treatment costs.

If manuka honey is not being used as a 66% gel, it is best
applied at normal room temperature for ease of application,
with or without bandages. Bandages will improve the contact
between the honey and wound and may be useful in the
early stages of wound healing. However, ongoing bandaging
may be associated with a higher incidence of EGT
development (Berry and Sullins 2003; Dart et al. 2009). Where
wounds are bandaged, apply 30 ml of honey to each
10 9 10 cm dressing area (Matthews and Binnington 2002;
Dart et al. 2005). Initially, bandage changes will be required
daily or every other day. These can be reduced as wound
exudate decreases (Matthews and Binnington 2002; Nisbet
et al. 2010). If a bandage is applied, the duration of
application should be kept to a minimum, preferably under
12 days, to reduce the chances of EGT (Dart et al. 2009).
Where honey is placed on open wounds, more is not
necessarily better. By using a thin film combined with regular
application, contact times may be optimised so application
2–3 times daily to open wounds may improve efficacy.
Manuka honey should be applied for at least 21 days after
wounding but there may be beneficial effects if it is applied
until wound healing is almost complete (Bischofberger et al.
2013). Excessive granulation tissue should be excised as it
arises and application of honey continued.

Need for future studies

Most studies in man have focused on the antibacterial
properties of manuka honey. It has been established that the
higher the UMF, the greater the efficacy against antibiotic
resistant bacteria. However, the ability of manuka honey and
other honey varietals have been found to stimulate cytokine
production and enhance healing by modulating the initial
inflammatory response (Tonks et al. 2001, 2003, 2007; Nisbet

TABLE 1: Optimal treatment plan using manuka honey topically
to treat equine distal limb wounds left to heal by second intention

1. Surgically debride wounds to remove contaminated, necrotic,
devitalised or infected tissues

2. Apply ≥UMF 15 manuka honey at room temperature within
24 h of injury or debridement

3. Apply 30 ml honey to each 10 9 10 cm dressing area
4. Change bandage each day and reply the honey for up to

12 days
5. Remove bandage at 12 days and leave wound open
6. Apply a thin film of manuka honey to the wound 2–3 times

daily for at least 21 days
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et al. 2010). It would appear that different honey varietals
possess a range of bioactive components that can affect
wound healing and the range and relative concentrations of
the bioactive components in any varietal may influence the
therapeutic value of that honey in different wounds.
Currently, limited research using wound healing models
suggest that the effects of manuka honey on the initial
inflammatory response plays an important role in enhancing
the early stages of second intention healing of distal limb
wounds in horses.

In terms of manuka honey, more information is needed to
refine the therapeutic approach to manipulating the process
of second intention wound healing in horse. Some of the
immediate information that would be of value include:

• As the UMF of manuka honey increases so does the
antimicrobial activity and cost of treatment. Further study is
needed to investigate whether UMF 20 honey is required to
achieve the benefits of treatment in all equine lower limb
wounds or only wounds with excessive contamination or
antibiotic resistant organisms.

• In wounds that are not heavily contaminated or surgically
debrided, could generic and less expensive honey be as
effective as manuka honey in improving wound healing
variables?

• Diluted UMF 20 manuka honey (66% manuka honey gel)
has delivered the similar effects to undiluted honey in a
distal limb wound model. At what dilution point does
manuka honey lose its beneficial effects and does dilution
shorten the shelf life of manuka honey? It is possible more
cost effective treatment could be achieved by further
diluting the honey.

• Could manuka honey be delivered in a variety of dressings
specific for wound types and in a cost effective manner?

Conclusion

Manuka honey represents a step forward in the area of
equine wound healing. As a dressing, it has the potential to
address some of the challenges associated with second
intention healing in horses, particularly wounds to the distal
limb and holds significant promise as a therapeutic agent.
The current recommendations outlined for treating equine
wounds with manuka honey are based on the present body
of knowledge and provides a protocol for veterinarians to
follow. However, there is still substantial research to be done
that should be aimed at understanding the mechanism of
action of manuka honey and to develop recommendations
that match the specific characteristics of the honey to the
specific features of the wounds. Furthermore, as new
information becomes available on the bioactivity of different
honey varietals, it may be possible to match the features of
different varietals of honey to treatment of different stages of
the wound healing process. There is also a need to
commercialise different honey dressings and products to
meet the different features of wounds so the honey can be
applied and maintain wound contact.

Authors’ declaration of interests

No conflicts of interest have been declared.

Ethical animal research

Ethical review not applicable for this review article.

Source of funding

None.

Authorship

A.J. Dart, C.M. Dart and L.B. Jeffcott all currently work within
the Research and Clinical Training Unit (REaCT) at the
University of Sydney. A.S. Bischofberger was working within the
REaCT unit as a an equine surgery resident. Drs Dart, Jeffcott
and Bischofberger were the primary investigators into the

a)

b)

Fig. 1: (a and b) The neck of a 6-year-old miniature horse
10 days after receiving a perivascular injection of flunixin
meglumine (Fig 1a). There was extensive sloughing of the soft
tissues thrombosis of the jugular vein. The wound was debrided
surgically to remove necrotic tissue and lavaged. The horse was
placed on broad spectrum antimicrobial treatment and non
steroidal anti-inflammatory therapy and the wound was cleaned
and UMF 20 manuka applied to the wound twice daily. (b) Shows
the same wound 7 days after debridement. The wound is clean
and has a healthy bed of granulation tissue.

© 2015 EVJ Ltd

662 EQUINE VETERINARY EDUCATION / AE / DECEMBER 2015



series of manuscripts published into the effects of manuka
honey on second intention wound healing in the horse. All
authors had input into the design, execution data analysis
and interpretation and preparation of those manuscripts. The
review manuscript was written by A.J. Dart and was
circulated to all authors for comment and review. All authors
had input to the final submission and all authors approved
the final version.

References
Adams, C.J., Manley-Harris, M. and Molan, P.C. (2009) The origin of

methylglyoxal in New Zealand manuka (Leptospermum
scoparium) honey. Carbohydrate Res. 344, 1050-1053.

Alandejani, T., Marsan, J., Ferris, W., Slinger, R. and Chan, F. (2009)
Effectiveness of honey on Staphylococcus aureus and
Psuedomonas aureginosa biofilms. Otolaryngol. Head Neck Surg.
141, 114-118.

Allen, K.L., Molan, P.C. and Reid, G.M. (1991) A survey of the
antibacterial activity of some New-Zealand honeys. J. Pharm.
Pharmacol. 43, 817-822.

Atrott, J., Haberlau, S. and Henle, T. (2012) Studies on the formation of
methylglyoxal from dihydroxyacetone in manuka (Leptospermum
scoparium) honey. Carbohydrate Res. 361, 7-11.

Bang, L.M., Buntting, C. and Molan, P. (2003) The effect of dilution on
the rate of hydrogen peroxide production in honey and its
implications for wound healing. J. Altern. Complement. Med. 9,
267-273.

Berry, D.B. and Sullins, K.E. (2003) Effects of topical application of
antimicrobials and bandaging on healing and granulation tissue
formation in wounds of the distal aspect of the limbs in horses. Am.
J. Vet. Res. 64, 88-92.

Bischofberger, A.S., Dart, C.M., Perkins, N.R. and Dart, A.J. (2011) A
preliminary study on the effect of manuka honey on second-
intention healing of contaminated wounds on the distal aspect of
the forelimbs of horses. Vet. Surg. 40, 898-902.

Bischofberger, A.S., Dart, C.M., Perkins, N.R., Kelly, A., Jeffcott, L. and
Dart, A.J. (2013) The effect of short and long-term treatment with
manuka honey on second intention healing of contaminated and
noncontaminated wounds on the distal aspect of the forelimbs in
horses. Vet. Surg. 42, 154-160.

Bischofberger, A.S., Dart, C.M., Horadagoda, N., Perkins, N.R., Jeffcott,
L.B., Little, C.B. and Dart, A.J. (2015) The effect of manuka honey
gel on the transforming gorwth factor b1 and b3 concentration,
bacterial counts and histomorphology of contaminated full
thickness skin wounds in equine distal limbs. Aust. Vet. J. Accepted
for publication.

van den Boom, R., Wilmink, J.M., O’Kane, S., Wood, J. and Ferguson,
M.W. (2002) Transforming growth factor-beta levels during second-
intention healing are related to the different course of wound
contraction in horses and ponies. Wound Repair Regene. 10: 188-
194.

Brudzynski, K., Sjaarda, C. and Maldonado-Alvarez, L. (2013) A new
look on protein-polyphenol complexation duign honey storage: is
this a random or organized event with the help of dirigent-like
proteins. PLoS One 8, e72897.

Carnwath, R., Graham, E.M., Reynolds, K. and Pollock, P.J. (2014) The
antimicrobial activity of honey against common equine wound
pathogens. Vet. J. 199, 110-114.

Caston, S.S. (2012) Wound care in horses. Vet. Clin. N.: Am Equine
Pract. 28, 83-100.

Chelikani, P., Fita, I. and Loewen, P.C. (2004) Diversity of structures and
properties among catalases. Cell. Mol. Life Sci. 61, 192-208.

Chen, C., Campbell, L.T., Blair, S.E. and Carter, D.A. (2012) The effect
of standardheat and filtration processing procedures on
antimicrobial activity and hydrogen peroxide levels in honey.
Front. Microbiol. 3, 265.

Cooper, R.A. (2014) Honey as an effective antimicrobial treatment for
chronic wounds: is there a place for it in modern medicine?
Chronic Wound Care Manage. Res. 1, 15-22.

Cooper, R.A. and Jenkins, L. (2009) A comparison between medical
grade honey and table honeys in relation to antimicrobial
efficacy. Wounds 21, 29-36.

Cooper, R.A., Jenkins, L. and Rowlands, R. (2011) Inhibition of biofilms
through the use of honey. Wounds UK 7, 24-32.

Cooper, R.A., Jenkins, L. and Hooper, S. (2014) Inhibition of biofilms of
Psuedomonas aureginosa by Medihoney in vitro. J. Wound Care
23, 93-96.

Dart, A.J., Dowling, B.A. and Smith, C.L. (2005) Topical treatments in
equine wound management. Vet. Clin. N. Am.: Equine Pract. 21,
77-89.

Dart, A.J., Perkins, N.R., Dart, C.M., Jeffcott, L.B. and Canfield, P. (2009)
Effect of bandaging on second intention healing of wounds of the
distal limb in horses. Vet. Surg. 87, 215-218.

De Martin, I. and Theoret, C.L. (2004) Spatial and temporal expression
of types I and II receptors for transforming growth factor beta in
normal equine skin and dermal wounds. Vet. Surg. 33, 70-76.

Freeman, K., Woods, E., Welsby, S., Percival, S.L. and Cochrane, C.A.
(2009) Biofilm evidence and the microbial diversity of horse
wounds. Can. J. Microbiol. 55, 197-202.

Gethin, G.T. (2008) The impact of manuka honey dressings on the
surface of chronic wounds. Int. Wound J. 5, 185-194.

Grose, R. and Werner, S. (2003) Wound healing studies in transgenic
and knockout mice. In: Wound Healing: Methods and Protocols,
Vol. 78, Eds: L.A. DiPietro, A.L. Burns, Humana Press, Totowa, New
Jersey. pp 191-216.

Henriques, A.F., Jenkins, R.E., Burton, N.F. and Cooper R.A. (2011 The
effect of manuka honey on the structure of Pseudomonas
aeruginosa. Eur. J. Clin. Microbiol. Infect. Dis. 30, 167-171

Irish, J., Blair, S. and Carter, D.A. (2011) The antibacterial activity of
honey derived from Australian flora. PLoS One 6, e18229.

Jenkins, R., Burton, N. and Cooper, R. (2011a) Effect of manuka honey
on universal stress protein A in methicillin Staphylococcus aureus.
Int. J. Antimicrob. Agents 37, 373-376.

Jenkins, R., Burton, N. and Jenkins, R. (2011b) Manuka honey inhibits
cell division in methicillin-resistant Staphylococcus aureus. J.
Antimicrob. Chemother. 66, 2536-2542.

Jenkins, R., Burton, N. and Cooper, R. (2014) Proteomic and genomic
analysis of methicillin-resistant Staphylococcus aureus (MRSA)
exposed to manuka honey in vitro demonstrated down-regulation
of virulence markers. J. Antimicrob. Chemother. 69, 603-615.

Jervis-Bardy, J., Foreman, A., Boase, S., Valentine, R. and Wormald, P.J.
(2011a) What is the origin of Staphylococcus aureus in the early
postoperative sinonasal cavity? Int. Forum Allergy Rhinol. 4, 308-
312.

Jervis-Bardy, J., Foreman, A., Bray, S., Tan, L. and Wormald, P.J.
(2011b) Methylglyoxal- infused honey mimics the anti-
Staphylococcus aureus biofilm activity on manuka honey:
potential implications in rhinosinusitis. Laryngoscope 121, 1104-1107.

Kato, Y., Umeda, N., Maeda, A., Matsumoto, D., Kitamoto, N., Kikuzaki,
H. (2012) Identification of a novel glycoside, leptosin, as a
chemical marker of manuka honey. J. Agric. Food Chem. 60,
3418-3423.

Kilty, S.J., Duval, M., Chan, F.T., Ferris, W. and Slinger, R. (2011)
Methylglyoxal: (active agent of manuka honey) in vitro activity
against bacterila biofilms. Int. Forum Allergy Rhinol. 1, 348-350.

Kronda, J.M., Cooper, R.A. and Maddocks, S.E. (2013) Manuka honey
inhibits siderphore production in Psuedomonas aureginosa. J. Appl.
Microbiol. 11, 86-90.

Kwakman, P.H.S. and Zaat, S.A.J. (2012) Antibacterial components of
honey. Life 64, 48-55.

Kwakman, P., te Velde, A.A., de Boer, L., Vandenbroucke-Grauls,
C.M.J.E. and Zaat, S.A. (2011) Two major medicinal honeys have
different mechanisms of bactericidal activity. PLoS One 6, e17709.

© 2015 EVJ Ltd

663EQUINE VETERINARY EDUCATION / AE / DECEMBER 2015



Lee, J.H., Park, J.H., Kim, J.A., Neupane, G.P., Cho, M.H., Lee, C.S. and
Lee, J. (2011a) Low concentrations of honey reduce biofilm
formation, quorum sensing, and virulence in Escherichia coli 0157:
H7. Biofouling 27, 1095-1104.

Lee, D.S., Sinno, S. and Khachemoune, A. (2011b) Honey and wound
healing an overview. Am. J. Clin. Dermatol. 12, 181-190.

Maddocks, S.E., Lopez, M.S., Rowlands, R.S. and Cooper, R.A. (2012)
Manuka honey inhibits the development of Streptococcus
pyogenes biofilms and causes reduced expression of two
fibronectin binding proteins. Microbiology 58, 781-790.

Majno, G. (1975) Grease honey and lint. The Healing Hand. Man and
Wound in the Ancient Days, Harvard University Press, Cambridge,
Massachusetts. pp 115-120.

Majtan, J., Bohova, J., Prochazka, E. and Klaudiny, J. (2014)
Methylglyoxal may affect hydrogen peroxide accumulation in
manuka honey through the inhibition of glucose oxidase. J. Med.
Food 17, 290-293.

Matthews, K.A. and Binnington, A.G. (2002) Wound management
using honey. Comp. Cont. Educ. Pract. Vet. 24, 53-60.

Mavric, E., Wittmann, S., Barth, G. and Henle, T. (2008) Identification
and quantification of methylglyoxal as the dominant antibacterial
constituent of Manuka (Leptospermum scoparium) honeys from
New Zealand. Mol. Nutr. Food Res. 52, 483-489.

Merckoll, P., Jonasson, T.O., Vad, M.E., Jeansson, S.L. and Melby, K.K.
(2009) Bacteria, biofilm and honey: a study of the effects of honey
on ‘planktonic’ and biofilm-embedded chronic wound bacteria.
Scand. J. Infect. Dis. 41, 341-347.

Molan, P.C. (1992) The antibacterial activity of honey. 2. Variation in
the potency of the anibacterial activity. Bee World 73, 59-76.

Molan, P.C. (1999) The role of honey in the management of wounds.
J. Wound Care 8, 415-418.

Molan, P. (2001).Why honey is effective as a medicine. 2. The scientific
explanation of its effects. Bee World 82, 22-40.

Molan, P.C. (2006) The evidence supporting the use of honey as a
wound dressing. Int. J. Lower Extrem. Wounds 5, 40-54.

Molan, P.C. (2011) The evidence and the rationale for the use of
honey as a wound dressing. Wound Pract. Res. 19, 204-220.

Nisbet, H.O., Nisbet, C., Yarim, M., Guler, A. and Ozak, A. (2010)
Effects of three types of honey on cutaneous wound healing.
Wounds: Comp. Clin. Res. Pract. 22, 275-283.

Roberts, A., Maddocks, S.E. and Cooper, R.A. (2011) Manuka honey is
bactericidal against Pseudomonas aeruginosa and results in
differential expression ofOprF andalgD.Microbiology 158, 3005-3013.

Serralta, V.W., Harrison-Balestra, C., Cazzaniga, A.L., Davis, S.C. and
Mertz, P.M. (2001) Lifestyles of bacteria in wounds: presence of
biofilms? Wounds 13, 29-34.

Shah, M., Foreman, D.M. and Ferguson, M.W.J. (1995) Neutralization
of TGF-beta1 and TGF-beta2 or exogenous addition of TGF-
beta3 to cutaneous rat wounds reduces scarring. J. Cell Sci.
108, 985-1002.

Snow, M.J. and Manley-Harris, M. (2004) On the nature of non-
peroxide antibacterial activity in New Zealand manuka honey.
Food Chem. 84, 145-147.

Tarnuzzer, R.W. and Schultz, G.S. (1996) Biochemical analysis of acute
and chronic wound environments. Wound Repair Regen. 4, 321-
325.

Theoret, C. and Wilmink, J.M. (2008) Why do horses develop
exuberant granulation tissue and how do we deal with it? In:
Proceedings of North American Veterinary Conference: Large
Animal, Orlando. pp 237-240.

Theoret, C.L., Barber, S.M., Moyana, T.N. and Gordon, J.R. (2001)
Expression of transforming growth factor beta 1, beta 3, and basic
fibroblast growth factor in full-thickness skin wounds of equine limbs
and thorax. Vet. Surg. 30, 269-277.

Tonks, A., Cooper, R.A., Price, A.J., Molan, P.C. and Jones, K.P. (2001)
Stimulation of TNF- alpha release in monocytes by honey. Cytokine
14, 240-242.

Tonks, A.J., Cooper, R.A., Jones, K.P., Blair, S., Parton, J. and Tonks, A.
(2003) Honey stimulates inflammatory cytokine production from
monocytes. Cytokine 21, 242-247.

Tonks, A.J., Dudley, E., Porter, N.G., Parton, J., Brazier, J., Smith, E.L.
and Tonks, A.A. (2007) 5.8-kDa component of manuka
honey stimulates immune cells via TLR4. J. Leukocyte Biol. 82:
1147-1155.

Wang, R., Strakey, M., Hazan, R. and Rahme, L.G. (2012) Honey’s
ability to counter bacterial infections arises from both bactericidal
compounds and QS inhibition. Front. Microbiol. 3, 144.

White, J.W., Schepartz, A.I. and Subers, M.H. (1963) Identification of
inhibine, the antibacterial factor in honey, as hydrogen peroxide
and its origin in a honey glucose-oxidase system. Biochim.
Biophysica. Acta. 73, 57-70.

Wilmink, J.M., Veenman, J.N., van den Boom, R., Rutten, V., Niewold,
T.A., Broekhuisen-Davies, J.M., Lees, P., Armstrong, S., van Weeren,
P.R. and Barneveld, A. (2003) Differences in polymorpho-
nucleocyte function and local inflammatory response between
horses and ponies. Equine Vet. J. 35, 561-569.

© 2015 EVJ Ltd

664 EQUINE VETERINARY EDUCATION / AE / DECEMBER 2015

Advertisers’ Index 
 
Arenus …………………………………..Cover 4  Patterson Veterinary, Equine Division ….XIV 
Boehringer Ingelheim Vetmedica, Inc. …668  Platinum Performance …………………..XIII 
IDEXX ………………………………….622B  PRN Pharmacal ……………………........626A 
Kentucky Performance Products ……….Cover 2  PulseVet Technologies ……………….....664A 
Luitpold Animal Health ………………...636A, Cover 3 Purina …………………………………....654B 
Merck Animal Health ………………......664B  SmartPak ………………………………...622A 
Nutramax …………………………….....632   Zoetis …………………………………….654A 
 
 



TRUSTgoes both ways.
Clinically proven to speed healing when it matters most.

Customer Service: (800) 245-4417  •  Questions: info@pulsevet.com

PulseVet’s VersaTron shock wave 
technology is the trusted treatment for 
healing performance horses after injuries 
and quickly returning them to competition. 

Backed by peer-reviewed and published 
clinical research, PulseVet’s medical devices are used by veterinary 
surgeons and equine practitioners across the globe as standard 
treatment protocol in their practice. 

Top vets know when results matter, PulseVet delivers.

“Utilized by more veterinary clinics and universities worldwide.”

Official Shock Wave Therapy of the 
United States Equestrian Federation

mailto:info@pulsevet.com


2 Giralda Farms • Madison, NJ 07940 • merck-animal-health-usa.com • 800-521-5767
Copyright © 2015 Intervet Inc., d/b/a/ Merck Animal Health, a subsidiary of Merck & Co., Inc.
All Rights reserved. 51358 2/14/ EQ-1244

The Science of 
         Healthier Animals

1  UC Davis (Nicola Pusterla) & Merck Animal Health. Infectious Upper Respiratory     
Surveillance Program. Ongoing Research 2008-present.

2

Visit us online to learn more about   
Merck Animal Health and the equine products 
and programs that help you keep horses healthy.

The Science 
of Exceptional

Trust Flu Avert® I.N. for superior protection  
 

1

•  Just ONE dose required

 

     -   Intranasal application leaves no risk for  
 

training or competing

•    Rapid onset of protection
 

 
2  

2 Giralda Farms • Madison, NJ 07940 • merck-animal-health-usa.com • 800-521-5767
Copyright © 2015 Intervet Inc., d/b/a/ Merck Animal Health, a subsidiary of Merck & Co., Inc.
All Rights reserved. 51358 2/14/ EQ-1244

The Science of 
         Healthier Animals

http://www.merck-animal-health-usa.com


Critically Appraised Topic

Will rapid abdominal ultrasound help you to decide whether to
take a colic to surgery?
R. J. Naylor
Equine Referral Hospital, Royal Veterinary College, Hatfield, UK.
Corresponding author email: rnaylor@rvc.ac.uk

Background
Rapid abdominal ultrasonography is frequently used in the
evaluation of human trauma patients to determine the need
for exploratory laparotomy. Over the last 2 decades it has
been applied to the preliminary assessment of the horse with
acute abdominal pain where the initial objective is to
differentiate surgical from nonsurgical lesions. Targeted
examination techniques have been described that evaluate
intestinal motility, wall thickness and luminal contents, the
volume of pleural and peritoneal fluid, size of the stomach and
the ability to visualise the left kidney.

Search strategy
Medline was searched using the following terms:

1. Equine colic AND ultrasound AND surgery
2. Equine colic AND ultrasound AND diagnosis

Studies that investigated the diagnostic accuracy of
abdominal ultrasonography in horses with colic were critically
evaluated.

Quantity of evidence
In one prospective study the outcome was defined as need for
surgery (Busoni et al. 2011) whereas the remaining 7 studies
used a definitive diagnosis for categorising outcome.
Therefore the research question was refined to determine the
ability of ultrasound to specifically diagnose strangulating

small intestinal lesions, large colon volvulus, left and right
displacements of the large colon.

1. Can abdominal ultrasound predict the need for
surgery?
The sole study that combined data for all surgical cases is
limited by the small samples size, as only 13 horses were
defined as surgical, this precluded statistical comparisons for
many abnormal ultrasound findings other than dilated turgid
loops of small intestine. As data for all surgical cases is
combined the apparent sensitivity of abnormal findings is
lower than in other studies where specific diagnoses are used
as outcome.

In the study mentioned above and those studies discussed
below, the results reflect findings in a referral population. In all
of the reported studies the results reflect findings in a referral
population, where the ultrasonographer was not blinded to
other clinical findings at admission. As the prevalence of
lesions will be different in first opinion practice the PPV and NPV
may vary from those reported (Table 1).

2. Is abdominal ultrasound useful for diagnosing
small intestinal strangulating lesions?
Two studies evaluated the significance of distended small
intestine (DSI) on ultrasound in the diagnosis of strangulating
small intestinal lesions (Klohnen et al. 1996; Beccati et al. 2011).
In Beccati et al. (2011) a definitive diagnosis was confirmed at
surgery or post mortem examination therefore a bias for
including more severe cases likely exists, whilst in Klohnen et al.

TABLE 1: The diagnostic utility of ultrasonographic abnormalities to predict the need for surgery

Study Design
Abnormality on

ultrasound Outcome Sensitivity %
Specificity

% PPV % NPV %

Busoni et al. 2011
Liege

Prospective
n = 36 horses

Dilated turgid
loops of SI

Need for
surgery n = 13

62 96 89 81

TABLE 2: The diagnostic utility of dilated small intestine to predict a strangulating small intestinal lesion

Study Design
Abnormality on

ultrasound Outcome Sensitivity %
Specificity

% PPV % NPV %

Klohnen et al. 1996
California

Prospective
n = 226 and n = 20
normal controls

DSI (regardless of
motility) n = 74

Strangulating small
intestinal lesion

98 84 62 99

Amotile DSI 100 100 100 100

Beccati et al. 2011
Perugia

Retrospective
n = 158

DSI loops Strangulating small
intestinal lesion
n = 45

76 73 55 87
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(1996) 74 cases responded to medical management and
therefore a definitive diagnosis was not confirmed (Table 2).

3. Is abdominal ultrasound useful for diagnosing left
dorsal displacement of the large colon (LDDC)?
Three case series evaluated the diagnostic value of
abdominal ultrasound in diagnosing LDDC (Santschi et al.
1993; Beccati et al. 2011; Busoni et al. 2011). In Santschi et al.
(1993) the diagnosis was not confirmed using a different
method such as rectal examination in a proportion of the
cases, therefore it is not appropriate to extrapolate predictive
values (Table 3).

4. Is abdominal ultrasound useful for diagnosing
volvulus of the large colon?
Two studies have evaluated colon wall thickness in diagnosing
large colon (LC) volvulus (Pease et al. 2004; Beccati et al.
2011), in which the diagnosis was confirmed at post mortem
examination or exploratory laparotomy. Pease et al. (2004)
used other LC disorders as the control group whilst all other
diagnoses were used in Beccati et al. (2011). Another small
case series describes the absence of ventral sacculations in 4
horses with LC volvulus (Abutarbush 2006) (Table 4).

5. Is abdominal ultrasonography useful for
diagnosing right dorsal displacements of the large
colon?
Two studies describe the presence of abnormal colonic vessels
on the right side of the abdomen in diagnosing right dorsal
displacements (RDDC) or 180 degree colon torsions (Grenager

and Durham 2011; Ness et al. 2012). In both studies the
diagnosis was confirmed at surgery. A control group of surgical
colics without RDDC/180 degree volvulus was included by
Ness et al. (2012), but there was no control group in Grenager
and Durham (2011) (Table 5).

Application of results to clinical practice
The presence of amotile turgid small intestinal loops is highly
specific for a surgical colic lesion and more sensitive for a
strangulating small intestinal lesion. An inability to visualise the
left kidney is poorly predictive of a left dorsal displacement of
the large colon due to the number of false positives observed
in 2 studies, whereas visualising the left kidney is more useful in
ruling out a LDDC. Thickened large colon wall (>9 mm) in the
ventral abdomen is very specific for a large colon volvulus
whilst visualisation of abnormal colonic vessels on the right of
the abdomen are highly specific for right dorsal displacement
or a 180 degree colon volvulus.

Conclusions
There is moderate evidence that abdominal ultrasonography
is a useful adjunct in the preliminary evaluation of the equine
colic patient. Larger scale prospective studies are needed to
confirm these preliminary findings, particularly to determine
the value of ultrasound for diagnosing large colon
displacements.
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TABLE 3: The diagnostic utility of ultrasonographic abnormalities to predict left dorsal displacement of the large colon

Study Design
Abnormality on

ultrasound Outcome Sensitivity %
Specificity

% PPV % NPV %

Beccati et al. 2011
Perugia

Retrospective
n = 158

Inability to visualise left
kidney n = 16

LDDC 87 83 42 87

Busoni et al. 2011
Liege

Prospective n = 36 Inability to visualise left
kidney n = 7

LDDC * * 29 *

Santschi et al. 1993
Florida

Prospective n = 82 Gas filled LC lateral to or
displacing the dorsal
margin of the spleen
n = 40

LDDC * * * *

* Unable to calculate from data provided.

TABLE 4: The diagnostic utility of ultrasonographic abnormalities to predict large colon volvulus

Study Design
Abnormality on

ultrasound Outcome Sensitivity %
Specificity

% PPV % NPV %

Beccati et al. 2011
Perugia

Retrospective
n = 158

Thickened LC LC volvulus
n = 9

67 86 87 97
Absent motility of LC 63 77 77 96

Pease et al. 2004
Cornell

Prospective
n = 40

Thickness of large colon:
>9 mm

LC volvulus
n = 12

67 100 100 88

>7 mm 83 96 91 93
>5 mm 92 96 92 96

Abutarbush 2006
Saskatoon

Descriptive
n = 4

Nonsacculated dorsal
colon against ventral
body wall

180/540 degree LC
volvulus

* * * *

* Unable to calculate from data provided.
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Video S1. A video demonstrating endoscopic placement of
the button gastropexy and PEG tube.
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