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Wellness visits
have been upgraded from “suggested” to

REQUIRED

You know that taking the best care of your clients’ horses requires regular wellness visits and 
preventive care. We know that, too. That’s why we require all horses enrolled in our ColiCare 
colic surgery reimbursement program stay up to date on annual exams, vaccinations and a 
deworming program�—�all through their veterinarian. 

We also require that horses in the ColiCare program receive year-round, daily administration 
of SmartDigest® Ultra, our comprehensive GI health formula. We’re so confident in the 
combination of regular veterinary care and SmartDigest Ultra that every horse enrolled in 
ColiCare is eligible for up to $7500 of colic surgery reimbursement. 

That’s how ColiCare gives you healthy patients and a healthy practice.

Learn more about the ColiCare program today at 
SmartPak.com/ColiCareDVM or call 1-888-472-5229

http://www.SmartPak.com/ColiCareDVM
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At the recent AAEP Annual Convention in Nashville, several 
questions were posed to the Professional Conduct and Ethics 
Committee regarding potential conflicts of interest when 
conducting a prepurchase 
examination. This 
stimulated discussion 
within the committee and 
in the purchase exam 
roundtable. Several publi-
cations in recent years have 
addressed such conflicts, as 
did the Ethics in Veterinary 
Medicine session at the 
convention.1, 2

The most common 
potential conflict we 
encounter in practice is one 
in which both the buyer 
and the seller are clients of 
the examiner’s practice. In 
the past, many have stated 
that one should not 
perform such an examination, and this is certainly one 
option. However, in many cases both buyer and seller do not 
object to such and are comfortable with you performing the 
exam. This requires that there is full disclosure to all parties 
that you have a relationship with and there is full disclosure 
of all medical records and history of this animal by the seller. 
In my opinion, under these conditions, the potential conflict 
can be avoided and all parties are served. One should always 
document such potential conflicts and have all parties sign 
off on such. When a situation arises that there is not full 
disclosure of all medical history, you should walk away from 
the exam and advise the buyer politely that you feel a 
conflict and suggest another practice do the exam.  

One question that was put to the committee concerned 
basing the fee for the exam on a percentage of the purchase 
price if the buyer does purchase the horse. This is a clear 
conflict of interest and has great potential to influence the 
interpretation of findings in favor of the seller. Many very 
expensive animals are examined by veterinarians daily and 
some of these require extensive workups. We should be paid 
a just fee for these intense examinations but our fee should 
never be tied to whether a sale goes through.

In bloodstock sales it is not uncommon to have a licensed 
veterinarian acting both as a bloodstock agent and as an 
examining veterinarian. This is a specialized area and one 
in which conflicts of interest do arise. The bloodstock 
agent component often is billed as a percentage of the 

purchase price that the animal brings at public auction or 
in a private transaction. The veterinary exam should be 
billed separately and documented well; again, full 

disclosure to the client is 
necessary.

The following statement 
from Harry Werner, VMD, 
effectively sums up these 
conflicts:3

“Potential conflicts of 
interest, real or perceived, 
commonly present ethical 
challenges to performance 
of prepurchase examina-
tions. Historically, this issue 
was addressed with a 
simple and short list of cir-
cumstances under which it 
was recommended that an 
equine practitioner decline 
to perform the examina-

tion. In reality, while some relationships clearly do represent 
a conflict, others do not or can be indemnified from such 
criticism by timely and full disclosure to all parties.
 
“Few would question that the veterinarian should decline 
performing the examination if he/she owns any equity 
interest in the horse or stands to gain monetarily from the 
outcome of the sale. However, an oft-repeated admonition 
over the years has been to avoid examining any horse when 
the examiner has a ‘professional relationship’ with the seller 
or agents for the seller. This, in the opinion of many, is an 
unrealistic and unnecessary prohibition. In fact, a strong case 
can be made that the examiner with firsthand knowledge of 
the horse brings added value to the buyer, providing that the 
seller authorizes full disclosure of the medical history. 
Additionally, many times the buyer’s veterinarian also serves 
the seller in the same form and the buyer clearly expresses 
that he/she prefers this veterinarian perform the examina-
tion. It is my opinion that the answer to the ‘conflict of 
interests’ dilemma lies in full disclosure to all parties of the 
horse’s medical history and the examiner’s relationship with 
the seller and the horse.”

Dr. Werner’s statement is a good working document for all 
veterinarians conducting prepurchase exams. However, if 
one suspects that full disclosure is not going to prevent a 
conflict then all parties are better served by the practitioner 
recusing themselves and advising the purchaser on the 
selection of another colleague.

Ethics: Conflicts of interest in the purchase exam

Dr. R. Reynolds Cowles Dr. Harry Werner performs a 
purchase exam.

By R. Reynolds Cowles, DVM

Continued on page IV.
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Share your research and knowledge at the 60th Annual Convention in Salt Lake City
Deadline to submit an educational paper is March 17

On the heels of an annual convention that received high 
marks for the depth and practicality of its educational 
program, AAEP members and others are invited to 
submit papers for consideration for presentation during 
the 60th AAEP Annual Convention in Salt Lake City, 
Utah, Dec. 6-10, 2014.

The following paper types are being accepted until 
March 17:

Scientific paper presentations are limited to 20 minutes 
each plus five minutes for Q&A during the program and 
should be a minimum of 600 words. Special attention 
will be given by the Educational Programs Committee to 
material with practical content or new information. 

How-to papers are limited to 15 minutes each plus five 
minutes for Q&A and are presented to describe and 
explain a technique or procedure used in veterinary 
medicine or the equine industry. The technique should 
be relatively new or not widely understood or used in 
practice. There is no word limit for how-to papers. 

Review papers are limited to 20 minutes each plus five 
minutes for Q&A and are presented for the purpose of 
updating the membership on a new subject or for 

gathering information that may be conflicting. Although 
a review paper does not necessarily contain original 
data, it is anticipated that the presenter will have 
considerable experience in the field.

Abstracts ≤ 250 words are limited to 20 minutes plus 
five minutes for Q&A. Authors who intend to publish 
in a refereed journal may submit an abstract ≤ 250 
words. An abstract conforming to the AAEP 
instructions for authors must also be submitted (for 
review purposes only) to allow the reviewers to assess 
the experimental design, materials and methods, 
statistical analyses, and results (with graphs, tables, 
charts, etc.) and to discuss the results as it pertains to 
interpretation and conclusions.

The Business of Practice papers may cover any business 
management topic that can help the practitioner and 
their practice achieve more success and improve 
profitability. Special emphasis will be on the theme 
“Collaboration by Choice” with the intent of 
demonstrating how to build productive partnerships, 
whether with clients, coworkers, colleagues or others 
within the equine industry.

As an aid to private practitioners, first-time authors or 
members seeking guidance with their submission, the 
AAEP offers a mentorship program in which 
experienced presenters are available to provide advice 
and direction. However, mentors are not responsible for 
rewriting or selecting material. To access a list of 
available mentors or view sample paper submissions, 
visit www.aaep.org.

Complete considerations and ethical guidelines are 
accessible through the “Education” button within the 
“Members” section of www.aaep.org. All papers must 
be submitted at http://aaep2014.abstractcentral.com by 
March 17, 2014, 3:00 p.m. ET. Contact Carey Ross, 
scientific publications coordinator, at cross@aaep.org 
with questions concerning educational paper 
submission. 

Paper submissions are being accepted until March 17 for the 
60th Annual Convention in Salt Lake City, Utah.

Dr. Cowles is the chair of the AAEP’s Professional Conduct 
and Ethics Committee and the past president of Blue Ridge 
Equine Clinic in Earlysville, Va.

References:
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The veterinary profession comprises a diverse group, and 
our perspectives on animal welfare issues are understandably 
influenced by the type of practice in which we are involved – 
be it equine, small 
animal, or one of the 
myriad other possibili-
ties. Individual 
viewpoints may differ 
but each is valuable, 
thus creating potential 
confusion for veterinary 
organizations as to how 
to address some animal 
welfare issues.

This was the backdrop 
for an AVMA 
conference in November 
entitled “The 
Conversation: Can You 
Hear Me Now?” that I 
attended with fellow 
AAEP Welfare and Public Policy Advisory Council members 
Drs. Tom Lenz and Jeremy Whitman. The idea behind the 
conference was to provide a “safe” environment for veteri-
narians from all aspects of medicine to collaborate on their 
unique welfare challenges in order to gain a better apprecia-
tion for each other’s perspectives and a broader understand-
ing of how we develop our views so as to come to common 
ground on how we address welfare issues. This is a critical 
first step in presenting ourselves to the general public as 
animal welfare advocates with a cohesive message.

The first day of the conference featured lectures by animal 
welfare leaders on the history, definitions, semantics and 
ethics of welfare; descriptions of how to perform welfare 
assessments; and reviews of the foremost welfare issues in 
each major field of veterinary medicine (Dr. Lenz gave the 
equine lecture). Significant focus centered on the fact that 
each of us brings inherent biases to the discussion, which is 
fine as long as we are transparent about it and recognize it. 
Furthermore, our decision on what is acceptable welfare is 
based not only on the more objective assessment that is 
done, but is strongly influenced by a societal filter of social/
cultural factors, economic factors, geographic factors, envi-
ronmental factors, public relations, stakeholder values and 
historical tendencies.

The second day consisted mostly of discussions among small 
groups comprised of practitioners from different segments of 
veterinary medicine. They were asked to perform welfare 

assessments on similar groups of animals and determine 
which scenario was more welfare-friendly. After the routine 
assessment, the main – and more interesting – discussion 
concerned the societal filter that influences how we 
ultimately make decisions about animal welfare. After the 
small-group dialogue, all attendees discussed and reviewed 
the assessment.

I was further selected to be a part of a 13-member 
working group that not only created and presented the 
scenarios for the second day of the conference but also 
met for an additional day to review the conference, discuss 
how the AVMA should try to address the diversity of 
opinions from within the profession on animal welfare 
issues, and create an action plan. We concurred that the 
AVMA should continue to be an advocate for animal 
welfare, though understand that appeasing all sides on all 
issues will continue to be difficult. We also had extensive 
discussion on just exactly what it means for us to be 
advocates for animal welfare. 

Moving forward, the plan is to try to bring a condensed 
version of this conference to more AVMA members – 
perhaps starting with AVMA leaders and leaders of constit-
uent groups such as AAEP and others. We would also like 
to bring this “conversation” to state VMAs and possibly 
offer an online module. Lastly, it seems both obvious and 
imperative to initiate discussions like this during veterinary 
school so that this type of thinking is ingrained in 
veterinary education. 

I came away from this conference both inspired and, 
admittedly, a little frustrated. I was inspired by how well we 
communicated about the issues within the framework of the 
conference. However, this was obviously a group of veteri-
narians who self-selected for their attendance. I was also 
inspired to help move this conversation forward as it 
became apparent how critical that will be in order for the 
public to view us as the advocates for animal welfare. My 
frustration lies in the realization of how difficult it will be to 
achieve consensus among veterinarians when we are such a 
diverse group. We determined that a reasonable starting goal 
is to understand the value in various views and sometimes 
agree to disagree without alienating a constituent group 
when consensus is not possible. I think we all were inspired 
to keep up the momentum that this very interesting and 
innovative conference started.

Dr. Grenager owns Grenager Equine Consulting, LLC, in 
Warrenton, Va., and is a member of the AAEP’s Welfare and 
Public Policy Advisory Council. 

Equine Welfare: Laying the groundwork for a coherent animal welfare message

Dr. Nora Grenager

By Nora Grenager, VMD, DACVIM
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AAEP Foundation/Markel scholarship program marks quarter-century of supporting veterinary education

Eight exceptional 
veterinary students 
committed to 
careers in equine 
medicine received 
$2,500 scholar-
ships from the AAEP Foundation and Markel during the 
AAEP’s 59th Annual Convention in Nashville, Tenn. 

Having just completed its 25th year, the annual scholar-
ship program awards financial support to fourth-year 
veterinary students who are proven leaders at their 
veterinary schools, advocates for equine welfare, and 
academic achievers. Since inception of the program in 
1989, 178 veterinary students have received more than 
$380,000 in scholarship support.

Scholarships are a staple of annual grant funding from the 
AAEP Foundation and dually represent an investment in 
the future generation of the profession and a commitment 
to the ongoing welfare of the horse. With Markel’s 
generous and longstanding support, these scholarships 
continue to help recipients reach their professional goals. 

Congratulations to the following 2013 recipients:

Rosemary Bayless
Kansas State University
Observing and assisting veterinarians 
on trips to the barn where she 
boarded her horse helped cement 
Rosemary Bayless’ ambition to 
pursue equine veterinary medicine. 
As president of her AAEP student 
chapter, Bayless organized monthly 
meetings and helped coordinate wet 
labs, short courses and open house 

booths. Following graduation, Bayless will begin an 
internship with Rood and Riddle Equine Hospital in 
Lexington, Ky. She hopes to enter a combined equine 
internal medicine residency and master’s or doctoral 
program and eventually practice as an internist in private 
practice or as a clinical professor at a veterinary school.

Rebecca Gilday
Western CVM,  
University of Saskatchewan
As an executive member of her 
AAEP student chapter, Rebecca 
Gilday served two years as chapter 
representative to the Equine Health 
Research Fund, which raises funds to 
support equine research at Western 
CVM and administers related grant 
applications. Her primary interest is 

maintaining the performance of equine athletes, with 
particular emphasis on surgery, lameness, podiatry, acupunc-
ture, chiropractic work, dentistry and nutrition. Gilday has 
accepted an internship with Littleton Equine Medical Center 
in Littleton, Colo., and would like to pursue a residency in 
equine sports medicine and rehabilitation or equine surgery.

Christine Jones
The Ohio State University
Leadership in her AAEP student 
chapter provided Christine Jones 
with invaluable networking 
opportunities and communication 
skills development. As chapter 
secretary and vice president, she 
organized numerous events, 
including a trip to Lexington, Ky., 
to introduce chapter members to 

the region’s Thoroughbred industry. In addition to 
general equine medicine and surgery, Jones possesses 
keen interest in sports medicine, specifically in the areas 
of lameness, special imaging modalities and regenerative 
therapies. Following graduation, she will complete an 
internship with Southern Equine Service in Aiken, S.C.

Kathryn Livesey
University of Wisconsin
As the daughter of a veterinary 
pathologist and a large animal 
surgeon, Kathryn Livesey has 
longed to follow in her parents’ 
footsteps. She served as president 
of her AAEP student chapter, 
helping organize wet labs, guest 
speakers and volunteer opportuni-
ties. She also performed equine 

volunteer work at the Pine Ridge Reservation in South 
Dakota and participated in a field study of the 
prevalence of brucellosis in dairy cows in Ecuador. Upon 
graduation, Livesey will complete an internship at Mid-
Atlantic Equine Medical Center in Ringoes, N.J., with an 
eye toward a career focused on surgery and lameness.

Elise Madara
Louisiana State University
Elise Madara credits her AAEP 
student chapter experience for 
development of her leadership, 
communication and veterinary 
skills. During her time as presi-
dent-elect and president, she 
helped organize lunch meetings, 
wet labs, horse-handling labs and 
the chapter’s initial community 
outreach fund-raiser, Equi-Day. 



EQUINE VETERINARY EDUCATION / AE / FEBRUARY 2014 VII

Touch Point: The qualities that separate great veterinarians from good ones

AAEP’s market research with owners and 
trainers revealed they are currently very 
satisfied with their veterinarians. 
However, more than half of owners said 
they had fired a veterinarian at some 
point. While satisfaction with equine 
veterinary care is currently high, it may 
take an owner a few attempts before 
they find a veterinarian they like for the 
long term.

Looking at the differences between owners who are 
satisfied versus dissatisfied with their veterinarians 
reveals the key factors that distinguish great veterinarians 
from good ones. Attributes like “veterinarian values my 

opinion”; “demonstrates compassion for 
my horse”; and “veterinarian is good at 
explaining diagnoses and treatment 
options” received very favorable rankings 
from owners who were satisfied with 
their current veterinarian. Owners who 
were dissatisfied gave very low 
satisfaction rankings in these and other 
key attribute areas.

Excellent communication skills and empathy for the 
client and the horse can truly set veterinarians apart. To 
learn more about our research in this area and access 
tools and resources that can help you strengthen your 
relationships with clients, visit touch.aaep.org.

Madara, who has a special interest in equine dentistry 
and ophthalmology, has accepted a post-graduation 
internship with Carolina Equine Hospital in Browns 
Summit, N.C., and would like to become an associate at 
an equine or mixed-animal practice thereafter.

Kelly McGowan
University of Florida
After a career in geology as an 
environmental consultant with 
horses as a hobby, Kelly McGowan 
reversed those roles four years ago. 
With geology now her hobby, she 
will join Mandarin Equine 
Veterinary Service in Jacksonville, 
Fla., as an associate veterinarian 
upon graduation. Her main areas 

of interest are reproduction and sports medicine, and she’d 
eventually like to own a performance horse practice. In 
addition to stints as vice president and president of her 
AAEP student chapter, she served as Bayer student repre-
sentative and worked as an overnight tech in the college’s 
clinical pathology laboratory.

Joseph Pluhar
Texas A&M University
Caring for and training the 
reining and all-around horses he 
showed across the U.S. and in 
Australia while growing up in the 
Texas Panhandle spurred an early 
interest in equine medicine for 
Joseph Pluhar. He served as vice 
president of his AAEP student 
chapter and has helped organize 

and instruct at the university’s annual EP wet lab – the 
world’s largest student-run wet lab. Pluhar plans to 
secure a position in an equine or mixed-animal practice 
upon graduation, be active in policy matters at the state 
and federal levels, and use his MBA to improve the 
business side of his employer’s practice.

Kami Vickerman
University of Minnesota
Successfully caring for wounds 
sustained by her aunt’s horse while 
in high school helped Kami 
Vickerman realize that animal care 
should be her career focus. Within 
her AAEP student chapter, 
Vickerman helped coordinate the 
Horse Angels Program, which 
teams up student volunteers to 
groom and interact with the uni-

versity’s teaching horses. She also served as education 
chair in which she organized wet labs and monthly edu-
cational meetings. She is particularly interested in oph-
thalmology, lameness and surgery. Following graduation, 
Vickerman will complete an internship at Pioneer Equine 
Hospital in Oakdale, Calif. 

http://touch.aaep.org
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Reward exemplary service with a nomination for an AAEP award

Know of a colleague or group contributing substantially to 
the equine veterinary profession or well-being of horses?

Nominations are now being accepted for the annual 
AAEP awards, which honor individuals and groups 
serving their profession and the welfare of the horse in 
extraordinary ways. Nominations are being accepted in 
the following categories:

The Lavin Cup (The Equine Welfare Award) recognizes a 
non-veterinary organization or individual that has demon-
strated exceptional compassion or developed and enforced 
rules and guidelines for the welfare of horses.

The Distinguished Educator Award (Academic) honors an 
individual educator who by his or her actions and 
commitment has demonstrated a significant impact on the 
development and training of equine practitioners.

The Distinguished Educator Award (Mentor) honors an 
individual who by his or her actions and commitment has 
demonstrated a significant impact on the development and 
training of equine practitioners through mentoring.

The Distinguished Service Award recognizes an individual 
who has provided exemplary service to the AAEP or a 
similar organization to the benefit of the horse, horse 
industry or the profession of equine veterinary medicine.

The George Stubbs Award recognizes the contributions 
made to equine veterinary medicine by individuals other 
than veterinarians.

The Sage Kester Beyond the Call Award is named in honor 
of its first recipient, the late General Wayne O. “Sage” Kester, 
DVM, and represents the highest honor bestowed by the 
AAEP upon a current or former member. The award is 
presented to an individual who has made significant and 
long-lasting contributions to equine veterinary medicine and 
the community.

Note: Nominations for the Sage Kester Beyond the Call 
Award will be accepted from active AAEP members only.

The AAEP Research Award has been established to 
highlight the value of equine research and recognize an 
individual who has completed research that has or will 
make a significant impact on the diagnosis, treatment or 
prevention of equine disease. Nominations are open to all 
individuals whose research is acknowledged by presentation 
or publication and by peer review as a significant advance-
ment in equine medicine or innovation in equine science. 
Nominees must have had their research presented or 
published during the two years prior to when nominations 
are submitted to the AAEP.

Award winners will be determined by the AAEP Nominating 
Committee and will then be presented to the board of 
directors for their approval. For the AAEP Research Award, 
the Nominating Committee will form an ad hoc research 
subcommittee, comprised of up to five members who are 
qualified to evaluate the research and its significance. The 
subcommittee will make a recommendation to the 
Nominating Committee to approve or not approve the 
award for that year.

The award nomination form is available at www.aaep.org/
custdocs/2014AwardNominationForm.pdf or by contacting 
Sue Stivers, executive assistant, at (859) 233-0147 or 
sstivers@aaep.org. Nominations for the AAEP Research 
Award must be received by May 15, 2014; nominations in 

all other award categories are due by 
June 30, 2014.

Award recipients will be honored  
at the AAEP’s 60th Annual 
Convention in Salt Lake City, Utah, 
Dec. 6-10, 2014.

Dr. Frank Nickels accepts the Distinguished Educator Award 
(Academic) from 2013 AAEP President Dr. Ann Dwyer 
during the 59th Annual Convention in Nashville, Tenn.

http://www.aaep.org/custdocs/2014AwardNominationForm.pdf
mailto:sstivers@aaep.org
http://www.aaep.org/custdocs/2014AwardNominationForm.pdf
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Help your clients respond to a suspected colic 

Calling all photographers 
Submit your best shot for a potential EVE cover

Have you snapped a horse photo you’re particularly 
proud of? If so, we’d love to see it and potentially use it 
on a future cover of Equine Veterinary Education. 

Each of the past 13 months, a different member-
captured photograph showcasing the beauty and 
majesty of the horse has appeared on the cover of EVE. 
Some have depicted horses excelling at specific tasks; 
others interacting with humans or animals; and a few 
simply enjoying the serenity of life on the farm. 

To be considered for the cover, the photo must be at 
least 8 x 6 ¼ inches horizontal at 300 dpi, preferably in 
a jpg format. Please send your photo along with a brief 
description and the date it was taken to John Cooney, 
AAEP publications coordinator, at jcooney@aaep.org.

Time is of the essence when colic 
strikes. Do your clients know how 
to respond?

Help your clients recognize and 
respond to the warning signs by 
providing them with the AAEP’s 
client education brochure Colic: 
Minimizing Its Incidence and 
Impact on Your Horse. 

Besides listing the many telltale signs of colic and the  
steps owners should and shouldn’t take after noticing  
such clues, the brochure identifies the information owners 
should be prepared to provide their veterinarian, lists 
treatment options and provides tips to help prevent colic.

Colic: Minimizing Its Incidence and Impact on Your 
Horse is sponsored by AAEP Educational Partner Bayer 
and available in packages of 25 brochures. Each package 
is $6. To order, visit www.aaep.org/-c-15.html or contact 
Kristin Walker at kwalker@aaep.org or (859) 233-0147.
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Social Media Practice Tip: YouTube

YouTube is the second most popular online search 
engine and horse owners are using it more and more to 

find out horse health 
information. It is easier than 
ever to make videos; all you 
need is a smart phone and a 
video editing app. If you own an 
iPad or Mac, you can use 
Apple’s iMovie to simply edit 
your footage. The main thing to 
consider is to keep your videos 

around two minutes long or less. Our most popular 
videos are the ones that feature very common 
procedures that horse owners might have to do such as 
treating an eye or administering an I.M. shot.

YouTube “To Do” For You: A good starting video is to 
demonstrate how to perform a TPR. Clients value this 
so they can do it themselves in case of an emergency 
and understand what the veterinarian is looking for.

By Mike Pownall, DVM

mailto:jcooney@aaep.org
http://www.aaep.org/-c-15.html
mailto:kwalker@aaep.org


X EQUINE VETERINARY EDUCATION / AE / FEBRUARY 2014

Merial is a world-leading animal health company, providing a comprehensive range of products to enhance 
the health, well-being and performance of a wide range of animals. An innovation-driven leader, Merial makes 

significant investments in research and development and is committed to developing 
pharmaceuticals and vaccines with the highest level of quality, safety and efficacy.

Besides the company’s dedication to bringing outstanding products to the equine 
pharmaceutical and vaccine market, Merial also is committed to partnering with 
veterinarians and veterinary technicians to help educate horse owners. Merial has several 
initiatives designed to foster veterinarian/horse owner communication and promote best 
practices in equine health care:

At merialequinerebates.com, horse owners can find coupons for significant savings on all 
Merial equine products, many of which are purchased exclusively through veterinarians.

Through equinedrugfacts.com, equine enthusiasts can learn about the importance of using FDA-approved drugs, and 
veterinarians or horse owners can file complaints with the appropriate authorities if they feel they’ve been misled by 
manufacturers of unapproved products.

The free Merial Outbreak Alert program, at outbreak-alert.com, enables participants to learn about the threat 
of equine disease locally and nationwide. Veterinarians can use this program to help inform horse owners about 
the threat of disease. The “Veterinarians Only” section of the site includes educational information designed for 
distribution to clients. 

At rethinkdeworming.com, horse owners can learn about the benefits of implementing a strategic deworming 
program and veterinarians can access and order educational materials.

Passionate about horses and those who care for them, Merial is an active supporter of the AAEP, serving as an 
Educational Partner, sponsoring convention events and programs and supporting the AAEP Foundation. Merial is 
also a sponsor of the American Association of Equine Veterinary Technicians Convention.

The MERIAL® Brand family of equine products includes ULCERGARD® (omeprazole), GASTROGARD® 
(omeprazole), ZIMECTERIN® Gold (ivermectin/praziquantel), MERIAL Equine Vaccines, RECOMBITEK® Equine 
West Nile Virus Vaccine and EQUIOXX® (firocoxib). 

AAEP Educational Partner Profile:  Merial

The AAEP welcomes new members and congratulates recent graduates

NEW MEMBERS:
Helen Cole, DVM,  

Blackstock, SC
Glenn Collard, DVM,  

Sao Paulo, Brazil
Imogen Comyn, DVM,  

Lexington, KY
Gonzalo De La Pena, DVM,  

Breitenfurt Bei Wien, Austria
Camila Freitas, Ph.D. DVM,  

Botucatu, SP, Brazil
Philippe Heiles, DVM,  

Les Breviaires, France
Ronni R. LaVine, DVM,  

Fayetteville, NC

Cindy Lenzen, DVM,  
Hamburg, MN

Joe Mayhew, DVM, Palmerston 
North, New Zealand

Barry Miller, DVM,  
Oakland, TN

Gwendolyn Jeanne Pfouts, DVM, 
Winchester, VA

Laura R. Proietto, VMD,  
Gainesville, FL

Patricia Salazar, DVM,  
San Clemente, CA

Kelly Jane Sampson, DVM,  
Waverly, IA

Jill Stohs, DVM,  
Overland Park, KS

Eric Shad Storey, DVM,  
Baton Rouge, LA

Renee V. Sykes, DVM,  
Galax, VA

Akiko Watanabe, DVM,  
Sara-Gun, Hokkaido, Japan

RECENT GRADUATES:
Laura Lee Anderson, DVM,  

Mount Horeb, WI
Bryan Beason, DVM,  

Sweetwater, TN
Lisa Ann Connor, DVM,  

Middleboro, MA
Lydia Katherine Cox, DVM,  

Ridgeland, SC
Hillary Suzanne Lobar, DVM,  

White Hall, NC
Lindsay MacNeil, DVM,  

Mabou, NS, Canada
Mary Marice Peter, DVM,  

O’Neill, NE

http://www.merialequinerebates.com
http://www.equinedrugfacts.com
http://www.outbreak-alert.com
http://www.rethinkdeworming.com
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Members in the News

Associate needed for mixed-animal practice in Texas

Simmons & Harlan Veterinary Clinic seeks an associate 
for its busy mixed animal practice that serves a wide 
rural area in North Texas. Located in the thriving city 
of Wichita Falls, where both urban and rural lifestyles 
can be enjoyed, our three doctor practice has a member 
that is looking to retire within the next year. Excellent 
mentorship will be provided during this transition if 
desired. New graduates are encouraged to apply. 

Facilities include updated small animal surgery and lab, 
as well as advanced diagnostics and treatment options, 
including Digital X-ray, CBC/Chem, two ultrasound 
units, digital endoscopy, and others. Complete equine 
surgical facilities as well as haul-in bovine facilities. 
Practice is 40% equine, 40% small animal, and 
approximately 20% food animal (concentrating on herd 
health). We are a mixed animal clinic with individual 
specialization encouraged. Practice has been a long 
standing pillar in the community, founded in 1957 and 
now under its third ownership. With an energetic staff 
growth and expansion is greatly encouraged, buy-in 
opportunities will quickly become possible.

Texas license is required. Oklahoma license preferred but 
not required.

For consideration, please contact Jered Harlan by 
phone (940) 723-4054, fax (940) 767-6123 or e-mail 
shvetclinic@hotmail.com. 

Colorado breeding farm seeks veterinarian

A position is available in western Colorado on a modern, 
nationally recognized equine breeding farm with a fully 
equipped private vet lab. 
  
This position will be in charge of all aspects of stallion 
and broodmare management, including but not limited 
to: phantom training; stallion collection; processing of 
cool shipped and frozen semen; mare cycle management; 
insemination of mares with fresh, cool shipped or frozen 
semen; pregnancy check mares; ultrasound mares; 
in-house embryo transfers and embryo flushes for 
shipment; and neo-natal full care.

For consideration, please e-mail v.gotlove@me.com or 
becky@shellbird.com; or call (970) 876-0933 for Becky 
or (970) 456-5177 for Michele.

Opportunity Knocks!

Dr. Martin Nielsen awarded Zoetis Horse Call Grant 

Dr. Martin Nielsen, assistant professor of parasitology at 
the University of Kentucky’s Maxwell H. Gluck Equine 
Research Center, comprises half of the investigative 
team awarded the inaugural Horse Call Grant from 
AAEP Educational Partner Zoetis for the study proposal 
“Transabdominal Ultrasonography: A Monitoring Tool for 
Parascaris equorum Burdens in Foals.” 

The grant program helps fund one or more individuals 
through a grant for innovative, clinically relevant research 
proposals that determine the economic impact of equine 
encephalitic, parasitic, respiratory or other infectious diseases 
or the impact of preventing these diseases. The grant also 
supports determination of the economic impact of practice 
management business practices that emphasize prevention 
of equine infectious or parasitic diseases or prevention of 
horse-related injuries to clients, technicians or veterinarians 
of these practices.

Dr. Martin’s co-investigator is Dr. Jill Stowe, as associate 
professor who is the Dickson Professor of Equine Science 

and Management in the department of agricultural 
economics and in the department of economics at the 
University of Kentucky.

Dr. Martin Nielsen
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July 20-22, 2014

Focus on the Sport Horse

Louisville, Kentucky

September 11-13, 2014

Focus on the First Year of Life

Phoenix, Arizona

December 6-10, 2014

60th Annual Convention

Salt Lake City, Utah 

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

Membership Benefits

Save time on client education with free PowerPoint presentations 

Simplify your preparation and enhance the 
effectiveness of your client education events by 
downloading free PowerPoint presentations as a 
benefit of your AAEP membership. 

The AAEP’s PowerPoint presentations feature the most 
current veterinary information on the following 19 topics, 
providing your clients with fundamental knowledge to 
help ensure the health of their horses:

These presentations may be downloaded from  
www.aaep.org/info/client-education. Contact  
Dana Kirkland, industry education and development 
coordinator, at (859) 233-0147 or dkirkland@aaep.org 
to request a CD-Rom.

Colic
Dental Care
Disaster Preparedness
Emergency Care
Equine Herpesvirus (EHV)
Foal Growth
Foaling Mare and 

Newborn
Hay Quality and Nutrition
Immunizations
Internal Parasites

Lameness Exams
Laminitis
Neurology
Overweight Horse
Poisonous Plants
The Expectant Mare
The Older Horse
Understanding Equine 

Strangles
Vesicular Stomatitis

AAEP group purchasing program qualifies your practice for substantial savings

As an AAEP member, you are eligible for substantial 
savings on supplies and services to operate your 
veterinary practice. The AAEP and The Veterinary Club 
have partnered to provide all AAEP members with 
access to the industry’s most robust catalog 
of contracts offering substantial, 
quantifiable savings. Discounts 
are available at such companies 
as Verizon, UPS, FedEx, Staples, 
OfficeMax, Office Depot and Sherwin-Williams. 

Participation in the group purchasing program is free 
with your AAEP membership. 

To participate, AAEP members must register at www.
theveterinaryclub.com. For more information 

about this membership benefit, contact 
Nick Altwies, membership services 

coordinator, at naltwies@aaep.org.

http://www.aaep.org
http://www.aaep.org/info/client-education
mailto:dkirkland@aaep.org
http://www.theveterinaryclub.com
mailto:naltwies@aaep.org
http://www.theveterinaryclub.com


/eqstable

EQStable™ available in 
the Apple® App Store®

Join our community

Equine infl uenza virus (EIV) and equine herpesvirus (rhinopneumonitis) 
cause the most common respiratory diseases in horses — and without a 
second vaccination, the risk increases.1,2 Don’t take the gamble. Help protect 
your at-risk horse by vaccinating with FLUVAC INNOVATOR® EHV 4/1 
every six months. Download the Equine Infl uenza Calculator on iTunes® 
or learn more at FluvacInnovator.com/calculator.

*EHV-1 and EHV-4
1   Fretz PB, Babiuk LA, McLaughlin B. Equine Respiratory Disease on the Western Canadian Racetracks. Can Vet J 
1979;20(2):58-61.

2  Manley L, Caceres P. Retrospective Cohort Study of an Equine Infl uenza Outbreak in the Chilean Army in the 
Metropolitan Region of Santiago, Chile, during 2006, in Proceedings. 12th Symposium of the International Society 
for Veterinary Epidemiology and Economics, Durban, South Africa 2009:64.

All trademarks are the property of Zoetis Inc., its affi liates and/or its licensors. All other trademarks are the property 
of their respective owners. ©2013 Zoetis Inc. All rights reserved. FLU13013

http://www.FluvacInnovator.com/calculator
http://www.FluvacInnovator.com/calculator


Platinum Performance® Wellness
• Joint Health
• Hoof Health
• Skin & Coat Health

• Performance & Recovery
• Digestive health
• Bone & Tendon Health

Competing at the Olympics was 
a dream come true, and Rafalca 
is the horse that gave me that 
opportunity. From the beginning, 
she was a very special horse, so 
trainable and focused, but mostly, 
she has a huge heart and gives her 
all everyday. While she gives so much 
to me, I make sure that she and 
my other horses get the best of 
everything, including Platinum. Platinum 
gives me the competitive edge, 
helping to maintain their soundness 
and health. The horses love it, and 
the Paks make supplementing so 
easy, especially when traveling so 
much. Dressage can be a complex 
discipline, but Platinum Paks bring 
simplicity to our program.

Also available in Platinum Performance® BARs (shown)

Platinum Performance® CJ 
Platinum Performance® + Ortho-Chon II HA + ASU.
For horses that require additional joint support.

All the horses in Jan’s program get Platinum Performance 
Equine Wellness or Platinum Performance CJ.  Some of 
the horses also get additional support like Platinum Hoof 
Support or Platinum Gastric Support formulas.  Jan also 
likes to use Platinum EQ Bars to help stretch Rafalca. 

Find the solution to your horse’s needs – 
discover your Platinum! 
To find the right Platinum Performance® solution, and to learn about 
the science behind the supplements call 1-800-553-2400, visit 
PlatinumPerformance.com or speak with your equine veterinarian.
© 2013 PLATINUM PERFORMANCE, INC.

www.PlatinumPerformance.com
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a dream come true, and Rafalca 
is the horse that gave me that 
opportunity. From the beginning, 
she was a very special horse, so 
trainable and focused, but mostly, 
she has a huge heart and gives her 
all everyday. While she gives so much 
to me, I make sure that she and 
my other horses get the best of 
everything, including Platinum. Platinum 
gives me the competitive edge, 
helping to maintain their soundness 
and health. The horses love it, and 
the Paks make supplementing so 
easy, especially when traveling so 
much. Dressage can be a complex 
discipline, but Platinum Paks bring 
simplicity to our program.
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simplicitysimplicity toto ourour program.program.

Jan Ebeling
US Olympic Team, Dressage
Platinum Performance® Client since 2007

Rafalca
Rafalca
Oldenburg Mare, 2012 Olympics, London

Jan has been a client since 2007 and a sponsored endorsee since 2013

http://www.PlatinumPerformance.com
http://www.PlatinumPerformance.com
http://www.PlatinumPerformance.com


Highlights of recent clinically relevant papers

Risk factors for elimination from endurance rides
A. Nagy and colleagues in the UK have recently investigated
horse-, rider-, venue- and environment-related risk factors for
elimination from endurance rides due to lameness and
metabolic reasons.

This study used a multivariable logistic regression model to
assess the risk factors for lameness or metabolic reasons at
Fédération Equestre Internationale endurance (FEI) events of
80–160 km in the UK, United Arab Emirates and Europe.
Numerous variables were assessed including signalment,
previous experience of the horse, speed, rider variables
including experience, venue, distance, weather and terrain.
The 2 outcomes (elimination for lameness or metabolic
reasons) were then assessed by creation of a multivariable
model, with variables included if they had a P value of <0.20 in
the univariable analysis. Overall completion rate for all horses
was 48.6%, with 31.6% being eliminated for lameness, 8.9% for
metabolic reasons and the remainder eliminated for other
reasons. The logistic regression showed that a period of time of
>90 days having elapsed since the previous FEI competition
and experience competing at a level higher than the current
distance reduced the risk of elimination for lameness. There
was also an association with venue and the risk of elimination
for lameness; however, when the going was taken into
account, this was not a factor in the increased risk for some
venues. Increased numbers of horses within a class increased
the risk of elimination for metabolic reasons. The going was
relevant to this outcome, with large areas of deep going
increasing the risk.

Whilst the authors conclude that elimination is a
multifactorial process, a reduced frequency of racing and
minimising deep going may reduce the risk of elimination in
endurance rides.

Insertional suspensory branch desmitis
in racehorses
This retrospective cohort study by S. Plevin and J. McLellan
from Florida, USA, investigated the effect of injury to the
suspensory branch insertion in juvenile racehorses.

The records of 896 horses were reviewed, cases were
included if they had evidence of injury to one suspensory
branch insertion in one limb which was managed
conservatively, prior to starting their racing career. Matched
controls were established by comparing the race records of a
maternal sibling with each case. Racing and performance
data were used to compare the ability of cases to start a race
compared with their cohorts. The study found that the
prevalence of insertional suspensory branch desmitis in this
population was 9.5%; 65.9% of affected horses had started a
race as 3-year-olds compared to 88.9% of cohorts. Affected
horses were older at the time of the first start and had reduced
earnings per start. Those with more severe lesions were found
to have a significantly greater risk of repeated injury
compared to those with milder lesions. Mild lesions did not
affect the racing performance as 3-year-olds but more severe
lesions resulted in decreased performance as a 3-year-old.

This study shows that juvenile racehorses sustaining an
insertional suspensory branch injury prior to their first race are
likely to perform less well as 2-year-olds and performance as

3-year-olds depends on the severity of the lesion: those with
mild lesions perform similarly to controls.

Surgical correction of mandibular brachygnathia
C. Klaus and colleagues in Germany have recently published
the findings of their study describing complications and
long-term outcome after surgical correction of severe overbite
using corrective osteotomy and a type I external fixator.

Seven horses with severe mandibular brachygnathia were
treated by corrective osteotomy and a type I external fixator.
Data on surgical technique, complications, long-term
outcome and owner satisfaction were recorded.

Severe mandibular brachygnathia was corrected
successfully in all horses. Short-term follow-up revealed a
relatively high morbidity due to several complications such as
surgical site infection, sequestrum formation and instability due
to early pin loosening. Long-term overall owner satisfaction
was very high. The authors concluded that corrective
osteotomy and fixation with an external fixator is an effective
surgical technique for correction of severe mandibular
brachygnathia and offers good results in a long-term
perspective.

Highlights from the AAEP 59th Annual Convention
Many of the following articles were presented at the AAEP
Annual Convention held in Nashville, USA, in December 2013.
All of these articles have been published in an Equine
Veterinary Journal supplement: 59th Annual Convention of the
American Association of Equine Practitioners.

The full issue is available free online at http://onlinelibrary
.wiley.com/doi/10.1111/evj.2013.45.issue-s45/issuetoc

Intramuscular meperidine hydrochloride for
equine lameness
Jonathan Foreman and Rebecca Ruemmler from the
University of Illinois, USA, presented their study on the efficacy
of intramuscular meperidine hydrochloride in experimental
foot lameness at the AAEP Convention in December 2013.

Eight horses randomly underwent weekly intramuscular
treatments of either meperidine (pethidine) or a saline
placebo following induced lameness. Heart rate and
lameness score responses were assessed every 20 min for 5
hours following lameness induction then hourly up to 12 hours
after treatment. Intramuscular meperidine was more effective
than saline placebo but only for 2 to 3.67 hours after
administration compared to 8 to 12 hour durations of efficacy
reported in similar studies on horses treated with NSAIDs.
Meperidine may be a suitable non-NSAID alternative
analgesic for acute foot pain with efficacy lasting 2 to 3 hours
after a single intramuscular dose.

Comparison of blood sampling sites
Barbara Hunter and colleagues at Oregon State University,
USA, presented their study comparing transverse facial venous
sinus and jugular blood values at the AAEP Convention in
December 2013.

This prospective study compared packed cell volume
(PCV), total solids (TS) and blood lactate concentrations in
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blood drawn simultaneously from the transverse venous sinus
(TFVS) and jugular vein of critically ill horses and also from 6
healthy horses. Blood values for PCV, TS and blood lactate
concentrations were found to be comparable between the
TFVS and jugular vein. The authors concluded that the TFVS
can be used as a blood sampling site in horses.

Colic following anaesthesia
Brad Nelson and colleagues from Colorado State University,
USA, have recently examined the risk factors associated with
gastrointestinal dysfunction or post anaesthetic colic for horses
undergoing surgical procedures under general anaesthesia.
This study was presented at the AAEP Convention in Nashville
in December 2013.

Medical records of horses undergoing general anaesthesia
including MRI and CT scans over a 3-year period were
examined and 416 cases were included in the study. Arabian
horses, increasing blood lactate and delayed passage of
faeces were significantly associated with an increased risk of
gastrointestinal dysfunction. These findings may help the
clinician be proactive about the management of these horses
in the post anaesthetic period.

Oocyte transport protocols
Intracytoplasmic sperm injection (ICSI) is used to produce foals
from otherwise infertile mares and from stallions with limited
sperm stores. This study by R. Foss and colleagues in the USA
evaluated protocols that could be used to transport immature
and maturing oocytes for ICSI. This study was presented at the
AAEP Convention in Nashville in December 2013.

Oocytes were recovered from dominant follicles after
deslorelin administration (DSF follicles) or from subordinate
(immature) follicles. To mimic transport, DSF oocytes were
incubated overnight under differing conditions before ICSI
and immature oocytes were placed in varying conditions
overnight before in vitro maturation, followed by ICSI.
Blastocyst development was then compared. Commercially
available medium can be used for shipping immature oocytes
at room temperature with good resulting blastocyst rates.
Better blastocyst rates per oocyte are obtained from DSF
oocytes; however, these require maintenance at 37°C and as
they are already maturing at the time of collection, would be
more sensitive to delays.

Kinematic analysis of leading and
trailing forelimbs
N. Crevier-Denoix and colleagues in France have compared
joint kinematics and hoof orientation in the leading and trailing
forelimbs of horses cantering on a turf and a synthetic surface.

Horses were equipped with markers on the main joints and
a dynamometric horseshoe on the forehoof. Horses were
filmed while cantering on both surfaces and at each lead,
and joint angles and angles of the hoof and limb to the track
were measured. The authors found that the differences
between limbs were more prominent than those between

surfaces, and the more toe-up orientation on the leading
forehoof suggests a different loading of the limb joints and
tendons. Differences between limbs may be important in the
interpretation of lead changes in lame horses. While the
synthetic surface appears to be less strenuous for the joints in
the forelimbs, it was associated with changes in timing of the
kinematic events of the stride.

Renal pelvic anatomy
S. Garcia Pasquel and colleagues at Michigan State University,
USA, have described in detail the anatomy of the upper
urinary collecting system, specifically the renal pelvis and
terminal recesses of the horse.

Harvested kidneys were examined using magnetic
resonance imaging, transurethral ureteropyeloscopy of the
upper urinary tract and histological and immunohistochemical
examination of the renal medulla and pelvis. Although current
endoscopic equipment can be used to visualise the renal
pelvis it could not be advanced into the terminal recesses. The
findings of this study will help guide future diagnostic and
therapeutic ureteropyeloscopy.

S. WRIGHT
EVE Editorial Office
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Case Report

Partial mandibular condylectomy and temporal bone resection for
chronic, destructive, septic arthritis of the temporomandibular joint
in a horse
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Summary
Sepsis of the temporomandibular joint (TMJ) of the horse is
rare. This case report describes the use of radiography,
ultrasonography and computed tomography to diagnose
sepsis of the TMJ in a 2-year-old Thoroughbred filly. The
mandibular condyle and temporal bone were partially
resected to successfully remove necrotic tissue within and
surrounding the TMJ. Sepsis resolved and the horse returned to
race training. Follow-up computed tomography examination
showed generation of a mandibular ‘pseudocondyle’ at 8
months post operatively.

Introduction
Septic arthritis of the temporomandibular joint (TMJ) is
uncommon in horses and often follows trauma (Carmalt and
Wilson 2005). Imaging disorders of the equine TMJ has long
been problematic using conventional modalities, such as
radiography and ultrasonography (Weller et al. 1999a,b;
Rodríguez et al. 2007; Ramzan et al. 2008; Ebling et al. 2009;
Townsend et al. 2009). More advanced 3-dimensional imaging
techniques of the equine TMJ, such as computed tomography
(CT) and magnetic resonance imaging, have been described
(Rodríguez et al. 2008, 2010) and proved useful in the diagnosis
of TMJ disease (Warmerdam et al. 1997; Nagy and Simhofer
2006).

Previously described treatments of horses with sepsis of
the TMJ have included long-term, systemic administration of
antimicrobial medication, arthroscopic lavage (Carmalt and
Wilson 2005), or mandibular condylectomy if sepsis is
accompanied by osteomyelitis of the mandibular condyle
(Barber et al. 1985; Patterson et al. 1989; Nagy and
Simhofer 2006). Although mandibular condylectomy has been
successful in resolving infection of the TMJ and restoring
mandibular function, the procedure carries the potential risk of
iatrogenic damage to surrounding structures (Warmerdam
et al. 1997). We describe a simplified technique of partial
condylectomy and debridement of the temporal bone
through an arthrotomy.

Case history
A 2-year-old Thoroughbred filly was presented for investigation
of weakness, ataxia and pyrexia of 2 days’ duration. Four
weeks previously, the horse was treated for a wound to the
caudal aspect of the orbit of the right eye. The horse was
treated with reconstruction of the lateral canthal ligament,
orbicularis oculi muscle, and skin. Prior to developing the signs

for which it was presented, the filly had been clinically normal,
was eating normally and had been in race training.

Clinical findings
During examination, a firm (4 ¥ 8 ¥ 0.5 cm) swelling was noted
over the region of the right TMJ, with an open tract present in
the centre of the swelling. The right masseter muscle was
atrophied. The horse did not resent movement of the TMJ,
when the mouth was opened manually or with a speculum, or
with forced lateral excursions of the mandible. Complete oral
examination was unremarkable. Routine haematology
revealed a leucocytosis and a hyperfibrinogenaemia but
was otherwise normal. Results of neurological, respiratory and
gastrointestinal examinations were all normal. The horse did
not appear to be weak or ataxic despite the trainer’s reports
to the contrary. The open tract began to drain purulent
material 48 h following presentation.

Diagnostics

Radiographic and ultrasonographic examination
Digital radiographic examination (AGFA computed
radiography system)1 of the skull showed a mixed pattern of
bony lysis and proliferation of the right temporal bone and right
mandibular condyle and markedly irregular joint margins and
articular surfaces. Only the lateral aspect of the joint, however,
was adequately imaged on numerous radiographs taken
using a rostral 35° lateral 50° proximal-caudal projection
(Ramzan et al. 2008). During ultrasonographic examination
(GE Logiq e Vet)2, performed with a 10 MHz, linear probe,
proliferative new bone on the lateral aspect of the articular
surface of the temporal bone and the lateral aspect of the
mandibular condyle were observed (Fig 1a). Only the lateral
aspect of the joint, however, could be imaged (Fig 1). A
distinct hyperechoic structure was also observed in the centre
of the joint, at the site normally occupied by the meniscus
(Fig 1a). The draining tract could be traced to the joint space
of the TMJ (Fig 1b).

Computed tomography examination
Computed tomography (Siemens Somatom Volume Zoom 4
helical scanner)3 of the head was performed with the horse
sedated and with the slice acquisition collimated to 1 mm,
and the axial images reconstructed in bone and soft-tissue
algorithms. Examination of the CT images revealed advanced,
destructive osteolysis within both the right mandibular condyle
and the right temporal bone, consistent with the diagnosis of a
chronic, degenerative osteoarthritis of the TMJ caused by
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sepsis. A dense, linear structure (15 ¥ 1 ¥ 3 mm) was observed
in the centre of the joint, at the same site at which the
hyperechoic lesion was seen ultrasonographically, and the site
normally occupied by the meniscus (Fig 2).

Surgery
Due to the advanced nature of the arthritis and suspected
osteomyelitis of the temporal bone and mandibular condyle,
simple medical treatment and/or arthroscopic lavage of the
joint were considered insufficient therapy. The decision was
made to investigate the joint via an arthrotomy with an option
to perform a complete mandibular condylectomy, as
described by Nagy and Simhofer (2006), if warranted, after the
joint was inspected.

The horse was anaesthetised and positioned in left
lateral recumbency. A dorsally based, semi-circular incision
(with a radius of 3 cm) was made over the right TMJ. The joint
was approached with incisions through the subcutaneous
tissues using Metzenbaum scissors. The joint space was
entered with a horizontal stab incision, which was extended
by dissection using the Metzenbaum scissors. A sample of
purulent synovial fluid was obtained for bacterial culture and
antimicrobial sensitivity. The linear object seen during
ultrasonographic examination and CT imaging of the TMJ
was found to be the meniscus, which was devoid of
ligamentous attachment and mineralised, giving it an
osseous appearance and feel. The meniscus was easily
removed from the joint.

The articular surface of the mandibular condyle and that
of the temporal bone were devoid of fibrocartilage. The
surface of the condyle felt rough, and fragments of bone were
easily dislodged from it with a 6 mm diameter curette. The
curette was used to debride thoroughly the articular surface of
the temporal bone of all devitalised bone. The condyle of the
mandible was debrided of devitalised bone using the curette
and a chisel and mallet. Both articular surfaces were reduced
in height until healthy appearing and bleeding bone was
encountered. Approximately 10 mm of the mandibular
condyle was resected, and only the articular surface of the
temporal bone was removed. The joint capsule remained
intact except at the arthrotomy.

The incisions in the joint capsule and the subcutaneous
tissues were closed separately with 2-0 polyglactin 910 (Vicryl)4

placed in a simple continuous pattern, and the skin incision
closed with staples. A 12 French Foley catheter was placed
through the original draining tract, and the joint was lavaged
twice daily using a to-and-fro technique with 50 ml sterile
isotonic saline solution to which 1 ml of polyvinylpyrolidone
iodine (10% solution) had been added. The Foley catheter was
dislodged 2 days post operatively and was not replaced due
to the clear nature of the previous lavages. The incision and
tract were covered with an adhesive dressing (Skin-tact5 and
Polsterplast6). Computed tomography examination repeated
2 days post operatively confirmed that all degenerative bone
and the meniscus had been removed (Fig 3).

a) b)

Fig 1: a) Ultrasonogram of the lateral aspect of the TMJ, showing a hyperechoic object at the site normally occupied by the meniscal disc.
b) Ultrasonogram of the lateral aspect of the TMJ, showing the tract draining from the hyperechoic object within the joint to the surface
of the skin.

Fig 2: Parasagittal CT image at the level of the right TMJ showing a
radiodense object at the site of the meniscus, along with a
roughened surface of the mandibular condyle and articular
surface of the temporal bone.
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Outcome
The tract began to drain purulent material 3 days following
surgery, and drainage continued, but with a gradually
reducing volume for 4 weeks, which was cleaned on a daily
basis. The horse was administered oxytetracycline (5 mg/kg
bwt i.v. q. 24 h; Engemycin)7 for 5 days after surgery. The
horse was then administered a trimethoprim-potentiated
sulfonamide (15 mg/kg bwt per os q. 12 h; Equitrim)8 for
5 weeks. Phenylbutazone (2.2 mg/kg bwt per os q. 24 h;
Equipalazone)9 was administered for 2 weeks post operatively.

Bacterial culture of the exudate obtained at the time
of surgery yielded a profuse growth of Streptococcus
zooepidemicus, which was sensitive to trimethoprim-
potentiated sulfonamides, hence the choice of this oral
antibiotic. Repeated bacterial culture of the exudate
discharging from the draining tract, continued to produce
Streptococcus zooepidemicus sensitive to trimethoprim-
potentiated sulfonamides. Despite the provision of an
appropriate antimicrobial drug the wound still continued to
discharge exudate for 6 weeks post operatively, and the horse
was administered potassium iodide (16 mg/kg bwt per os q.
24 h) for 2 weeks, by the end of which time the discharge
abated. Investigation of the draining tract also revealed the
presence of suture material, which was removed and the
surrounding tissue debrided. The sutured skin incision healed by
primary intention.

Two months post operatively the horse was able to chew
well bilaterally and no early changes in the incisor occlusal
surfaces were appreciated. The filly did not show any signs of
pain with mandibular manipulation or opening of the jaw. The
filly maintained body weight and the masseter muscle
hypertrophied to the size of its contralateral counterpart. The
horse re-entered training and performed well. During CT
examination of the surgery site performed 8 months post
operatively a mandibular ‘pseudocondyle’ had formed
(Fig 4). The proportions of the ‘pseudocondyle’ were similar to
those of the normal, contralateral condyle.

Discussion
Disease of the equine TMJ, including septic arthritis, is rare
(Carmalt and Wilson 2005). It is well recognised that sepsis of
the TMJ may go undiagnosed for longer periods than sepsis of
synovial structures in a limb (Patterson et al. 1989; Warmerdam
et al. 1997), where the clinician may be alerted more swiftly to
the problem by the presence of lameness. In this case, it is
possible that the sepsis of the TMJ occurred following the
previous trauma to the head but was not clinically apparent at
this time. The atrophy of the masseter musculature did,
however, indicate chronicity of the TMJ disease, although the
experienced staff looking after the horse, prior to initial
diagnosis of TMJ sepsis, did not appreciate any reduced
masticatory ability. Vertical and lateral excursions of the
mandible were not resented, even though such movements
would be expected to cause resentment if the joint was
infected. The horse may have had no resentment to
movement because exudate within the septic joint was able
to drain through the cutaneous tract, thus avoiding pressure
within the joint.

Imaging of the TMJ is problematic because conventional
imaging techniques, such as radiography and
ultrasonography, provide limited visualisation of the joint
(Weller et al. 1999a,b; Rodríguez et al. 2007; Ramzan et al.
2008; Ebling et al. 2009; Townsend et al. 2009). In this case,
radiography was useful but did not provide imaging of the
medial portion of the joint, which was obscured by other
structures superimposed on it, as described in previous reports
(Warmerdam et al. 1997; Weller et al. 1999a, 2001; Ramzan
et al. 2008). Abnormalities later seen during ultrasonographic
and CT imaging of the joint were identified but could not be
fully evaluated even with multiple oblique radiographic views.

Ultrasonography proved useful in evaluating the periocular
soft tissues and the lateral aspect of the joint, and in detecting
synovial effusion, thickening of the fibrous joint capsule,
changes to the articular surface of the lateral temporal bone
and mandibular condyle (Weller et al. 1999a), and changes to
the meniscus. More importantly, by using ultrasonography the

Fig 3: Post operative sagittal CT image at the level of the right TMJ,
showing complete removal of the radiodense object and resection
of the roughened mandibular condyle and a portion of the
temporal bone.

Fig 4: Parasagittal CT image at the level of the right TMJ at 8 weeks
post operatively, showing no recurrence of the sepsis and
formation of a ‘pseudocondyle’.
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draining tract from the skin overlying the TMJ could be traced
to the joint, confirming its involvement. This observation
allowed infection of the TMJ to be differentiated from a
periarticular abscess.

The irregular surfaces of the mandibular condyle and the
temporal bone suggested gross septic destruction of the joint
consistent with chronic articular sepsis, but the extent of any
damage to the medial aspect of the TMJ could not be
determined during radiographic and ultrasonographic
examination of the joint. The meniscus was identified during
ultrasonographic examination, but it was much smaller, more
irregular and more hyperechoic than normally expected,
where the caudal aspect of the disc can be seen as an
echoic triangular structure (Rodríguez et al. 2007). Septic
destruction and mineralisation of the meniscus was, therefore,
suspected.

Computed tomography allowed examination of the entire
joint, including the meniscus, and the extent of the arthritic
and destructive osseous lesions medially in the joint, as
previously reported (Warmerdam et al. 1997; Nagy and
Simhofer 2006). It also allowed 3-dimensional reconstruction of
the TMJ, giving additional information about the structure and
function of the joint. The meniscus is, however, reportedly
difficult to visualise using CT (Rodríguez et al. 2008). In this
horse, a hyperechoic object was observed at the site in which
the meniscus should have resided suggesting that the
meniscus had mineralised, possibly because of sepsis and
concurrent inflammation. At surgery, firm and brittle tissue that
appeared to be mineralised cartilage was removed. We
concluded that this was most likely to be the remains of the
meniscus, even though this tissue lacked ligamentous and
articular attachments. This tissue, however, could have been a
sequestered osseous fragment from the joint surface of the
mandibular condyle or the temporal bone.

Based on the clinical findings and the results of imaging,
the draining tract and atrophy of the masseter muscle were
thought to be caused by septic arthritis of the right TMJ
associated with osteomyelitis of the temporal bone and
mandibular condyle and degeneration of the meniscus.
Options for treatment included continuing medical treatment
(i.e. administration of antimicrobial [Warmerdam et al. 1997]]
and anti-inflammatory drugs), lavage of the joint through
needles or through cannulas under arthroscopic guidance
(May et al. 2001; Carmalt and Wilson 2005), or radical excision
of the diseased portion of the temporal bone and mandibular
condyle (Patterson et al. 1989; Nagy and Simhofer 2006).

Arthroscopic examinations of normal and diseased TMJs
have been described (May et al. 2001; Weller et al. 2002;
Carmalt and Wilson 2005). The TMJ is a diarthrodial joint, made
up of the dorsally located meniscotemporal compartment
and the ventrally located meniscomandibular compart-
ment. Reports of normal communication between the
compartments in the horse are conflicting (May et al. 2001;
Rosenstein et al. 2001; Weller et al. 2002; Rodríguez et al. 2006),
and so, lack of communication should be assumed. Each
compartment, therefore, should be lavaged. Arthroscopic
access to the meniscomandibular compartment may be
difficult due to the overlying transverse facial artery and
vein (Weller et al. 1999b; May et al. 2001). The human
meniscomandibular compartment is only accessed through
the meniscotemporal compartment if the disc is torn prior to
surgery (May et al. 2001). Lavage of the TMJ of the horse in this
report was only part of the treatment. Arthrotomy was required

to completely visualise the TMJ joint and to remove infected
portions of the temporal bone and the mandibular condyle.
Access to the medial aspect of the equine TMJ joint is limited
with an arthroscope due to the small size of the joint and the
curvature of the articular surface of the mandibular condyle
(May et al. 2001; Weller et al. 2002; Carmalt and Wilson 2005;
Nagy and Simhofer 2006).

Mandibular condylectomy of horses has been reported as
a treatment for degenerative changes of the mandibular
condyle caused by sepsis (Patterson et al. 1989; Nagy and
Simhofer 2006), and is performed in other species for a variety
of diseases of the TMJ (Patterson et al. 1989). Mandibular
condylectomy has been successful in returning masticatory
function (Nagy and Simhofer 2006) to horses with severe
disease of the joint. The technique, however, is not without
potential complications, such as infection, ankylosis of the
joint, and post operative pain (Patterson et al. 1989).
Iatrogenic damage to critical structures surrounding the TMJ
could lead to serious intraoperative and post operative
complications.

The rostro-dorsal aspect of the parotid salivary gland
overlies the caudal aspect of the equine TMJ joint (Rosenstein
et al. 2001; Weller et al. 2002; Rodríguez et al. 2006) and can
readily be visualised ultrasonographically to aid in presurgical
planning (Weller et al. 1999b; Rodríguez et al. 2007). Iatrogenic
damage to blood vessels in close proximity to the joint and the
TMJ, such as the maxillary, transverse facial, superficial
temporal, rostral and caudal auricular, and supraocular
arteries and veins, and the pterygoid venous plexus axial to the
joint (Rosenstein et al. 2001; Weller et al. 2002; Rodríguez et al.
2006, 2007, 2008) can lead to substantial haemorrhage, and
access to bleeding vessels may be restricted.

Iatrogenic damage to nerves in close proximity to the joint,
such as branches of the auriculopalpebral, facial, masseteric
and mandibular nerves (Warmerdam et al. 1997; Rosenstein
et al. 2001; Weller et al. 2002; Rodríguez et al. 2006, 2007, 2008)
can lead to temporary or permanent paralysis of muscles of
the face, eye and ears, and can reduce sensory protective
mechanisms. Damage to the auriculopalpebral nerve during
condylectomy performed to help resolve sepsis of the TMJ has
been reported (Warmerdam et al. 1997).

In this case, surrounding soft tissue swelling and oedema
prevented identification of some superficial structures by
palpation and visualisation before and during surgical
dissection. The approach described in this case, of a lateral
arthrotomy, allowed good access and visualisation of the joint.
With careful dissection, the vessel and nerves were avoided.
Visualisation and access to the joint with instruments was
excellent, allowing all diseased tissue to be resected without
breeching the joint capsule at any site other than the
arthrotomy. By confining all debridement to structures within
the joint, iatrogenic damage to surrounding structures was
avoided.

During CT examination of the horse’s head 8 months
after condylectomy, formation of a complete right
‘pseudocondyle’ was observed. This condyle was similar in size
and shape to the unaffected left condyle (Fig 4). Formation of
a ‘pseudocondyle’ following mandibular condylectomy of
horses and other species has been reported previously (Nagy
and Simhofer 2006) and is thought to contribute to improved
function of the affected joint. Ankylosis of the joint, which has
been suggested to be a potential sequel to mandibular
condylectomy, in cases were the meniscal disc has been
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removed or is necrotic (Nagy and Simhofer 2006), was not
observed when the horse was examined 8 months post
operatively.

A monofilament suture material, rather than a
multifilament suture material, could have been selected to
close the arthrotomy incision, due to the presence of sepsis,
but in this case the incision healed without incidence. The
horse was able to eat and maintain its weight, and the incision
and draining tract eventually healed.

The surgical technique used to treat this horse is a much
less radical form of mandibular condylectomy than has been
described previously (Nagy and Simhofer 2006) and as such,
potentially a safer technique. It could be considered as
the initial stage of the previously described mandibular
condylectomy technique, and conversion to this procedure
would have been readily achieved if infected bone cannot
be removed by curettage. Along with minimal debridement of
the articular temporal bone, this technique has shown that
very invasive radical mandibular condylectomy is not,
therefore, always necessary for the successful treatment of
horses with osteomyelitis of the mandibular condyle of the TMJ.
Computed tomography examination may be helpful in
determining the extent of the bony lesions, but provision for a
full mandibular condylectomy should always be made, if the
bony lesions cannot be fully debrided.
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Clinical Commentary

Equine temporomandibular joint (TMJ) disease: Fact or fiction?
J. L. Carmalt
Department of Large Animal Clinical Sciences, Western College of Veterinary Medicine, Saskatchewan, Canada.
Corresponding author email: james.carmalt@usask.ca

Diseases of the equine temporomandibular joint (TMJ) are
rarely reported. However, of these reports, septic arthritis
and subsequent degenerative joint disease feature most
commonly. Surgical intervention includes arthroscopic lavage
(Carmalt and Wilson 2005), open arthrotomy with
meniscectomy and mandibular condylectomy (Nagy and
Simhofer 2006; Bienert-Zeit and Rotting 2011) and open
arthrotomy with partial condylectomy (Barnett et al. 2014). The
latter report describes the investigation of weakness, ataxia
and pyrexia of 2 days’ duration in a 2-year-old filly and
ultimately septic arthritis of the right TMJ was diagnosed.
Interestingly, during the course of a physical examination,
there was no aversion behaviour noted during external
mandibular movement or when the full mouth speculum was
used to complete a full oral examination. This finding is
contrary to the behaviour that this author has experienced to
date. Barnett et al. (2014) also indicated that the trainer report
of weakness and ataxia was not confirmed upon neurological
examination of the animal. No mention is made of any
imaging abnormalities of the tympanic bulla on the affected
side, despite the immediate proximity of this region but the
suspected ataxia is of interest. This author is aware of another
instance in which a horse with purported TMJ disease showed
concurrent ataxia (of unknown origin). Treatment of the
affected joint using corticosteroids alleviated the ataxia and
clinical signs referable to the joint. A definitive association
between the 2 conditions was not made.

Abnormalities of the intra-articular disc of the equine TMJ
have been previously reported by Stadtbäumer and Boening
(2002) and were also noted in the present report by Barnett
et al. (2014). These findings are important as they serve to
reinforce that this is a complex joint about which we know very
little. Reports of equine degenerative temporomandibular joint
disease, in the absence of sepsis (as published in man and
small animals [Arzi et al. 2013]) are limited to a single
publication (Stadtbäumer and Boening 2002) and a citation in
a surgical text (Boening 2012). Given the fact that free-ranging
horses will graze up to 21 h per day, the paucity of literature
pertaining to disease of this joint is intriguing. Perhaps the
disease is common but underreported. Alternatively, equine
TMJ disease may be rare and, even in those cases, horses may
be able to cope to the point that veterinarians and owners do
not appreciate clinical problems.

It has been suggested that dental abnormalities lead
to TMJ inflammation and pain that may be mitigated by
regular dental care (May 1996). There is no evidence to
support this theory. Admittedly equine and human
temporomandibular joints are substantially different (Nanci
2012); however, meta-analysis of studies in man reporting
occlusal adjustment for the prevention of, and treatment for,
human temporomandibular disease found no evidence to
support the practice (Koh and Robinson 2009; Luther et al.

2010; de Souza et al. 2012). There are several TMJ cytokine
studies in man in which the presence of disease was
correlated with increased inflammatory cytokine levels and
also with levels of pain (Takahashi et al. 1988; Shafer et al. 1994;
Kubota et al. 1998; Sandler et al. 1998; Suzuki et al. 1999;
Kaneyama et al. 2002). Carmalt et al. (2006) reported on the
effects of dental malocclusions on cytokine (IL-1, IL-6, IL-8, TNFα
and TGF-β1, -β2, -β3) concentrations of the equine TMJ. This
work was performed in an effort to determine whether dental
malocclusions led to TMJ inflammation and, by inference,
pain. These researchers found that in their study population,
the presence of dental malocclusions were not correlated
with increased levels of inflammatory cytokine concentrations
in the equine temporomandibular joint (TMJ).

Animal models of acute synovitis have shown that
antigen injection into appendicular joints results in severe
inflammation, but that this is not the case in the TMJ
(Nozawa-Inoue et al. 1998). Researchers have thus postulated
that the TMJ does not respond to acute insults or chronic
degenerative joint disease in the same way as other joints
(Nozawa-Inoue et al. 2003). An LPS-challenge model recently
examined this theory in the horse and confirmed that the
equine TMJ was able to quash acute inflammatory cytokine
responses better than that of the fetlock joints. In this
double-blinded, randomised, controlled clinical trial, horses
also continued to eat when their TMJs showed visible and
palpable inflammation, re-enforcing the theory that a horse
may have significant temporomandibular joint inflammation
but be able to continue to eat without apparent discomfort
(Carmalt et al. 2011).

Despite all of the aforementioned information, there is a
huge lack of evidence pertaining to diseases of the equine
temporomandibular joint. There is very little basic research
performed and the data that has been reported thus far is
based on small numbers of individual animals. It would be a
gross generalisation to state categorically that there is no
interaction between dental elements and the intra-articular
environment and it is likely foolhardy to extrapolate from small
groups of research horses to the equine population at large. It
is important to realise that a failure to appreciate disease does
not mean that it is not present. Conversely, simply relying
on clinical examination (such as by palpation), or response
to intra-articular steroid injection, is likely to be met with
over- rather than underdiagnosis. A significant effort needs
to be made to ensure an accurate diagnosis, either by
arthrocentesis and laboratory examination of synovial
fluid, local intra-articular analgesia or advanced imaging
techniques (computed tomography [CT] or magnetic
resonance imaging [MRI], as stated by Barnett et al. 2014).
Further subcategorisation of disease in these atypical joints
and more subtle forms of temporomandibular joint disorder
may manifest as our knowledge progresses.
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In conclusion, septic arthritis of the equine
temporomandibular joint disease is sporadically reported. It is
likely that despite unique evolutionary adaptations,
degenerative changes also occur in this complex joint.
However, these changes and the apparent lack of a
behavioural response make it difficult to appreciate clinically.
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Case Report

A preventive multimodal analgesic strategy for bilateral rostral
mandibulectomy in a horse
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Summary
This case report describes the use of a wound soaker
catheter as part of a preventive multimodal analgesic plan
in a mare undergoing a bilateral rostral mandibulectomy.
The administration of local anaesthetic into the surgical wound
using a wound soaker catheter, together with systemic
nonsteroidal anti-inflammatory drugs (NSAIDs) and opioid
therapy, controlled post operative pain satisfactorily.

Introduction
Recognition of pain in horses, and therefore its management,
can be difficult and challenging. Behavioural indicators of
pain are commonly used to detect its presence but they are
not very sensitive to establish its severity (Ashley et al. 2005).
However, the absence of a specific behaviour may also
indicate pain in horses, as minimising the display of pain may
be considered an evolutionary adaptation in a prey species
(Taylor et al. 2002). Nonspecific behavioural indicators of
pain, such as demeanour, reluctance to move, head position,
facial expression and aggression may detect the presence
of pain but do not correlate with the source, severity and type
of pain. In contrast, specific behavioural indicators of pain,
such as postural changes, may be able to detect where the
source of pain is. More recently, pain scoring systems have
been described for the assessment of orthopaedic and
visceral pain in horses (Bussières et al. 2008; van Loon et al.
2010; Lindegaard et al. 2010). In these scales, both behavioural
and physiological indicators are incorporated in attempts to
detect pain and response to treatment. However, there
appears to be no information on pain recognition in horses
following surgery of the head and reported indicators of head
pain in horses are generally vague and nonspecific (Ashley
et al. 2005).

The placement of wound catheters for delivery of local
anaesthetic in the post operative period has been reported for
a wide range of surgical procedures in man. A wound
catheter is a closed ended, thin, hollow tube with side ports in
the distal portion (infusing region) and an injection port in the
proximal portion. The injection port can be attached to a
pump for continuous infusion or to a syringe for intermittent
administration of bolus doses of local anaesthetics. A number
of benefits have been described including improved
analgesia, reduced systemic opioid administration and
associated side effects, increased patient comfort and shorter
hospital stays (Liu et al. 2006; Ilfeld 2011). This technique has
been reported in dogs, cats and goats for a range of soft tissue
and orthopaedic surgical operations (Radlinsky et al. 2005;
Wolfe et al. 2006; Abelson 2009). In horses, continuous
peripheral nerve blockade through catheter placement

adjacent to nerves has been described for successful
alleviation of experimentally-induced forelimb pain (Driessen
et al. 2008; Zarucco et al. 2010; Watts et al. 2011) but the
clinical application of the technique has been rarely reported
to date (Zarucco et al. 2007).

Case history
A 6-year-old Appaloosa mare weighing 520 kg presented at
the Weipers Centre Equine Hospital, University of Glasgow, for
evaluation of a purulent mass invading the rostral portion of
the mandible (Fig 1). Following biopsy results, which confirmed
the presence of ameloblastoma, surgical removal of the mass
via rostral mandibulectomy, under general anaesthesia, was
planned.

Anaesthetic management
Preoperative clinical examination was unremarkable and the
horse was classified as American Society of Anesthesiologists
physical status 2. Food but not water was withheld 12 h prior
to anaesthesia. On the day of surgery, flunixin meglumine
(Cronyxin injection 5%,)1 1 mg/kg bwt was administered
intravenously (i.v.) and acepromazine (Calmivet)2 10 μg/kg
bwt injected intramuscularly (i.m.) to facilitate the placement
of an i.v. jugular catheter. Approximately 1 h later,
medetomidine (Sedator)3 7 μg/kg bwt diluted in 20 ml of 0.9%
sodium chloride solution was administered i.v. over 5 min.
This was followed by 0.1 mg/kg bwt morphine (morphine
sulphate)4 injected slowly via the same route. Once
appropriately sedated, general anaesthesia was induced
behind a swing gate with diazepam5 0.05 mg/kg bwt and
ketamine (Narketan)6 2.2 mg/kg bwt mixed in the same
syringe and administered i.v. Once the horse was recumbent,
nasotracheal intubation of the trachea was performed via the
left nostril with a lubricated ID 24 mm tube7. The tube cuff was
inflated and the horse hoisted and placed in dorsal
recumbency on a surgical table and connected to a large
animal circle breathing system8. General anaesthesia was
maintained with isoflurane (Isoflo)9 vaporised in 100% oxygen
at 4 l/min. A continuous rate infusion (CRI) of medetomidine at
3.5 μg/kg bwt/h was commenced immediately. Intravenous
fluid therapy was provided using a balanced crystalloid
solution (Vetivex II)3 administered at a rate of 5 ml/kg bwt/h.

A calibrated multiparameter monitor (Datex S5
compact)10 was used to monitor a continuous
electrocardiogram, haemoglobin oxygen saturation, invasive
blood pressure and inspired and expired gas concentrations.
A catheter was placed in the left metatarsal artery and
connected to a transducer system to measure arterial blood
pressure for collection of arterial blood samples and
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subsequent blood gas analysis. The transducer was zeroed at
the level of the point of the shoulder. Physiological parameters
were recorded on an anaesthetic record sheet every 5 min
and arterial blood gas samples collected anaerobically every
30 min until the end of anaesthesia.

Following surgical preparation of the mandible, a bilateral
inferior alveolar nerve block was performed using a strict
aseptic technique. The nerves were blocked where they
emerge from the mandibular foramina. The location of each
foramen was estimated using the juncture of an imaginary line
drawn back along the occlusal surface of the cheek teeth
and a perpendicular line from the lateral canthus of the eye
(Fig 2) (adapted from Hall et al. 2001). The needle was inserted
from the ventral border of the horizontal ramus of themandible
and advanced along the medial aspect of the vertical
mandibular ramus directed towards the mandibular foramen
(Fig 3). A volume of 10 ml 0.5% bupivacaine (Marcain)11 was
injected at each site using a 20 gauge, 6 inch spinal needle12.

Following surgical removal of the mass, a 7 inch wound
soaker catheter13 was placed subcutaneously at the surgical
wound site (Fig 4) and 10 ml bupivacaine 0.5% injected into
the wound soaker catheter just prior to the end of general
anaesthesia. To reduce bacterial contamination during post

operative administration of bupivacaine, a low volume
bacterial filter (Portex Epidural Filter)14 was connected to the
wound soaker catheter. General anaesthetic and surgical
times were 140 and 100 min, respectively and anaesthesia was
uneventful.

The horse was hoisted into a padded recovery box where
it was placed in right lateral recumbency. To encourage a
calm recovery, 5 μg/kg bwt medetomidine was administered
i.v. just after the horse started to swallow. The nasotracheal
tube was left in place until the horse was standing. Oxygen
flow by supplementation was provided throughout the
recovery period via the nasotracheal tube at a flow rate of
15 l/min. The recovery was smooth and unassisted and the
horse attained sternal recumbency within 40 min and stood
1 h following the end of anaesthesia.

Antibiotic therapy consisted of procaine benzylpenicillin
(Depocillin injection)15 22 mg/kg bwt i.m. every 12 h and
gentamicin (Genta Equine 10% injection)3 6.6 mg/kg bwt i.v.
every 24 h. These drugs were administered preoperatively and
for 5 days after surgery.

Morphine 0.1 mg/kg bwt was administered i.m. every 6 h
for the first 24 h post operatively. Flunixin meglumine 1 mg/kg
bwt i.v. every 24 h and 10 ml bupivacaine 0.5% into the wound
soaker catheter approximately every 6 h were administered
for 48 h post operatively. Thereafter phenylbutazone
(Equipalazone oral powder)3 was started at 4.4 mg/kg bwt per

Fig 1: Purulent mass of rostral mandible - biopsy results confirmed
ameloblastoma.

Fig 2: Inferior alveolar nerve blocked where it emerges from the
mandibular foramina. The location of each foramen is estimated
using the juncture of an imaginary line drawn back along the
occlusal surface of the cheek teeth and a perpendicular line from
the lateral canthus of the eye.

Fig 3: Inferior alveolar nerve block in the live animal.

Fig 4: Wound soaker catheter placed at the surgical site.
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os twice a day on the first day and reduced to 2.2 mg/kg bwt
per os twice a day for the following 4 days and then 1.1 mg/kg
bwt per os twice a day for 2 weeks.

Pain scoring
Pain was assessed using a specifically designed composite
measure pain scale created by the authors (Table 1). This scale
incorporates both specific and nonspecific indicators of pain,
graded from 0–3 using a simple descriptive scale for each
indicator A variety of limitations exist when using this type of ad
hoc pain scale, most importantly its reliability, sensitivity and
validity. Pain was scored by the same observer in an attempt
to make the system more reliable. Pain was scored just before
the surgical procedure and every hour post operatively for the
following 12 h and then every 2 h for a total of 24 h (Table 2).
Nonspecific indicators were demeanour and feeding
behaviour; specific indicators were headshaking, response to
approaching the head from the front and palpation of the
surgical wound with light and firm pressure since these
indicators seemed sensible inclusions to detect pain in this
case. Preoperatively, the total pain score was 14/21 with amild
reduction in appetite, drinking and demeanour, moderate
headshaking and marked flinching of the head when the
horse was approached from the front or when mild or firm
palpation was applied on the mass. Post operatively,
demeanour was always recorded as bright, alert and
responsive at each assessment interval, except at time 0
immediately following recovery from general anaesthesia,
possibly due to the residual effects of anaesthesia. Attempts to
eat and drink were not reduced in the post operative period,

although physical difficulty in prehension and mastication
were noted as the rostral portion of the mandible had been
removed. The tongue was moving relatively normally
suggesting that the bilateral inferior alveolar nerve block had
not affected the lingual or hypoglossal nerves. Headshaking
was never observed. Approaching the head from the front
was not associated with flinching response. Light palpation of
the wound site was not enough to evoke any withdrawal of
the head. Firm palpation of the surgical site appeared reliable
in assessing the analgesia/anaesthesia provided by
bupivacaine administration into the wound soaker catheter.
As the anaesthesia provided by bupivacaine waned, the
horse became increasingly responsive to firm palpation of the
wound site. There was no decline in the pain score after
administration of morphine.

Post operative progress
The horse was discharged from the hospital 15 days following
surgery and has made good post operative progress.

Discussion
In man, mandibular ameloblastoma is reported to be a
relatively painless lesion (Pinsolle et al. 1995) although it may
be anticipated that size, ulceration and infection of the
tumour causes some degree of associated discomfort and
pain. However, aggressive surgical removal of the tumour and
the associated mandibular tissue and bone will undoubtedly
cause post operative pain, which, if uncontrolled, may lead to
pathological pain. Notably, in this case, it was likely that some

TABLE 1: Criteria used to assess pain

Indicator

Score

0 1 2 3

Appetite Eating normally Mild reduction Moderate reduction Not eating
Drinking Drinking normally Mild reduction Moderate reduction Not drinking
Demeanour BAR Mild depression/agitation Moderate

depression/agitation
Marked
depression/agitation

Headshaking None Slight Moderate Marked
Approach head to front No response Mild flinching Moderate flinching Marked flinching
Palpation (light) No response Mild avoidance Moderate avoidance Marked avoidance
Palpation (firm) No response Mild avoidance Moderate avoidance Marked avoidance

BAR = Bright, alert and responsive.

TABLE 2: Results of pain score in the early post operative period

Indicator
Preoperative

score

Post operative score (hours after surgery)

0 1 2 3 4 5 6 7 8 9 10 11 13 14 15 17 19 20 21 23 25

Appetite 1 - 3 0 0 0 0 0 0 0 0 0 0 0 2 2 2 0 0 0
Drinking 1 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demeanour 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Headshaking 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Approach head to front 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Palpation (light) 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
Palpation (firm) 3 0 0 1 1 2 2 1 0 1 1 2 3 0 1 2 2 1 1 2
Total pain score 14 2 4 1 1 2 2 1 0 1 1 2 4 0 3 4 4 1 1 3
Drug received B M B F M B M B M F B

B = Bupivacaine using wound soaker catheter - 10 ml of 0.5% solution; M = Morphine (0.1 mg/kg bwt i.m.); F = Flunixin meglumine
(1.0 mg/kg bwt i.m.).
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degree of pain was already present prior to surgical removal
as a result of persistent infection - the preoperative pain score
was 14/21 - therefore an aggressive approach to analgesia
was deemed necessary.

Pre-emptive analgesia has been defined as ‘treatment
that prevents establishment of central sensitisation caused by
incisional and inflammatory injuries; it starts before the incision
and covers both the period of surgery and the initial post
operative period’ (Kissin 2000). An effective pre-emptive
approach may not be achieved simply by administering one
analgesic prior to surgery; a multimodal approach to
analgesia should be used which includes consideration of the
inflammatory component of the injury. It is reasonable to
assume that the administration of a single dose of a single
analgesic drug with a single mechanism of action will not
produce adequate and long-term analgesic effects following
traumatic or surgical events (Driessen and Zarucco 2007).
Multimodal analgesia is a broad definition which
encompasses the use of a combination of analgesic drugs
with different mechanisms of action. Depending on the drugs
administered this may result in an additive or supra-additive
(synergistic) effect, reducing the adverse effects that would
be associated with the sole administration of high doses of
individual drugs (Kelly et al. 2001). Loco-regional techniques
should play a key role in the perioperative multimodal
analgesic management of patients with severe or persistent
pain. This multimodal technique of analgesia has become
relatively commonplace in anaesthetic practice in man, but
may not be so widespread in equine practice. When using a
multimodal analgesic technique and paying strict attention to
the timing of the administration of analgesics, post surgical
pain may still be evident unless the drugs administered are
efficacious in their action and via the route by which they are
given. Multimodal analgesic plans should therefore extend
into the early post operative period and the drugs
administered should be capable of controlling pain-induced
sensitisation. This is the main characteristic of preventive
analgesia which is a broader definition of pre-emptive
analgesia (Pogatzki-Zahn and Zahn 2006) and is one that was
applied to this case.

Historically, nonsteroidal anti-inflammatory drugs (NSAIDs)
have formed the basis of perioperative analgesia in horses.
Nonsteroidal anti-inflammatory drugs form an integral part of a
preventive analgesic technique, since it is important to control
the inflammatory component of the injury or surgical insult.
Inflammation can lead to hyperalgesia - an increased
sensitivity to pain - and is partly responsible for the
development of pathological pain syndromes. Flunixin
meglumine was administered to this case prior to surgery
and once a day for 48 h post operatively, Thereafter,
phenylbutazone was administered orally twice a day for 2
weeks in an attempt to control the inflammatory response.

In contrast, opioids are considered to be the cornerstone
of most analgesic protocols in man (Kelly et al. 2001) because
they act at a number of sites within the pain signalling
pathway. However, there is some debate as to the efficacy of
such drugs in equine species. The administration of opioids to
horses may induce undesirable side effects such as central
nervous system excitatory effects, locomotory and
gastrointestinal effects; it has been suggested that the
indiscriminate use of opioids in horses is unjustified (Bennett
and Steffey 2002). Side effects of morphine (0.05–0.1 mg/kg
bwt) seem to be minimal and short lasting in healthy

experimental horses with no pain when this drug is given i.m. or
i.v. at standard clinical doses (Figueiredo et al. 2012). In a
clinical scenario, it is believed that the incidence of these
undesirable effects is inversely proportional to the severity of
pain the horse is experiencing (Clutton 2010). Coadministration
of opioids with loco-regional anaesthetic techniques may
provide superior post operative analgesia whilst minimising
these undesirable side effects as the opioid dose may be
reduced or intervals between opioid doses extended. In this
horse, post operative central nervous system effects such as
agitation and locomotion, and reduced intestinal propulsive
effects were not observed on clinical examination. The pain
scoring system used in this case did not demonstrate changes
following the administration of morphine which may reflect an
inability of the system to detect treatment effects (Jensen
et al. 1986). The systemic administration of morphine was
discontinued after 24 h as the patient appeared to be
comfortable, was attempting to eat and analgesia could be
continued using the wound soaker catheter and NSAIDs.

The use of an intraoperative medetomidine infusion is
associated with more stable anaesthetic depth and superior
recovery quality when compared with lidocaine (Ringer et al.
2007) and a reduced requirement for isoflurane (Neges et al.
2003). These clinical findings may be due to the sedative and
analgesic properties of α2 agonists (Murrell and Hellebrekers
2005; Ringer et al. 2007), although supporting literature
regarding analgesic efficacy in horses is lacking. In this horse,
anaesthesia and recovery were uneventful which may be
attributed in part to medetomidine providing ‘background’
analgesia and sedation as part of the multimodal, preventive
analgesic technique.

Sensory innervation of the mandibular ramus is provided by
branches of the trigeminal nerve. The mandibular portion of
the trigeminal nerve (mandibular V), emerges from the cranial
vault via the oval foramen. The inferior alveolar branch of
mandibular V emerges from the mandibular foramen and
travels with the lingual nerve (another branch of mandibular
V), providing somatic afferent innervation to the mandible,
mandibular teeth and tongue (King and Riley 1980). The point
of emergence from the mandibular foramen is the site for
anaesthesia in this species (Fig 2). Somatic efferent innervation
to the tongue arises from the hypoglossal nerve, which
communicates with the lingual branch of mandibular V (King
and Riley 1980). Local anaesthetic deposited in the region of
the inferior alveolar nerve could theoretically spread to
anaesthetise the hypoglossal, causing paralysis of the tongue,
or the lingual branch of mandibular V, resulting in dysaesthesia
of the tongue. Dysaesthesia of the tongue may result in
self-inflicted trauma during mastication (Caldwell and Easley
2012). Nerve damage has been reported in man and can
occur as a result of the anaesthetic technique itself, rather
than a result of the surgical procedure (Pogrel et al. 1995). That
group estimated that 1 in 400,000 inferior alveolar nerve blocks
in man result in nerve damage associated with technique
alone. Nerve damage may occur with inferior alveolar nerve
block due to intraneural haematoma formation, resulting in
compression and fibrosis, or local anaesthetic neurotoxicity
(Pogrel et al. 1995). In this case, the administration of a number
of analgesic drugs precluded assurance of successful
blockade of the inferior alveolar nerve, although a nerve
stimulator could have been used to localise the inferior
alveolar nerve as it contains motors fibres innervating
mandibular muscles. However, it was assumed to be successful
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due to the lack of a nociceptive response during surgery and
the comfort of the patient post operatively. Lingual paralysis
and dysaesthesia were not evident as movement of the
tongue appeared normal despite loss of the rostral portion of
the mandible and attempts to eat were made.

In addition to the administration of a local anaesthetic in
close proximity to the inferior alveolar nerve, a wound soaker
catheter was used to provide an alternative loco-regional
technique. In dogs, continuous incisional lidocaine delivery
provides equipotent post operative analgesia compared to
intravenous morphine and results in significantly lower levels of
sedation (Wolfe et al. 2006). In this case, bupivacaine was
administered into the wound catheter approximately every
6 h for the following 48 h after surgery. During the pain scoring
period (24 h post operatively), the response to firm palpation
appeared to be reduced after injection and gradually
increased as the action of bupivacaine waned. This suggests
that it may have been more appropriate to administer
bupivacaine via the wound soaker catheter as a continuous
rate infusion rather than as intermittent bolus injections and this
may have resulted in superior analgesia and post operative
comfort. However, a continuous infusion into a wound soaker
catheter in a horse is difficult to manage and maintain and
intermittent injections of local anaesthetics was deemed to be
more appropriate. Complications following placement of a
wound soaker catheter appear to be rare and mostly
equipment-related and include inadvertent removal of the
catheter, disconnection of the catheter from the elastomeric
pump, catheter occlusion or clinical signs of systemic toxicity.
Fluid accumulation and wound oedema were also observed
in some cases, although these complications may be normal
sequelae of the surgical procedure rather than an effect of
the local anaesthetics (Radlinsky et al. 2005; Wolfe et al. 2006;
Abelson 2009). A recent study in mice examined the effects of
local anaesthetics on the rate of wound healing and there
were no differences in wounds infiltrated with lidocaine,
bupivacaine or saline (Waite et al. 2010). In this horse, no
complications were observed and the surgical wound did not
become infected despite the proximity to the mouth. The
administration of antibiotics, the use of an antibacterial filter
and the administration of bupivacaine using an aseptic
technique may have reduced the risk of infection. The wound
soaker catheter was removed 72 h following placement.

In summary, the pain experience anticipated in this horse
following surgical removal of the rostral mandible was
controlled effectively using a preventive approach to
analgesia. This involved the administration of a number of
drugs which affect the pain pathway at different points, which
were both efficacious in their action and via the route by
which they were administered. Pain was assessed using an ad
hoc pain scoring system, which appeared to provide
adequate information on the pain experienced by this horse
and the efficacy of analgesics administered.
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Clinical Commentary

Multimodal strategies for equine analgesia, one step beyond. . .
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Systemically administered nonsteroidal anti-inflammatory
drugs (NSAIDs) form the mainstay of many equine pain
protocols. In some cases, however, horses may still be
experiencing pain and showing pain behaviour after NSAID
administration, or they may present with contraindications
for continued NSAID treatment (signs of NSAID toxicity for
instance). In these cases, alternatives or additional analgesics
are needed for effective pain treatment. Multimodal pain
management refers to the practice of combining multiple
analgesic drug classes or techniques to target different points
along the pain pathway (Lamont 2008). By applying this
multimodal approach, we take advantage of additive or
synergistic analgesic effects and the use of lower doses of
individual analgesic agents limits negative side effects.
Furthermore, by decreasing the nociceptive input into
the central nervous system, the development of central
sensitisation and concurrent chronic pain can be prevented or
limited. Multimodal pain management has therefore become
widely accepted in both human and veterinary medicine.

The extended pain ladder, adapted from the World Health
Organisation (Ventafridda et al. 1985, Fig 1) can be used as a
guide to build multimodal analgesic protocols. For horses,
Class 1 is basically formed by the NSAIDs. Gabapentin, an
anticonvulsive drug that is prescribed for neuropathic pain,
also belongs to Class 1. The use of tramadol (Class 2) is gaining
interest for analgesia in equines and can be used effectively in
combination with NSAIDs or instead of NSAIDs in case of
contraindications. More potent opioids such as morphine,
buprenorphine or fentanyl (patches) are categorised as
Classes 3 and 4. However, especially when used for prolonged
periods of time, these may produce several side effects when
administered systemically (Bennet and Steffey 2002; Boscan
et al. 2006). Decreased gastrointestinal motility can lead to
colic due to constipation, especially in case of increased
dosages or after repeated administration. From Class 4,
ketamine and lidocaine can be applied as constant rate
infusions. These have also been described for post operative
use in horses (Fielding et al. 2006; Dickey et al. 2008).

By means of locoregional anaesthetic and analgesic
techniques (Class 5), neural conduction from the surgical site
to the spinal cord (transduction and transmission phases) can
be diminished or inhibited with subsequent effects on
processing of the afferent information in the dorsal horn of
the spinal (modulation phase). In this way, locoregional
techniques can suppress subsequent neurohumoral activation
and thus prevent spinal cord sensitisation and wind-up
(Buvanendran and Kroin 2009). From Class 5, epidural
techniques have been widely described for use in the horse,
both for analgesics, such as morphine, ketamine and
α2-agonists, and for local anaesthetics, to obtain complete
sensory loss (Natalini 2010). Spinal administration is more

challenging for the veterinarian but is likely to become more
accepted in the future. Locoregional administration of
analgesics such as opioids has the advantage of obtaining
relatively high target tissue concentrations while retaining low
systemic plasma concentrations, thus reducing negative side
effects. Although very helpful, the clinical application is limited
to problems in the hindquarters to date because of the caudal
approach between the first and second coccygeal vertebra.
Class 6 involves surgical neurectomies and specific neurolytic
or stimulating techniques that have been described for human
patients (Rokyta and Fricova 2012) but are thus far not used in
the horse.

The case report by Minghella and Auckburally (2014) in
the current issue of Equine Veterinary Education presents
an equine case that was scheduled for bilateral rostral
mandibulectomy because of the presence of an
ameloblastoma. Because of the extended surgical procedure
and the expected amount of post operative pain, a
multimodal pain protocol was developed that incorporated
α2-agonists (medetomidine in premedication and constant
rate infusions during maintenance), opioids (morphine in
premedication), NSAIDs (flunixine in premedication) and a
bilateral inferior alveolar nerve block with local anaesthetics
(bupivacaine) for perioperative pain control. Post operative
pain management was by systemic administration of NSAIDs
(phenylbutazone 4.4 mg/kg bwt per os every 12 h for the first
day, thereafter 2.2 mg/kg bwt every 12 h for 4 days and then
1.1 mg/kg bwt every 12 h for 14 days), morphine (0.1 mg/kg
bwt i.m. every 6 h during the first 24 h) and local application of
bupivacaine (10 ml 0.5% every 6 h for 48 h) through a wound
soaker catheter that was placed subcutaneously at the
surgical wound site.

The use of wound soaker catheters has been described for
a wide range of surgical procedures in human patients and
companion animals (Abelson et al. 2009). In most companion
animal cases, the indication for post operative local
anaesthesia by means of wound soaker catheters is thoracic
or pelvic limb amputation. The incidence of complications,
such as incisional infection, was very limited and comparable
with the incidence in historical control cases. In man, the
benefits for the patient, such as improved analgesia and
reduced systemic opioid administration have been described
in systematic reviews and meta-analyses (Karthikesalingam
et al. 2008), although the length of hospital stay and the return
of bowel function were not influenced. Apart from application
in surgical wounds, catheters can also be used for continuous
(or bolus wise) administration of analgesics and local
anaesthetics in the epidural space, around peripheral nerves
or in joints. Epidural catheters are widely used in equine clinical
practice. Martin et al. (2003) described the outcome in 43
horses that were treated with an epidural catheter for pain
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relief in various clinical conditions. Complications associated
with epidural catheters or epidural drug administration were
infrequent and transient, while the response to epidural
drug administration was reported as positive in 34 horses.
Median duration of catheter placement was 96 h (with a
maximum of 480 h in one case). A review on the use
of continuous peripheral nerve blocks by means of catheters in
human patients (Ilfeld 2011) describes beneficial effects
such as decreasing baseline/breakthrough/dynamic pain,
and avoidance of supplemental analgesic requirements,
opioid-related side effects and sleep disturbances. In horses,
the technique of application of continuous peripheral palmar
nerve blocks has been described by Driessen et al. (2008). This
technique could in future be of value for horses with severe
(post operative) distal limb pain. Because of the described
efficacy of intra-articular morphine (Lindegaard et al. 2010;
van Loon et al. 2010), the use of indwelling intra-articular
catheters, which has been described earlier for prolonged
administration of antibiotics (Lescun et al. 2002) could be of
potential use to continuously administer analgesics in painful
and/or septic joints.

The techniques described in the current case report by
Minghella and Auckburally (2014) and the abundant amount
of literature on the positive effects of continuous peripheral
nerve blocks in humans shows the potential benefit of
multimodal analgesic strategies for horses with specific painful
conditions. Although knowledge on equine analgesia has
improved significantly in recent decades, the most important
steps towards improved analgesic strategies in the horse may
still lie ahead of us.
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Fig 1: Extended pain ladder for horses, adapted from the World Health Organisation.

© 2014 EVJ Ltd

73EQUINE VETERINARY EDUCATION / AE / FEBRUARY 2014 

Continued on page 106



www.bi-vetmedica.com 

VETERA is a registered trademark of Boehringer Ingelheim Vetmedica GmbH, licensed to Boehringer Ingelheim Vetmedica, Inc. 
© 2013 Boehringer Ingelheim Vetmedica, Inc.     13929

EQUINE DIVISION

I deserve to be protec-ed 
with vaccines that go above 
and beyond as much as I do.

Everything a horse deserves

Vetera® EIVXP

Vetera® 2XP

Vetera® 4XP + WNV
Vetera® 5XP

Vetera® 6XP

Vetera® GoldXP

Vetera® GoldXP + VEE

Only VETERA vaccines with XP on the label 
incorporate the latest equine fl u strains, 
including Ohio/03 and Richmond/07.

Choose new XP vaccines from VETERA. 
Because every horse deserves the most 
relevant respiratory protection.

http://www.bi-vetmedica.com
http://www.bi-vetmedica.com


Case Report

Laparoscopically-assisted ovariohysterectomy in three mares
with pyometra
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Summary
Open surgical ovariohysterectomy in the mare provides
limited visualisation and a long surgical incision.
Laparoscopically-assisted ovariohysterectomy has been
performed by the authors in 3 mares with pyometra. This
approach does seem to offset some of these disadvantages.

Introduction
The 2 largest case studies of open ovariohysterectomy
describe 7 (Rotting et al. 2003) and 6 (Santschi et al. 1995)
clinical cases. This procedure has the undesirable surgical
combination of being a rarely performed procedure with a
deep difficult dissection. Having noted how standing
laparoscopy has enhanced ovariectomy partly by virtue of
the dorsal location of the planes of dissection, the authors
hypothesised that a laparoscopically-assisted approach to
ovariohysterectomy may simplify this procedure.

Case histories
Three mares underwent this procedure; one Thoroughbred
cross weighing 525 kg (Case 1), one Welsh cob weighing
465 kg (Case 2) and one Thoroughbred/Connemara weighing
480 kg (Case 3). Each mare was either 13 or 14-years-old and
presented with a diagnosis of pyometra and a request for
hysterectomy by referring veterinarians.

In one case (Case 2) the mare had been to a studfarm
and was diagnosed with pyometra during routine brood mare
evaluation and was subsequently noticed by the owner to
have a foul smelling vulval discharge present. The remaining 2
mares had a history of a chronic purulent vulval discharge.
There was no history of dystocia in these cases.

Cases 1 and 3 had undergone repeated uterine lavage
but small to moderate (5–8 cm) volumes of uterine
fluid chronically persisted as identified by transrectal
ultrasonography. Identification of chronic persistence of a
moderate amount of uterine fluid as identified by transrectal
ultrasound of a similar volume to Cases 1 and 3, which was not
accessible per vaginum, was seen in Case 2. Palpation per
rectum revealed amild to moderately enlarged uterus in each
case.

Clinical examination
A standard clinical examination was performed with particular
attention to the manual and visual examination of the cervix
and rectal ultrasonography of the reproductive tract. Uterine
irrigation was performed prior to surgery in Cases 1 and 3 to
minimise the volume of fluid and reduce the bacterial load.

One mare (Case 1) was in dioestrus and the cervix was
impossible to dilate. Cloprostenol (Estrumate)1 0.25 mg bwt
was administered i.m. and 3 days later the mare came into
oestrus and the uterus was irrigated with 0.9% saline. In Case 2,
the cervix was also not dilatable and this mare was not
irrigated prior to surgery. In Case 3 the cervix was tight but
would admit one finger, enabling irrigation with 20 litres of
dilute povidine iodine prior to surgery.

Surgery
Cases 1 and 2 underwent ovariohysterectomy at one hospital
and Case 3 underwent hysterectomy at the second hospital.
The different approaches were due to surgeon’s preference.
In Case 3 the surgeon felt that the uterus had the disease and
the ovaries were normal and thus did not remove them. Each
mare was starved for 36 h preoperatively with free access to
water. The mares were placed in stocks and administered
phenylbutazone (Equipalazone)2 (4 mg/kg bwt), tetanus
antitoxin Behring1 (7500 i.u.), 10 mega units benzylpenicillin
(12 mg/kg bwt) (Crystapen)1 i.v. and 6.6 mg/kg bwt
gentamycin2 i.v. The mares were sedated initially with
0.01 mg/kg bwt detomidine (Domosedan)3 and 0.015 mg/kg
bwt butorphanol (Torbugesic)4 i.v. Incremental doses of
detomidine were then administered as required.

The left and right paralumbar fossae were finely clipped
and prepared aseptically. Local infiltration of mepivicaine
(Intra-epicaine)2 was used to desensitise the sites of the portals.
The surgical approach was initiated by a standing left flank
laparoscopy using well established principles (Fig 1). A
disposable 10/12 mm Reflex STR5 trocar cannula system was
placed midway between the tuber coxa and the last rib
through the crus of the internal abdominal oblique muscle
aiming to be in the same horizontal plane as the ventral tuber
coxa without prior insufflation. Insufflation with carbon dioxide
to a pressure of 10–15 mmHg was supplied and an exploratory
evaluation of the abdomen was made. Portal 2 was placed
5 cm dorsal and 2 cm cranial to portal 1. Portal 3 was placed
5 cm ventral to portal 1. One author (R.J.P.) placed his second
portal in the 17th intercostal space and used this portal for the
laparoscope (Fig 2). A 30 cm needle was introduced through
portal 2 and mepivicaine was injected into the mesovarium
and mesometrium. The cranial aspect of the left lateral
ligament of the bladder demarcated the caudal extent of the
desensitisation. The cranial aspect of a large mesometrial fat
pad is also encountered here. Where necessary, 10 mm
Semm-claw forceps were passed through portal 3 and used to
manipulate the genital tract. A 10 mm Ligasure Atlas forceps6

was introduced through portal 2 and used to transect the
mesometrium/mesovarium to the described caudal limit
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(Fig 3). Caudally, it is important to appreciate that the ureter,
lying within the broad ligament, may be no more than 4 cm
from the mesometrial/uterine junction. The middle uterine
artery is the major vascular supply and can be easily identified
at the junction of the uterine horn and body. The left genital
tract was then released from the forceps and the skin at the 3
portals was closed with 3.5 metric monofilament polyamide in
simple interrupted pattern. The procedure was repeated on
the right side of the horse in identical fashion.

The mares were then anaesthetised and placed in dorsal
recumbency. Laparotomy was achieved using a 12 cm

caudal midline incision (Fig 4). The incision extended caudally
between the 2 halves of the udder for 3 cm. Palpation of the
pubis also helped guide the caudal location of the incision.
The linea alba was more easily identified in the cranial part of
this incision. A hand was placed within the abdomen and the

Fig 1: Right flank. Post operative image used to indicate the portal
sites for ovariohysterectomy.

Fig 2: Portal sites used by author R.J.P. for hysterectomy.

Fig 3: Right-sided laparoscopic view to show transection of the
mesometrium and mesovarium. Caudal is to the left and cranial to
the right.

Fig 4: A ventral abdominal incision. The surgeon’s hand is included
to indicate the size of the opening required to manually extract the
uterus.
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genital tract located. The cauterised edge of the
mesometrium provides a useful sharp edge landmark to
differentiate uterus from other tubular viscera. The entire uterus
is exteriorised and a TA 90 stapler6, with a blank disposable
loading unit, is placed as far caudally as possible transversely
across the caudal uterine body. An ILA 100 linear cutter6 is then
placed parallel to the TA 90 and just a few mm cranial (Fig 5).
The ILA 100 is fired and the resected uterus is removed (Fig 6).
An assistant then takes samples from the lumen of the uterus to
target post operative antimicrobial treatment. The remaining
stump of uterine tissue is oversewn with 4 metric glycomer 631
using a continuous Cushing suture pattern which is interrupted
halfway across the uterus. Cruciate stay sutures were applied
to the left and right sides of the uterus in Case 1 but in Case 2
the unfired TA90 was left in place as very efficient tissue forceps
whilst the uterine stump was oversewn (Fig 7). On each
occasion the lateral aspects of the uterine stump were
checked for haemorrhage but none was encountered. The
closure of the linea alba, subcutaneous tissues and skin closure
was routine (Fig 8).

Post operatively, Cases 1 and 2 continued to receive
benzylpenicillin and gentamycin for 4 days and
phenylbutazone for 3 days. Case 3 was placed on
enrofloxacin. The mares were only offered hay for the first 48 h
and then reintroduced to a standard feeding protocol.

Results
In all mares, each stage of the procedure was successfully
accomplished with minimal difficulty.

The Ligasure handpiece was effective at providing
haemostasis. The middle uterine artery provided the largest
vascular supply to the uterus and fortunately is easily identified
even in obese mares so that the Ligasure can be securely
placed around it and activated.

The mares were very bright and alert the next day with
good appetite and normal vital parameters. Neither the flank
incision not the midline incision became swollen. Mares were
hospitalised for 6–10 days.

During the left side dissection in Case 2, a piece of the
mesocolon was inadvertently engaged in the Ligasure forceps

Fig 5: The TA 90 stapler is placed caudally and the ILA 100 is placed
cranial across the caudal uterine body. Note the TA 90 is not fired.

Fig 6: The ILA 100 has been fired. Notice how the ILA 100 in an
average sized horse is not quite wide enough to completely cross
the entire caudal uterine body.

Fig 7: The caudal uterine body staple line has been oversewn. Note
the left and right laterally placed stay sutures.

Fig 8: Closure of the ventral abdominal approach.
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during activation and a small focal petechiation was induced.
This looked insignificant and did not produce any identifiable
post operative complications.

In Cases 1 and 2, about 5 cm of uterine stump remained as
determined by transrectal ultrasound. In Case 1 there was no
bacterial growth and no further local treatment was utilised,
making the assumption that systemic antibiotics would
manage the small residual stump adequately. Uterine
secretions fromCase 2 did not contain any bacteria but fungal
elements were seen and Aspergillus fumigatus was cultured.
Thus the small uterine stump was lavaged weekly on 3
occasions with 2.5% enilconazole (Imaverol)4 to promote
drainage and treat the fungal infection.

In both Cases 1 and 2 the initial placement of the
trocar/cannula system was retroperitoneal and required minor
adjustment before insufflations could commence. A follow-up
period of over 12 months was available for the 3 mares and in
each case the mares made a full recovery without
complications. There was no incisional discharge observed in
any of these mares.

Discussion
Hand-assisted laparoscopic ovariohysterectomy has been
previously described in normal mares with the entire
procedure conducted under general anaesthesia (Delling
et al. 2004). Two of the 8 cases had a short-term fatal outcome
from causes not directly related to the surgery. We decided to
explore the possibility of doing the majority of the dissection
standing in order to improve visualisation and minimise
anaesthesia time in what can be a lengthy procedure
(Embertson 2006). The response to surgery is very impressive
and we believe that in future the hospitalisation period will be
much reduced as a result of using a laparoscopic approach.
The mares are essentially normal the day after surgery with
minimal swelling at the surgical sites. The mares in our series
appeared to have tight fibrotic cervices, as seen in the old
maiden mare syndrome (Pycock 1999) rather than specific
cervical trauma as might be expected with dystocia related
cervical damage.

Post mortem examination of the caudal reproductive tract
in mares subjected to euthanasia for nongenital disease
demonstrated the ureter to be 4–5 cm dorsal to the border of
the mesometrium and the uterus (N. Woodford, unpublished
observations). Thus close dissection to the mesometrial border
is important.

In other species such as the dog, themajor uterine vascular
supply to the uterus lies adjacent and parallel to the cervix and
caudal vagina which can be a significant cause of
haemorrhage. This did not appear to be a significant problem
in these 3 mares and in Cases 1 and 2 the ILA100 was
completely effective for haemostasis with Case 3 just requiring
minor additional electrosurgical haemostasis with the Ligasure.
The authors are aware of one case with a very large amount of
pus in the uterus which had bilaterally greatly enlarged middle
uterine arteries. These surgeons felt that the Ligasure might not
achieve total haemostasis and elected not to continue the
mesometrial dissection caudal to this point. However, they
were still able to exteriorise the uterus safely and continue
the dissection as described above (M. Rocken, personal
communication).

The cervix in Case 2 was very narrow and no attempt was
made to lavage this case preoperatively. Three days post
operatively the cervix was much easier to dilate and at 10
days the mare started the course of 2.5% enilconazole
irrigation. Stump pyometra was not encountered in these 3
mares.

One current technique in the human field, to convert this
into an entirely laparoscopic procedure, would be to remove
the uterus per vaginum utilising the McCartney tube
approach. Gablehouse et al. (2009) describe a laparoscopic
vaginal ovariohysterectomy in a mare with a uterine
adenocarcinoma. In addition, Heijltjes et al. (2009) described
a standing partial unilateral ovariohysterectomy which was
closed with intracorporeal suturing and thus was
accomplished with a total laparoscopic approach.

In conclusion, we believe that this procedure is an
improvement on traditional open surgical hysterectomy in
technical ease, post operative recovery and lack of
complications.
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Clinical Commentary

Laparoscopic ovariohysterectomy in the equine; an elusive goal
E. M. Santschi
Veterinary Hospital, Ohio State University, Columbus, USA.
Corresponding author email: santschi.5@osu.edu

Ovariohysterectomy (OHE) in the horse or donkey is performed
in females affected with uterine disease that cannot be
successfully managed medically. The most common cause is
chronic pyometra and surgery is necessary when the
endometrium is proliferative due to severe infection, when
dense chondroid-like accumulations of debris and fibrin are
present, or when the cervix is malformed or fibrotic (Vaughan
1980; Slone 1988; Santschi et al. 1995; Thiemann et al. 2007).
The cervix can be sealed, which results in a failure of normal
drainage and causes an enlarged fluid-filled uterus (Boussauw
et al. 1998). Severe cervical scarring can also result in a fibrotic
tract too small for effective lavage but large enough for
pus to escape. In these cases, OHE is performed to
resolve the infection. The ovaries are removed along
with the uterus to preclude future oestrous behaviour, but it
is not known if ovariectomy is required for medical reasons.
Ovariohysterectomy is also uncommonly used to treat
symptomatic extensive benign neoplasia of the uterus
(Broome et al. 1992) or rare malignant neoplasias such
as adenocarcinoma (Gablehouse et al. 2009). Partial
hysterectomies are usually sufficient for the majority of uterine
benign neoplasia (usually leiomyoma) and can allow future
reproduction (Santschi and Slone 1994). Ovariohysterectomy
has also been described as a treatment for the extremely rare
condition of chronic uterine torsion in the mare (Doyle et al.
2002).

In the 20th century, most equine OHE reports described
a caudal ventral midline approach and suture occlusion of
the vasculature to the ovaries and uterus (Vaughan 1980;
Slone 1988; Santschi et al. 1995). Ovariohysterectomy is not
particularly challenging technically or conceptually, but
requires several surgeons for exposure and some degree of
stamina for both patient and surgical team. In the last 10 years,
laparoscopy has been used for urogenital surgery in the mare,
first for ovariectomy (Palmer 1993; Bouré et al. 1997) and more
recently for removal of portions of the uterus (Delling et al.
2004; Gablehouse et al. 2009). The advantages of
laparoscopic techniques include better visualisation of
the vessels and suspensory ligaments and the ability to
occlude the vessels without tension (Caron 2009).
Disadvantages include equipment expense, additional
training in laparoscopic techniques, the challenge of
intracorporeal suturing for closing the caudal transection
through the uterus, cervix or vagina and limited portals for
removal of tissues. From a pure laparoscopic viewpoint, the
latter 2 problems have not yet been solved for OHE and all
techniques revert to manual withdrawal of the uterus from a
celiotomy (ventral midline or vagina) and conventional
closure of the caudal incision (except for the single colpotomy
report) after laparoscopic transection and occlusion of vessels
(Delling et al. 2004; Gablehouse et al. 2009).

In the accompanying article, Woodford et al. (2014)
describes a 2 stage technique that uses laparoscopy in the first

stage on the standing mare to approach and transect the
mesovarium and part of themesometrium (in 2 mares: the third
did not have the ovaries removed) and occlude the
vasculature within those structures. Vessel occlusion and
mesometrial transection was performed using a vessel sealing
system (LigaSure)1 (Hand et al. 2002) and the caudal extent
was the lateral ligament of the bladder. The procedure must
be done through both flanks. The second stage is performed
under general anaesthesia and a 12 cm caudal ventral
midline celiotomy is performed to remove the uterus from the
abdomen and then close the caudal uterus with stapling
devices and suture. No mesometrial transection is performed
except laparoscopically and the celiotomy closure is routine.

So, what problem is laparoscopy solving? Advantages of
laparoscopic techniques include vessel occlusion without
tension from traction on the mesovarium and broad ligament
of the uterus and the ability to inspect vessels after transection
to assure complete haemostasis. Additionally, avoiding uterine
traction may reduce post operative pain often seen in the 48 h
after an open hysterectomy. Clinically, however, the length of
an incision on the caudal abdomen is of little concern. In my
opinion, surgeons should reject the competition for smallest
incision in areas where it is irrelevant. Forcing minimally invasive
techniques to achieve a small abdominal incision may not
always be in the best interest of the patient.

The report does not mention how long the combined
procedures took and that could be a practical concern for
staff and facilities. At least 2 mares were left with a 5 cm uterine
stump (the level of transection of the third mare is not
reported), and it would be more accurate to label this case
series subtotal hysterectomy due to the retention of the caudal
uterine body. Pyometra of this remaining uterus was not a
complication in this small case series, but it can occur (Santschi
et al. 1995). While stump pyometras can usually be successfully
treated with post operative lavage and antimicrobial
administration, it is a risk that should be considered.
Ovariohysterectomy performed via a midline celiotomy
usually results in removal of the entire uterus and often the
entire cervix or large portions of it (Fig 1). The amount of
accessible caudal reproductive tract at surgery in traditional
ventral approaches is dependent on the mares’ conformation
(general and reproductive) and body condition, rather than a
limitation of the procedure. Raising the hindquarters to allow
viscera to move cranially can be useful for exposing the
caudal uterus and vaginal attachments (Fig 2). It is possible
that the small ventral midline incision used in this 2 stage
procedure limits uterine exposure and exteriorisation,
constraining removal of the entire uterine body. Enlarging the
caudal midline incision will provide greater access to the
caudal uterus for mesometrial dissection and complete
uterine body removal if deemed necessary.

One mare in the accompanying article was noted to have
a closed cervix; however, the uterine size at surgery was not
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recorded. This procedure is not likely to be useful in mares with
large fluid-filled uteri that cannot be drained before surgery.
The large uterus will have dilated vasculature and effective
vascular occlusion using vessel sealing devices may be
challenging. Additionally, removal of the large uterus through
the small incision could be difficult. Many of these large uteri
can be drained using general anaesthesia to align the caudal
reproductive tract into a conformation more predisposed to

drainage (Boussauw et al. 1998). However, using the 2 stage
OHE procedure after drainage under general anaesthesia
would result in 2 anaesthesias and recoveries interposed with a
standing laparoscopy. Performing OHE on those mares via an
open traditional approach after uterine drainage in dorsal
recumbency is probably a wiser course of action.

In conclusion, the 2 stage approach for laparoscopically-
assisted OHE should be useful in many mares with extensive
uterine disease. Vessel occlusion using laparoscopic vessel
sealing devices such as the LigaSure1 should be more reliable
than suture under tension and the lack of traction on the
suspension of the ovaries and uterus should result in a more
comfortable convalescence immediately after surgery. The
procedure as described should be avoided in mares with large
fluid-filled uteri, or those with extensive disease in the caudal
uterine segment.
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Fig 1: Entire uterus (including cervix) and ovaries removed via a
ventral midline celiotomy from a 450 kg mare. The LigaSure1 vessel
sealing system was used for transection of the mesovarium and
mesometrium. Note the proximity of the transection to the uterus,
which avoids the ureters. Picture courtesy of J. K. Belknap.

Fig 2: The same mare as in Figure 1. The caudal closure of the
peritoneal side of vaginal mucosa after complete OHE. Picture
courtesy of J. K. Belknap.
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Case Report

Treatment and resolution of zilpaterol hydrochloride toxicity in a
Quarter Horse gelding
K. L. Hepworth-Warren* and C. J. Alcott
Lloyd Veterinary Medical Center, College of Veterinary Medicine, Iowa State University, Ames, Iowa, USA.
*Corresponding author email: hepworth@iastate.edu

Keywords: horse; zilpaterol; β agonist; toxicity; propranolol; clenbuterol

Summary
Zilpaterol hydrochloride is a β-2 agonist utilised as a
repartitioning agent in cattle. In recent years, it has also been
used illicitly among human athletes and body builders, and
administered to racehorses. While there are numerous
anecdotal reports of the effects of zilpaterol in horses, this is the
first documented clinical case of equine zilpaterol toxicity. The
horse presented with marked tachycardia, profuse sweating
and generalised muscle fasciculations. Ultimately, treatment
was initiated with propranolol and the horse made a complete
recovery.

Introduction
Intoxication of horses with feed additives containing
ionophore antibiotics has been well described. Beta-2 agonists
are another class of drugs utilised for increased feed efficiency
in livestock. These drugs include zilpaterol, ractopamine,
clenbuterol, cimaterol and salbutamol, with the latter 3
substances being prohibited in food animals. The potent
repartitioning and lipolytic effects of these drugs also make
them a target for illegal use by athletes, both human and
equine, for performance enhancement by increasing lipolysis
and lean muscle deposition. Numerous anecdotal reports exist
of illicit administration of zilpaterol to equine athletes and one
report of adverse effects seen in a prospective study utilising
the drug (Wagner et al. 2008). To the author’s knowledge, a
clinical case documenting the effects, management and
outcome of zilpaterol toxicity has not previously been
described.

History
An 11-year-old Quarter Horse gelding, weighing 448 kg with a
body condition score of 5/9, presented to the Lloyd
Veterinary Medical Center at Iowa State University with a 12 h
history of profuse sweating and generalised muscle
fasciculations. The owner reported the horse being normal
that morning, and had been tied to a fence shortly after the
owner worked cattle for approximately 2 h, reportedly a
common practice. Unbeknownst to the owner the horse was
fed multiple handfuls (approximately 0.5 kg) of zilpaterol
pellets (Zilmax)1 by children while tied. When the owner
returned, the horse was shaking and sweating profusely. No
evidence of trauma or distress was noted, and to the owner’s
knowledge, the horse had not had access to substances
aside from normal feed. The horse ate a mouthful of cattle
feed containing monensin on a regular basis with no adverse
effects, but had not that day. The horse was seen by 2
separate veterinarians prior to referral. The initial veterinarian
attributed the horse’s signs to abdominal pain and

administered flunixin meglumine (dose unknown), to which
no response was noted. Six hours later, a second veterinarian
examined the animal, noting marked tachycardia (120
beats/min), generalised muscle fasciculations, profuse
sweating (hyperhidrosis), and tachypnoea (precise rate
could not be evaluated due to severe fasciculations). No net
reflux was obtained via nasogastric tube at that time.
Abdominal palpation per rectum revealed a firm mass
in the colon, suspected to be an impaction. Abdominal
ultrasound was unremarkable. A complete blood count
revealed leucocytosis (19.74 × 109 cells/l, reference range
[rr] 5.4–14.3 × 109 cells/l) characterised by mature neutrophilia
(15.68 × 109 cells/l, rr 2.3–9.5 × 109 cells/l). Serum biochemical
analysis (SBA) revealed hyponatraemia (125 mmol/l, rr 126–
146 mmol/l), increased creatine kinase (CK, 943 u/l, rr 120–
470 u/l), hyperglycaemia (>39 mmol/l, rr 3.6–6.1 mmol/l),
azotaemia (blood urea nitrogen 11.4 mmol/l, rr 2.5–
8.9 mmol/l; creatinine 433 mmol/l, rr 53.0–194.5 mmol/l),
increased activity of aspartate aminotransferase (AST, 382 u/l,
rr 175–340 u/l), hyperbilirubinaemia (53 mmol/l, rr 8.6–
39.3 mmol/l), hyperalbuminaemia (40 g/l, rr 22–37 g/l) and
hyperproteinaemia (82 g/l, rr 57–80 g/l). Bilateral intravenous
jugular catheters were placed and 16 l of lactated Ringer’s
solution was administered as a bolus. The horse was referred
to the Lloyd Veterinary Medical Center for further diagnostics
and treatment.

Clinical findings
Upon presentation the horse was quiet, but alert and
responsive. Severe tachycardia (120 beats/min), hyperhidrosis,
and generalised muscle fasciculations were present. Mucous
membranes were injected with prolonged capillary refill time.
Initial laboratory investigation revealed haemoconcentration
(packed cell volume 48%, total solids 80 g/l), hyperlactaemia
(18 mmol/l, rr <2 mmol/l), hypocalcaemia (iCa 0.97 mmol/l,
rr 1.50–1.56 mmol/l) and severe hyperglycaemia (41 mmol/l,
rr 4.4–6.3 mmol/l). Abdominal palpation per rectum revealed
dry faecal balls in the small colon, and no other significant
findings. Percutaneous transabdominal ultrasonography
revealed a generalised decrease in motility throughout the
gastrointestinal tract. No net gastric reflux was obtained from
nasogastric intubation. Serosanguinous fluid was recovered
from abdominocentesis with a total protein of 15 g/l, and an
increased lactate (17 mmol/l). An electrocardiogram was
performed but could not be interpreted due to interference
from the muscle fasciculations. The horse was sedated with
xylazine and butorphanol to facilitate examination and
provide analgesia, which appeared to decrease the muscle
fasciculations and tachypnoea. Resuscitative intravenous fluid
therapy was initiated with 7.2% hypertonic saline (Hypertonic
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Saline 7.2% Solution2 2 l), 23% calcium gluconate (Calcium
Gluconate 23% solution2 500 ml) and a bolus of lactated
Ringer’s solution (20 l). Despite calcium administration, the
muscle fasciculations and tachypnoea resumed when
sedation effects dwindled. The patient’s decrease in muscle
fasciculations and respiratory rate following administration of
xylazine and butorphanol led to the interpretation of these
signs being indicative of pain. This finding, in conjunction with
serosanguinous abdominal fluid raised concern for a
strangulating intestinal lesion. The owner was adamant that
the horse had not had access to toxins or livestock feed
additives, despite persistent questioning. Based on the
response to analgesics and abnormal peritoneal fluid,
duration of clinical signs, and lack of evidence to support a
toxicity, abdominal crisis was considered as the most likely
cause of the horse’s clinical signs. Exploratory laparotomy was
performed to identify a potential source for the condition.

Perioperative gentamicin (Gentaved 1001 6.6 mg/kg bwt
i.v. q. 24 h), procaine penicillin G (ProPen One3 22,000 iu/kg
bwt q. 12 h), and flunixin meglumine (Prevail2 1.1 mg/kg bwt
i.v. q. 12 h) were administered. Aside from dry faecal material
in the colon, no significant lesions were noted. Normal sinus
rhythm was present throughout anaesthesia. Hypotension was
present through the first hour of anaesthesia, but resolved with
institution of a constant rate infusion of dobutamine.
Enterotomy and colon lavage were performed to soften and
remove dry faecal matter from the left ventral and dorsal
colon. The horse recovered uneventfully from general
anaesthesia. Promptly after recovery, hyperhidrosis and
muscle fasciculations recommenced.

A complete blood count and serum biochemistry analysis
were performed following recovery from anaesthesia.
Significant findings on the complete blood count included
leucocytosis characterised by mild neutrophilia (6.84 ×
109 cells/l, rr 2.1–6.7 × 109 cells/l) with toxic neutrophils and a
left shift (1.368 × 109 band cells/l, rr 0.0–0.20 × 109 cells/l), and
mild hypoproteinaemia (57 g/l). Serum biochemical analysis
revealed hyponatraemia (134 mmol/l, rr 137–145 mmol/l) and
hypochloraemia (96 mmol/l, rr 102–114 mmol/l), hypocarbia
(18.0 mmol/l, rr 24.5–33.5 mmol/l), hyperphosphataemia
(5.0 mmol/l, rr 0.84–1.62 mmol/l), azotaemia (creatinine
309.4 mmol/l, rr 88.4–185.6 mmol/l; blood urea nitrogen
9.6 mmol/l, rr 5.0–7.5 mmol/l), hyperglycaemia (29.5 mmol/l, rr
4.4–6.3 mmol/l), hypoalbuminaemia (20 g/l, rr 33–46 g/l) and
increased creatine kinase (1174 iu/l, rr 74–426 iu/l). Cardiac
troponin I was markedly increased at 19.22 ng/ml (rr
<0.2 ng/ml). Serum insulin was 49.7 μu/ml (rr <5–36 μu/ml, Rood
and Riddle Equine Hospital Lab)4. Urinalysis was unremarkable
excluding marked glucosuria.

Intravenous fluid therapy continued post operatively, with
additive hypertonic sodium chloride and potassium chloride.
Diazepam (Diazepam5 0.03 mg/kg bwt i.v.) and
methocarbamol (Methocarbamol6 25 mk/kg bwt per os once)
were administered as muscle relaxants, but no significant
change was noted. Perioperative antibiotics were continued,
replacing procaine penicillin with ceftiofur (Naxcel7 2 mg/kg
bwt i.v. q. 12 h) to minimise muscle damage associated with
intramuscular injections. A single dose of dexamethasone
(Dexamethasone Solution1 0.16 mg/kg bwt i.v.) also failed to
incite any change to the horse’s condition. Glucose and
lactate were monitored throughout the day, and gradually
decreased. The horse ate readily. Despite fluid therapy, severe
tachycardia persisted at 120 beats/min. Given the history, the

working differential was myocarditis from chronic ionophore
toxicity. At this time the horse had been severely tachycardic
for over 24 h, with little change in response to fluid therapy.

Treatment with the β-receptor antagonist propranolol
(Propranolol8 0.3 mg/kg bwt per os q. 8 h) was initiated to slow
the heart rate. Within 3 h of the first dose, the patient’s heart
rate decreased to 60 beats/min, and the sweating andmuscle
fasciculations ceased. The horse’s attitude improved and he
continued to eat and drink normally. The following day, the
horse was bright, alert and responsive. Temperature and
respiratory rate were within normal limits and heart rate
remained at 60 beats/min. An electrocardiogram performed
at this time indicated normal sinus rhythm. Over the course of
the day, the horse gradually began showing increased pain in
the forelimbs, as evidenced by bounding digital pulses and a
stiff gait. Due to concern for the development of laminitis, ice
boots were placed on the forefeet and replaced as needed
to maintain as ice melted.

Further anamnesis by the owner revealed that the horse
had been inadvertently fed cattle feed additive containing
zilpaterol hydrochloride (Zilmax) while tied to the fence the
morning of presentation. Serum samples were submitted and
confirmed the presence of zilpaterol in the horse’s serum. No
ionophores were detected in the serum.

Over the next 3 days, the horse remained bright and
maintained a heart rate of 48–60 beats/min. The horse
became increasingly lame and reluctant to ambulate.
Supportive pads were placed on his feet and the icing was
discontinued due to behaviour. Radiographs (mediolateral
and dorsopalmar projections) taken on Day 5 revealed no
evidence of displacement of the third phalanx.

The horse was discharged on Day 6 with instructions for
continued propranolol therapy for 14 days. Re-examination
after 14 days after discharge with the referring veterinarian
found no radiographic evidence of laminitis, and cardiac
troponin I concentration had decreased to 0.9 ng/ml.
Propranolol was gradually tapered (120 mg per os t.i.d. for 10
days, 80 mg per os t.i.d. for 10 days, 40 mg per os t.i.d. for 7
days) following this examination and then discontinued 27
days later. Communication with the owner indicated that the
horse was healthy, sound and back to previous level of work 7
months after discontinuing propranolol.

Discussion
This is the first documented clinical case of inadvertent
zilpaterol hydrochloride toxicity in the horse. Recently,
Thompson et al. (2011) described 3 similar cases of horses
administered compounded clenbuterol, with similar
manifestations to the case described here. Illicit use of
zilpaterol hydrochloride in equine athletes for its anabolic
effects has been anecdotally reported, and it has been
specifically banned by the Association of Racing
Commissioners, the Fédération Equestre Internationale
(FEI); and by the British Horse Racing Authority’s ban on all
β-2 agonists (http://www.arci.com, http://www.fei.org,
http://www.britishhorseracing.com). A recent article in the
New York Times stated that 4 racehorses in Indiana were
illegally administered zilpaterol (Bogdanich et al. 2012). While
the intoxication in this case was accidental, it warrants further
investigation into the detrimental effects of this substance in
the horse.

Clinical signs exhibited in this horse were, in hindsight, all
referable to intoxication with a β-2 agonist. The owner’s initial
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certainty that the horse had not accessed a toxic substance
within the previous 24 h delayed definitive diagnosis and
treatment. Historically, the horse had chronic exposure to
monensin but no exposure on the day of presentation, and no
precipitating sign for the animal’s acute decompensation. The
decision to perform an exploratory abdominal surgery was
based on the presence of serosanguinous abdominal fluid with
increased protein and lactate concentrations in conjunction
with supporting clinical signs (profound tachycardia, tacky
mucous membranes, muscle fasciculation, hyperhidrosis)
presumed at the time to be associated with pain and
endotoxaemia as a result of a suspected strangulating
gastrointestinal lesion. Surgical exploration might have been
avoided if the initial history included ingestion of zilpaterol
and if evidence of myocardial damage was available.
Measurement of cardiac troponin I at time of presentation was
not readily available due to the after-hours nature of the case
and an electrocardiogram could not be interpreted as a result
of muscle fasciculations.

Zilpaterol hydrochloride (Zilmax) is a β-2 agonist marketed
as a repartitioning agent in food animals, a class of drugs
utilised to promote lean protein deposition and increase
lipolysis. It was approved for use in cattle in the USA in August
2006. Ractopamine hydrochloride is the only other β agonist
labelled for use in food animals; prohibited for use in food
animals are clenbuterol, cimaterol, and salbutamol. The
purported benefits of zilpaterol over clenbuterol include
fewer adverse effects as livestock are adapting to the
drug with similar outcomes in feed efficiency and rate of
growth (Strydon et al. 2008). Unlike clenbuterol, zilpaterol
administration to horses is advised against but no lethal dose
has been established. The recommended dose of zilpaterol in
cattle is 60–90 mg per cow once daily; Zilmax is produced in
the pelleted form containing 4.8% zilpaterol hydrochloride. The
exact quantity ingested in this case is unknown, but the
handfuls that the horse ingested are speculated to have been
approximately 0.5 kg, which would contain a quantity of
zilpaterol in excess of 200 times the recommended daily dose
for cattle. In the only report of the effects of zilpaterol
administration in horses, Wagner et al. (2008) found that
oral administration of 0.17 mg/kg bwt of zilpaterol
hydrochloride induced hyperhidrosis within 20 min. Within
40 min, marked tachycardia developed with heart rates
greater than 150 beats/min. Muscle tremors developed 90 min
after administration, (Wagner et al. 2008). The clinical signs in
the study were less severe than those exhibited by the horse in
this report, potentially due to differences in dose, albeit the
effects of transport, surgery and additional pharmacological
therapies may have been factors.

Beta-2 agonists are utilised in the horse primarily for their
bronchodilatory effects in treatment of recurrent airway
obstruction and inflammatory airway disease. Their use in man
is limited to treatment of chronic obstructive pulmonary
disease and asthma. Clenbuterol is currently the only β-2
agonist labelled for use in the horse in the USA, and is not
labelled in the USA for human use. It is a more effective
repartitioning agent than zilpaterol, but its use in food animals
is prohibited by the Food and Drug Administration due to
increased oral absorption and adverse effects associated with
human consumption of contaminated meat (Chan 1999;
Kierzkowska et al. 2005; Lust et al. 2011). Its potent effects on
lipolysis and increased protein deposition have led to abuse of
the substance in human and equine athletes to increase

muscle mass. Studies have also shown that clenbuterol can
negatively impact cardiac function and athletic performance
in the horse (Kearns and McKeever 2002; Sleeper et al. 2002).
Reports in human medicine have also documented toxicity
following contamination of cocaine with clenbuterol (Lust
et al. 2011).

The effects of β agonist toxicity in the horse are similar to
those seen in man and include many of the signs described
in this case. Thompson et al. (2011) reported a case of
3 Quarter Horses administered an ultra-concentrated
compounded clenbuterol and displayed signs of β agonist
toxicity. Initial findings in that report included severe
tachycardia, hyperhidrosis, muscle tremors, colic, stiff gait,
presence of nasogastric reflux and excitation. Notable
clinicopathological findings included hyperglycaemia,
azotaemia, hyperbilirubinaemia, increased activity of CK and
AST, hyponatraemia, hypochloraemia, increased activity
of alkaline phospatase, isosthenuria, myoglobinuria and
glucosuria. Two of the 3 horses were subjected to euthanasia
due to rapid clinical deterioration and post mortem
examination found necrosis of skeletal and cardiac myocytes
and renal tubular degeneration and necrosis (Thompson et al.
2011). Laminitis also developed in 2 of the 3 horses in this
study (Thompson et al. 2011). While the horses in Wagner’s
study did not develop laminitis; examination findings and
clinicopathological data paralleled those seen in this case,
including marked hyperglycaemia, increased activity of
alkaline phospatase, AST and CK, and hyponatraemia and
hypochloraemia (Wagner et al. 2008).

In comparing the case described here to the report by
Thompson et al. (2011), β agonist toxicity in horses appears to
manifest consistently. The profound hyperglycaemia
documented in this case also occurred in the horses with
clenbuterol toxicity, and was noted by Wagner et al. (2008;
Thompson et al. 2011). Interestingly, zilpaterol did not appear
to induce rhabdomyolysis and subsequent pigment
nephropathy in the same fashion as clenbuterol. While this
horse did have increased CK activity, values were not
consistent with acute rhabdomyolysis. This value was probably
higher at initial presentation as resuscitative fluid therapy was
initiated prior to phlebotomy. Azotaemia was present on the
initial SBA but was determined to be pre-renal in origin
supported by grossly normal urine and a specific gravity of
1.022. Creatinine returned to normal within 24 h of
presentation.

The clinical signs described in this case, as well as
those described by Thompson et al. (2011) and Wagner et al.
(2008), illustrate the physiological effects of the β-2 adrenergic
receptors. Endogenous catecholamines, specifically
epinephrine and to a lesser extent norepinephrine, stimulate
β-2 receptors and stimulate vasodilation, smooth muscle
relaxation in the gastrointestinal tract, urinary bladder and
uterus; bronchodilation, calorigenesis, and glycogenolysis (Hall
2011). The sweat glands in the horse are also under β-2
adrenergic control (Bijman and Quinton 1984). The link
between the development of laminitis and β-2 adrenergic
agonists is perplexing in that stimulation of β-2 receptors in the
digital vasculature results in vasodilation, thus is unlikely to
directly induce laminitis (Elliott and Soydan 1995; Belloli et al.
2004). In this case, propranolol may have induced digital
vasoconstriction and produced signs of laminitis. The marked
hyperglycaemia in this case mirrored hyperglycaemia
documented in human β agonist toxicity, although insulin
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levels have not previously been documented. Interestingly, a
study performed to evaluate the effect on insulin of
ractopamine administration to obese horses found no
significant changes in serum insulin levels (Buff et al. 2006). No
adverse effects were noted in this study, leading to
speculation that the β-2 effects on insulin and glucose
dynamics are dose dependent. Cardiotoxicity from β agonists
is associated with β-1 activity, which at higher doses can be
stimulated by β-2 agonists. The loss of β-2 receptor specificity
with increased doses of β-2 agonists accounts for the cardiac
toxicity mediated by β-1 effects (Kierzkowska et al. 2005; Lust
et al. 2011).

Clinical signs noted in cases of human intoxication with
clenbuterol parallel those seen in the horse and dog with β-2
agonist toxicity. Documented effects include tachycardia,
muscle tremors, hyperglycaemia, elevated cardiac troponin I,
nervousness, hypophosphataemia, hypokalaemia and
hypomagnesaemia (Hoffman et al. 2001; Kierzkowska et al.
2005; Schechter et al. 2007; Lust et al. 2011; Huckins and
Lemons 2013). Of interest is the hypophosphataemia,
hypokalaemia, and hypomagnesaemia noted in human
patients in contrast to the marked hyperphosphataemia,
normokalaemia and normomagnesaemia seen in this case
reported here (Hoffman et al. 2001; Schechter et al. 2007; Lust
et al. 2011). A prospective study in Greyhounds found that 7
out of 9 dogs administered ractopamine developed
arrhythmias and elevations in cardiac troponin I (Yaeger et al.
2012).

Ionophore toxicity was considered a likely differential
diagnosis in this case given the history of chronic ingestion of
monensin sodium, although clinical signs were atypical.
Different species display different sensitivities to ionophore
antibiotics, with horses being far more susceptible to the
cardiotoxic effects. Of the ionophores, monensin appears to
be a far more potent toxin to equids in comparison to lasolacid
(Decloedt et al. 2012). The primary effects of ionophore toxicity
are produced by damage to the mitochondria that develop
as a result of alterations in electrolyte fluxes across the cell
membrane. The typical clinical picture includes tachycardia,
ataxia, sweating, seizures, fluid accumulation in the airways,
tachypnoea, and signs of colic. Generalised muscle
fasciculations are typically not observed in contrast to β
agonists. Clinical pathology associated with ionophore toxicity
includes nonspecific changes such as hypokalaemia,
hypocalcaemia, increased AST, increased CK, increased
serum urea nitrogen, hyperglycaemia, hypomagnesaemia
and hyperbilirubinaemia. A case report documenting
monensin intoxication in 5 Belgian draught horses noted
severe hyperglycaemia comparable to that seen in this case
(Peek et al. 2004). The horses in this report ingested a large
volume of monensin over a short period of time, in comparison
to the horse described here with chronic ingestion of small
quantities and no clinical signs until zilpaterol ingestion. Other
reports of ionophore toxicity do not describe marked
hyperglycaemia (Aleman et al. 2007; DeCloedt et al. 2012).

To the authors’ knowledge, the case described here is the
first documented clinical case of zilpaterol toxicity in a horse.
While the manifestations of ingestion of other livestock feed
additives by horses, namely ionophores, have been well
described, it is important to consider additional drug toxicities
in horses housed on the same property as cattle. The potent
effects of zilpaterol as a repartitioning agent are making it
increasingly popular as a performance enhancing drug used

illegally by both human athletes and racehorses to increase
muscle mass and decrease adipose tissue. While the ingestion
in this case was incidental, awareness should be raised for the
potential administration of this drug to racehorses, exhibiting
clinical signs similar to this case and those described by
Thompson et al. (2011).
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Clinical Commentary

Accidental zilpaterol toxicity, food for thought
J. Bertone
College of Veterinary Medicine, Western University of Health Sciences, Pomona, California, USA.
Corresponding author email: jbertone@westernu.edu

The case report in this issue by Hepworth-Warren and Alcott is
a well-documented case of zilpaterol intoxication in horses. I
congratulate the authors (Hepworth-Warren and Alcott 2014)
for this effort. The case as a record of chemical toxicity is
complete and of great interest. Public health and abuse and
specific morbidity issues are of particular interest as well. The
signs and laboratory data are consistent with clenbuterol
intoxication in human patients (Hoffman et al. 2001; Daubert
et al. 2007).

Beta-2 agonist chemicals and drugs and their effect on
repartitioning of fat to muscle have accumulated a great deal
of myth concerning generalisations of their effects. These
drugs have poor, not the purported potent and durable,
effects on normal muscle and fat repartitioning in human
subjects and horses. To a large extent, the partitioning effect is
more lore than reality in both species. Down regulation is rapid
and the muscle anabolic benefits are not worth the adverse
effects, which include a tachycardia and cardiac pathology,
and insomnia. These are detrimental to athletic performance,
muscle development and overnight rest recovery (Betts et al.
2011). Pulse use with intermittent abstention is the Internet
recommended protocol for human patients. Again, this
probably does not lead to increase in normal muscle mass. In
addition, cardiac ischaemia and other vascular insults do
occur with these chemicals in other species, including man
(Huckins and Lemons 2013). Promise of the use of these drugs
is evident in some pathological states in human patients where
signs are ameliorated by the use of clenbuterol (Jiang et al.
2011). These drugs do decrease fat in horses, but have little
benefit vs. cost and risk in muscle development in horses. This is
bearing in mind the negative impact that may occur (Kearns
et al. 2001; Kearns and McKeever 2009).

In addition, the chronic use of clenbuterol at a mid-level
Food and Drug Administration approved dose of 2.4 mg/kg
bwt resulted in deficits of aerobic performance (Kearns and
McKeever 2002; Beekley et al. 2003). More importantly
endurance of high-intensity exercise (100% of VO2max)
suffered with the use of clenbuterol in horses. Clenbuterol
treated horses consistently had a 21% reduction in time to
fatigue during high-intensity exercise capacity testing. The
treadmill velocity of the test was set at the velocity that the
horses previously achieved 100% of VO2max. The exercise-only
group improved 32% of its exercise capacity test time (Kearns
and McKeever 2002).

Repartitioning, cardiovascular and pulmonary effects are
not conserved across species and with great variation within
the class of drugs. In man, the adverse effects that include
tachycardia, insomnia, possible cardiac necrosis etc.,
combined with the rapid down regulation of muscle beta
receptors are not worth the marginal repartitioning effects that
may occur with the use of beta agonists.

This was an accidental overdose (Hepworth-Warren and
Alcott 2014). Interestingly, a historical comment indicated that
the horse had received chronic monensin feeding ‘without
harm’ according to the owner. Lack of clinical signs may not
necessarily translate to lack of harm. The adverse effects of
monensin toxicity can be cumulative (Muylle et al. 1981).

It appears that clinical experience, pattern recognition
and the available evidence led to an unnecessary exploratory
laparotomy. This is food for thought. There is no intention here
to criticise the attending veterinarians. One must be curious
concerning what could have stopped the progression to
abdominal surgery. This commentator has few answers. As
described by the authors (Hepworth-Warren and Alcott 2014),
misleading and confounding information, specifically the
serosanguinous abdominal fluid, probably led to the decision.
I wonder if the serosanguinous fluid seen at the referral
institution was the result of abdominocentesis attempts at one
of the 2 initial veterinary evaluations that was not captured in
the history. Hypothetically, small vessel extravasation or vessel
rupture may also have led to the serosanguinous abdominal
fluid. I have seen this with clenbuterol intoxication in a horse.

In conclusion, the popular Internet-, gymnasium- and
paddock-driven myths concerning the ‘beneficial effects’ of
these drugs on muscle and beyond their value in respiratory
care in man and horses needs to be ablated as chronic use is
a health and performance hazard to both species.
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Laryngeal fistula formation after laryngoplasty in two
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Summary
Recurrent laryngeal neuropathy usually results in left-sided
laryngeal hemiparesis or hemiplegia and is one of the most
common problems of the upper respiratory tract in equids.
There are multiple methods of management, and the
laryngoplasty procedure is still the most common surgical
treatment. Different nonabsorbable suture materials and
techniques are used for laryngoplasty. Post surgical
complications are not uncommon. Of these complications,
coughing is the most common. The following case report
describes diagnosis and treatment of 2 horses with chronic
coughing after laryngoplasty due to infection at the surgical
site and laryngeal fistula formation. In both horses an elastic
material (probably Lycra) had been used as part of the
prosthesis implant. This material had deteriorated into multiple
small pieces making removal difficult, and therefore use of this
material for a laryngoplasty procedure should be avoided.

Introduction
Horses most commonly affected by left-sided laryngeal
hemiplegia are large-breed sport horses as well as draught
horses and Thoroughbreds, and it is most commonly
diagnosed at age 2–7 years (Baker 2003). This paralysis, which
is mainly caused by recurrent laryngeal neuropathy, is often
treated by prosthetic laryngoplasty (LP; tieback procedure)
with or without concurrent ventriculectomy and/or vocal
cordectomy (Dixon et al. 2003). Different nonabsorbable
suture materials and techniques are used for LP including 2
double-strand braided polyester sutures, single double-strand
polyester suture, single double-strand nylon suture (Hawkins
et al. 1997) or 2 stainless steel wires (Dixon et al. 2003). The use
of 2 sutures is common (Fulton et al. 2012). The combination of
a nonabsorbable elastic polyurethane (Lycra) and braided
inelastic polyester has been described (Dietz et al. 2006). The
prostheses are placed into the cricoid cartilage and the
muscular process of the arytenoid cartilage, and care must be
taken not to penetrate the laryngeal mucosa. A novel
laryngoplasty system consisting of metallic implants (anchor
and button) and suture material was evaluated ex vivo by
Robertz et al. (2009) and Ahern et al. (2012).

Complications after prosthetic LP can be short- and
long-term and are documented in 7–43% of the cases (Dixon
et al. 2003). They include coughing, aspiration of food or dirt
particles resulting in tracheitis or aspiration pneumonia,
incisional infection or dehiscence, seroma formation, arytenoid
chondritis, infection of the prostheses, failure of the prosthesis
implant, and failure to maintain abduction (Fulton et al. 2012).
Formation of chronic external sinus tracts caused by an
infection of the prosthesis has been documented (Raker 1975).

Of these complications, coughing occurred at some stage
post operatively in 43% of the horses treated with LP. Coughing
was predominantly associated with eating (24%), but in 19% no
signs of dysphagia were noticed. Coughing is often seen
immediately following surgery; however, only 5–10% (Lane
1993) or 14% (Dixon et al. 2003) will remain chronic coughers.
Some authors consider chronic coughing to be an indicator of
some degree of tracheal aspiration of food or water that can
lead to development of aspiration pneumonia or chronic
tracheitis (Brown 2009). Dixon et al. (2003) suggested that
chronic coughing appeared to be due to intercurrent
pulmonary disease in half of the horses. The occurrence of
infection at the surgical site has been reported to be lower
than 10% (Parente 2011).

The following short communication describes diagnosis
and treatment of 2 Warmblood horses with coughing and
laryngeal fistula formation after LP.

Case reports

Histories

Case 1
An 8-year-old 720 kg Oldenburger Warmblood mare was
presented to the Equine Clinic of the University of Veterinary
Medicine, Hannover, for evaluation of bilateral intermittent
nasal discharge for several years. A prosthetic LP had been
performed at least 3 years previously to treat left laryngeal
hemiplegia. In addition, the horse coughed and smelled
putrefacient from both nostrils. The horse’s owner reported that
the mare, trained for advanced level dressage competitions,
did not perform well when ridden. Occasional headshaking
was shown. No previous examinations were performed.

Case 2
An 11-year-old 690 kg Trakehner Warmblood mare was
presented to the Equine Clinic for evaluation of intermittent
coughing and purulent external fistula formation at the site
of a previously performed LP. A prosthetic LP had been
performed 6 months previously to treat left laryngeal
hemiplegia. The horse subsequently developed signs of
infection at the surgical site and eventually a fistula remained.
Three months after LP, an attempt was made to remove the LP
implant but this was unsuccessful. The surgical site failed to
heal despite antimicrobial therapy and a fistula tract from the
skin to the site of the LP implant remained and continuously
produced purulent discharge.

Clinical examinations
Both mares were bright, alert and responsive and had a body
condition score of 6/9 (Henneke et al. 1983). The initial physical
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examination was unremarkable. On thoracic auscultation, no
abnormalities were detected. Routine haematology was
within normal limits.

External assessment of the head showed normal symmetry
of the face. Airflow was subjectively assessed as being equal
from both nostrils, and there was no nasal discharge or
coughing at the time of examination.

An endoscopic examination of the upper and lower
portions of the respiratory tract was performed in both horses.

An unpleasant odour from the nostrils was noticed in
the first mare. Endoscopically the laryngeal area had a
mucopurulent coating and was mildly swollen. Arytenoid
abduction was moderate (Case 1, Fig 1a) and the corniculate
process appeared to be stable. Two different types of suture
material protruded into the tracheal lumen from a site slightly
left paramedian and dorsal at approximately the level of
the cricoid cartilage (Fig 1b). This horse had excessive tracheal
mucous containing a high number of neutrophilic
granulocytes, bacteria and fungal hyphae. The carina of the
trachea was slightly thickened.

Lateral radiography of the laryngeal region was performed
in Case 1 (Fig 2), and the region around the dorsal aspect
of the larynx and the first tracheal ring had an irregular
radiopaque appearance consistent with the presence of
dense granulation tissue, foreign material and/or
calcifications.

The second mare had an external fistula opening at the
skin incision site of the previous LP and surrounding diffuse
soft tissue swelling. The mare resented manipulation of this
area. Purulent drainage was present from the fistula, and
ultrasonographically the fistula tract could be followed
towards the region of the muscular process of the left
arytenoid cartilage.

Arytenoid abduction was minimal (Case 2, Fig 3a) and the
corniculate process appeared to be stable. The only
endoscopic abnormality in this horse was an intralaryngeal
protruding soft tissue mass slightly left paramedian and dorsal
at approximately the level of the cricoid cartilage. Small
amounts of mucopurulent discharge were noted in the centre
of this mass (Fig 3b).

a) c)

b) d)

Fig 1: Images of Case 1: a) Endoscopic photograph of asymmetrical larynx with moderate post surgical arytenoid abduction 3 years after
laryngoplasty. Note the ventriculectomy site with tissue scarring (black arrow). In the depth (intralaryngeal) a foreign body is suspected
(white arrow). b) Intraluminal protruding suture material is visible directly behind the larynx in a left dorsal position. c) Transection of the
suture material loop with a bronchoscopic scissors while traction was applied to the suture material using a forceps. d) Two different types
of suture material could be completely removed.
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Treatment
In both horses, resolution of clinical signs was deemed unlikely
without removal of the LP implants. Both horses were
administered flunixin meglumine (Flunidol)1 (1.1 mg/kg bwt i.v.)
prior to sedation or general anaesthesia, Case 2
was also treated with trimethoprim-sulfadimethoxine
(Sulfadimethoxin+Trimethoprim 50%)2 (20 mg/kg bwt per os).

Case 1 was restrained in stocks and sedated with
detomidine HCl (Cepesedan)1 (0.02 mg/kg bwt i.v.) and
butorphanol tartrate (Alvegesic)1 (0.02 mg/kg bwt i.v.). Topical
lidocaine was applied to the mucous membrane of the larynx
and trachea through a catheter inserted via the biopsy
channel of the endoscope. A 60 cm long flexible grasping
forceps3 passed through the nostril not occupied by the
endoscope was used to grasp the suture material.
Bronchoscopic scissors were inserted through the working
channel of the endoscope for transection of the suture
material loop while traction was applied to the suture material
using the forceps under endoscopical guidance (Fig 1c). Both
sutures could be completely removed (Fig 1d).

In Case 2, surgery was performed under general
anaesthesia in right lateral recumbency. A flexible probe was
inserted into the draining tract and a skin incision through the
fistula opening and parallel and ventral to the left linguofacial
vein was made. A combination of blunt and sharp dissection
was used to dissect the tissue along the line of the incision
below the linguofacial vein and directly towards the lateral
aspect of the larynx, following the fistula tract. Dense fibrous
tissue was encountered and in the course of dissection the
linguofacial vein was perforated. A simple continuous suture
line using 1 USP polyglactin 910 (Vicryl)4 was used to close the
defect in the linguofacial vein and to incorporate parts of
the dense surrounding fibrous tissue. Dissection was then
continued until parts of the LP implant could be grasped
with Kelly forceps. The implant consisted of a polyfilament
nonabsorbable suture strand that was surrounded by an
elastic nonabsorbable suture material. The polyfilament suture
strand formed an intact loop that was transected to allow

removal. The elastic material had deteriorated into several
friable pieces and an attempt was made to remove all pieces
of this material (Fig 3c). The draining tract was subsequently
lavaged with sterile saline and the skin was partially closed
using 1 USP polyglactin 910 (Vicryl)4 in an interrupted pattern.

Post operative care and outcome
Anti-inflammatory medication (flunixin meglumine, Flunidol1,
1.1 mg/kg bwt per os q. 24 h) was administered to both horses
post operatively for 3 days. Case 2 was also treated with
trimethoprim-sulfadimethoxine (20 mg/kg bwt per os q. 12 h)
for 14 days. Four days following surgery, transnasal endoscopic
examination was performed again. In both horses the area of
the laryngeal fistula appeared less swollen and was dry
(Fig 3d). Horses were confined to a stall for 5 days before
returning to normal exercise. The surgical site in Case 2 was
cleaned twice daily. Some degree of purulent discharge
remained for 4 weeks. Four weeks after surgery the external
fistula tract was closed, the surrounding area was not swollen,
and the horse did not resent palpation of this region. On
follow-up by telephone call 6 months later, the owner reported
no more problems associated with the previous fistula.

Discussion
A detailed medical history is important when evaluating horses
with a history of cough and/or foul odour from the nostrils. The
owner of Case 1 of this report did not make a connection
between the performed LP and the presenting clinical signs,
but complained of limited improvement in performance in the
mare after LP. In the 3 years since LP an endoscopic
re-examination had never been considered for evaluation of
the larynx for failure of the prosthesis or other upper respiratory
problems contributing to the exercise intolerance in the mare.

Laryngoplasty is a procedure with a relatively high
complication rate (Robertson 1995). The most common post LP
complications are continuing exercise intolerance and/or
coughing. Most complications are associated with loosening
of the prosthesis leading to a loss of arytenoid abduction or a
complete LP failure (Davenport-Goodall and Parente 2003). If
the problems exist post operatively, transnasal endoscopy
should be performed to evaluate the position of arytenoid
cartilage. Other reasons for exercise intolerance and
coughing, such as dorsal displacement of the soft palate or
chronic obstructive pulmonary disease, must be ruled out
(Robertson 1995).

Coughing after LP is often associated with eating (Goulden
and Anderson 1982) and is the result of a certain degree
of dysphagia. In the 2 horses of this report, coughing was
independent of food or water intake. Both mares were
coughing while exercised, and this could have been
associated with irritation from the intraluminal prosthetic
suture (Case 1), mucosal inflammation (Cases 1 and 2) or
mucopurulent discharge into the larynx (Case 2).

Laryngoplasty is technically difficult and requires a surgeon
experienced with this procedure to achieve consistently good
results (Robertson 1995). In an earlier study on LP technique,
Speirs et al. (1983) suggested that the surgeon should assess
the thickness and pliability of the cricoid intraoperatively.
Definitively assessing this thickness intraoperatively is
impossible. There are notable conformational differences
among cricoid specimens on the 3D reconstructions in the
Thoroughbred larynx (Dahlberg et al. 2011). In that study the

Fig 2: Laterolateral radiograph of the head of Case 1; the area
around the dorsal aspect of the larynx and the first tracheal ring
has an irregular radiopaque appearance consistent with the
presence of dense granulation tissue, foreign material and/or
calcifications (arrows).
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mean thickness of the cricoid was 0.34 cm, ranging from 0.2
to 0.5 cm (Dahlberg et al. 2011). This could be a reason
for mucosal perforation during LP even by experienced
surgeons.

Before the use of intraoperative endoscopy, inadvertent
suture penetration of the lumen was not diagnosed until
post operatively (Adreani and Parente 2006). Intraoperative
transnasal videoendoscopy is essential to allow viewing of the
larynx by the surgeon to more precisely position the arytenoid,
but also to prevent or detect mucosal penetration (Hawkins
et al. 1997). Placement of the needle under the caudal border
of the cricoid cartilage is the most likely time when the
laryngeal lumen can be penetrated.

In one study of 198 horses in which intraoperative
(nasopharyngeal) endoscopic assessment was performed
and no case with penetration of (caudal) laryngeal mucosa
during surgery was noticed, one horse is described with an
infected LP wound and a sinus tract from the surgical site into
the nasopharynx. This tract was positioned dorsolateral to the
surgically abducted arytenoid and the authors suggest that

it may have been caused by penetration of the
nasopharyngeal mucosa while suturing the muscular process.
The prosthesis in this horse was not removed, and both
infection and fistula formation resolved after broad-spectrum
antibiotics were administered (Dixon et al. 2003).

Infection of the surgical site after a LP procedure and
possible formation of a fistula tract can arise from direct
external contamination or through exposure of the surgical site
to intralaryngeal bacteria after inadvertent penetration of the
laryngeal mucosa during surgery. A draining sinus into the
laryngeal lumen, granuloma formation, chronic infection of
the LP implant, and suture material protruding into the
laryngeal lumen have been associated with intraoperative
penetration of the laryngeal mucosa (Robertson 1995; Fulton
et al. 2012). Adreani and Parente (2006) suggested that this
complication may be more likely when using a braided and
multifilament suture because this suture is more prone to
harbouring infection. External fistula formation could also arise
from infection of the suture material, iatrogenic infection or by
wound contamination from external sources (Huskamp 1980;

a) c)

b) d)

Fig 3: Images of Case 2: a) Endoscopic photograph of asymmetrical larynx with minimal postsurgical arytenoid abduction 6 months after
laryngoplasty with suspected intralaryngeal granulation tissue. b) Intralaryngeal protruding soft tissue mass with purulent discharge in a left
dorsal position. c) Transected and removed suture material. The elastic material (orange) had deteriorated into several friable pieces.
d) Endoscopic control 4 days following surgery. The area of the laryngeal fistula appeared less swollen and dry.
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Robertson 1995). Nemeth (1987) described external fistula
formation after LP in 6 of 14 horses, 3 of themwith acute wound
infection.

In cases of infection after LP with or without fistula
formation the prosthesis should be left in place for as long as
possible to encourage fibrosis around the muscular process
and subsequent stable fixation of the arytenoid in an
abducted position. The use of broad spectrum antibiotics can
resolve the infection in some case. If infection does not resolve,
implant removal is indicated (Ohnesorge et al. 2002; Fulton
et al. 2012). The authors could find no information on the
influence of the type of suture material used on the
development of persistent infections and draining tracts. In
both horses in this report, a polyfilament nonabsorbable suture
material and an elastic suture material were used in
combination. While the polyfilament suture material remained
intact and was easily removed, the elastic suture material had
become brittle and friable, breaking into multiple pieces. This
made removal of the elastic suture implant difficult. It appears
that the use of such an elastic implant material increases the
risk of chronic infection due to an inflammatory tissue reaction.
Any infection necessitating implant removal in these cases
can be difficult to treat due to the inability to remove this
implant material completely. Based on these considerations
any nonabsorbable implant used for LP should resist
breakdown into multiple pieces, and therefore the elastic
material used in these horses (probably Lycra) cannot be
recommended.
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Extension of the scapulohumeral joint increases the likelihood of
success of centesis of the bursa of the biceps brachii
tendon of horses
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Summary
The accuracy of a technique for centesis of the bicipital bursa
using a 9 cm, spinal needle inserted through the tendon of the
biceps brachii muscle was evaluated. A veterinary radiologist
who had no previous experience of performing centesis of
the bicipital bursa and an equine clinician who had little
experience in performing the procedure, attempted to inject a
solution of aqueous radiopaque contrast medium into the
bicipital bursae of 8 horses using an approach in which
the bursa was accessed by directing a needle through the
tendon of origin of the biceps brachii muscle until cartilage
in the lateral portion of the intertubercular groove was
contacted. Centesis of the bicipital bursa using this approach
in horses having no signs of disease of the bursa was
consistently successful if the cubital joint was flexed and the
scapulohumoral joint extended.

Introduction
Lameness caused by disease associated with the bicipital
bursa in horses is uncommon (Adams and Blevins 1989; Hubert
and Stashak 2011). Clinical signs of bicipital bursitis may be
obvious and include signs of pain when the affected limb is
extended, reluctance to advance the limb, and pain when
pressure is applied to the biceps tendon (Wyn-Jones 1988;
Rooney 1998; Hubert and Stashak 2011). Signs may be less
obvious when disease of the bursa is chronic. Accessing the
bursa may be necessary to collect synovial fluid for
examination or to administer local anaesthetic solution to
confirm that the bursa is the site of pain causing lameness
(Wyn-Jones 1988; Rooney 1998; Hubert and Stashak 2011).
Centesis also may be required to administer an antimicrobial
drug for treatment of bursal infection or to administer
intrasynovial anti-inflammatory medication for treatment of
nonseptic bursal inflammation.

Centesis of the bicipital bursa can be performed by
inserting a spinal needle near the deltoid tuberosity and
advancing the needle proximomedially toward the bursa (i.e.
the ventral approach) (Adams and Blevins 1989; Grant 1996;
Schumacher et al. 2007; Bassage and Ross 2011; Baxter and
Stashak 2011; Moyer et al. 2011). For this technique a 9 cm
spinal needle is usually necessary. The bursa can also be
accessed by inserting a 3.8 cm hypodermic needle medial to,
or slightly ventral to, the palpable edge of the cranial
prominence of the greater tubercle of the humerus, in a plane
parallel to the bearing surface at about a 45° angle to the
longitudinal axis of the horse and advancing the needle until it
strikes cartilage of the intertubercular groove (i.e. the dorsal

approach) (Dyson 1986; Lewis 1996; Schumacher et al. 2007;
Moyer et al. 2011). The intent of each of these methods is to
access the bursa while avoiding needle placement through
the tendon of the biceps brachii tendon. Accuracy of each of
these approaches when attempted by clinicians who had not
previously attempted centesis of the bicipital bursa was poor.
Accuracy for the ventral approach was 28% and accuracy for
the dorsal approach was 39% (Schumacher et al. 2007).

Centesis of some synovial structures is accomplished by
advancing a needle through a tendon or ligament. The
navicular bursa can be accessed by placing a needle through
the deep digital flexor tendon (Verschooten et al. 1991;
Schramme et al. 2012), and the lateral compartment of the
femorotibial joint can be accessed by placing a needle
through the tendon of long digital extensor muscle (Wright
et al. 1995; Schumacher et al. 2012). Using dorsal approaches
the distal and proximal interphalangeal joints are often
accessed by placing a needle through the common digital
extensor tendon (Schumacher and Wilhite 2012), and the
lateral branch of the superficial flexor tendon is likely to be
penetrated when a needle is inserted into the proximal
interphalangeal joint using the palmarolateral approach
(Moyer and Carter 1996; Schumacher and Wilhite 2012). The
digital flexor tendon sheath is often accessed by placing a
needle through the palmar annular ligament of the fetlock,
and using this technique the flexor tendons are also likely to be
penetrated (Hassel et al. 2000). The metacarpophalangeal/
metatarsophalangeal joints can be accessed by using an
approach in which a needle penetrates the lateral or medial
collateral sesamoidian ligament (Misheff and Stover 1991). We
are not aware of complications associated with penetration of
ligaments or tendons by the needle during these techniques of
synoviocentesis. We reasoned that centesis of the bicipital
bursa by penetrating the tendon of the biceps brachii muscle
medial to the cranial prominence of the lateral tuberosity of
the humerus would be consistently accurate.

Materials and methods
Eight Thoroughbred or American Quarter Horses were used in
this study, which was approved by Auburn University’s
Institutional Animal Care and Use Committee. The horses had
a mean weight of 546 kg (464–611 kg) and a mean age of 18
years (12–25 years).

The authors, one a radiologist (R.C.), who had no previous
experience at centesis of the equine bicipital bursa or other
synoviocentesis procedures in the horse, and the other, an
equine clinician (J.S.) with moderate experience at centesis of
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the bicipital bursa each attempted to inject 8 bicipital bursae
with 20 ml of a radiopaque contrast medium (iopamidol;
Isovue 300)1. Horses were sedated with detomidine HCl
(0.01 mg/kg bwt i.v.). For the first 2 horses, centesis of the bursa
was attempted with the horse standing squarely on the limb
(Method A). For each of these 2 horses an 18 gauge, 3.8 cm
hypodermic needle was used for centesis of one bursa and an
18 gauge, 9 cm spinal needle was used for centesis of the
contralateral bursa; these needles were inserted into the
lateral portion of the intertubercular groove 1–2 cm medial to
the cranial part of the greater tubercle of the humerus until the
tip of the needle contacted cartilage. For 12 subsequent
attempts at centesis of the bicipital bursa using 6 different
horses (Method B), either a 9 cm spinal needle (11 shoulders) or
a 3.8 cm hypodermic needle (one shoulder) was inserted
similarly into lateral portion of the intertubercular groove, but
the radius was held in a plane parallel to the bearing surface
(or slightly lower; Fig 1). For one horse subjected to Method B,
a 20 gauge, 9 cm spinal needle was used to access each
bursa; for 4 other horses, an 18 gauge, 9 cm spinal needle was
used to access each bursa. For one horse subjected to
Method B, a 3.8 cm, 18 gauge hypodermic needle was used
to inject one bursa, and an 18 gauge, 9 cm spinal needle was
used for centesis of the other. If injecting the solution was
difficult the needle was withdrawn and repositioned. The
number of attempts to correctly position the needle was
recorded. During attempts at centesis of the bursa, the needle
hub was observed for the presence of synovial fluid, and an
attempt was made to aspirate the radiopaque contrast
medium after it was injected. Wemade no attempt to aspirate
synovial fluid before injecting the radiopaque contrast
medium. All shoulders were examined radiographically after
injection, using a mediolateral projection, with the horse
standing and its limb extended so that the radius was
horizontal to the bearing surface. Based on our previous
experience interpreting contrast radiographs of the bicipital
bursa (Schumacher et al. 2007) centesis was considered
successful if a cylinder-shaped area of radiopaque contrast
medium was seen immediately cranial to the cranial
prominence of the greater tubercle of the humerus and the

radiopaque contrast medium was seen pooled in 2 sac-like
structures several centimetres ventral to the cranial
prominence of the greater tubercle (Fig 2a); the injection was
judged to be outside the bursa if the contrast medium
followed the contour of the tendon at its cranial border
(Fig 2b).

To determine the extent of tendinous damage caused by
this pertendinous approach to the bicipital bursa, an 18 gauge
hypodermic needle was inserted through the lateral head of
each tendon of the biceps brachii muscle of 2 horses not part
of this study immediately after the horses were subjected to
euthanasia. The tendons were removed immediately from the
cadavers and examined grossly for damage caused by the
needle; 2 of these tendons were also examined histologically.
Cartilage covering the humeral tubercles was not examined
for needle damage.

Results
Using Method A, 2 injections were totally peribursal using the
3.8 cm hypodermic needle and, using the 9 cm spinal needle,
2 were partially bursal (contrast evident in both the bursa as
well as outside the bursa). Injections that were only partially
within the bursa were considered to be unsuccessful. When
using Method B, all 12 bicipital bursae were successfully
injected. With this method, resistance was felt as the needle
was advanced through tendon and then, as the bursa was
entered, sudden lack of resistance was appreciated. Inability
to easily inject radiopaque contrast solution was interpreted as
the needle tip being within tendon, prompting the operator to
redirect the needle by retracting the needle tip to a
subcutaneous position and then advancing the needle in a
slightly different plane. Using Method A, the needle was
redirected 2–3 times for each bursa before injecting. When
using Method B, the needle was redirected once before
injecting 3 bursae; no redirections were required to inject the
other 9 bursae. There was difficulty advancing the 20 gauge
spinal needle through the bicipital tendon without bending
the needle; the 18 gauge spinal needle was easier to
advance. For Method B centesis of the one bursa accessed

Fig 1: To enter the bicipital bursa, a needle was inserted into the lateral portion of the intertuberal groove 1–2 cm medial to the cranial part
of the greater tubercle of the humerus until the needle tip contacted cartilage limb. Centesis of the bursa can be performed with the limb
bearing weight, but holding the radius in a plane parallel (or slightly lower) to the bearing surface increased the likelihood of successful
centesis.
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using a 3.8 cm hypodermic needle was successful after one
redirection.

For these procedures, sedation provided sufficient restraint
and application of a twitch was not necessary. Because horses
were sedated, attempts at centesis of the bicipital bursae
required only 2 operators.

Both the medial and lateral portions of the intertuberal
groove were clearly visible on the contrast radiographs of the
bicipital bursa (Fig 2a). Both bicipital bursae of one horse
appeared to communicate directly with the scapulohumoral
joint (Fig 3).

Using either method a problem encountered during
injection of some bursae was an inability to inject the solution,
presumably because the tip of the needle was embedded
within the bicipital tendon. When injection was difficult, the
needle was re-inserted until the solution could be injected
easily. Synovial fluid did not appear in the hub of any needle,
but for all bursae injected usingMethod B radiopaque contrast
medium was easily aspirated after injection.

Other than plaques of haemorrhage on the cranial surface
of each tendon, evidence of needle-induced damage could
not be found during gross examination of the 4 tendons
dissected from 2 horses after the horses were subjected to
euthanasia. The site of needle entry and exit could not be
found during gross examination of 3 tendons; the probable site
of needle exit was found on one tendon. A needle tract could
not be found in the 2 tendons examined histologically.
Cartilage covering the humeral tubercles was not examined
for damage caused by the needle.

Discussion
An approach similar to Method A was suggested by
Wyn-Jones (1988) who advised that for centesis, the bursa be
accessed by inserting a 6.4–8.9 cm needle at the point of the
shoulder and directing to the needle toward the intertuberal
groove. He advised, however, that the shoulder be flexed to
tense the bursa to make penetration easier. This method may
be suitable for aspiration of a swollen, fluid-filled bursa, but we
found injecting fluid into the bursa of horses without disease of
the bursa to be difficult, unless the cubital joint was flexed and
the scapulohumeral joint was extended.

Although a 3.8 cm hypodermic needle is likely to be too
short to enter the bicipital bursa where the bicipital tendon is
thickest, we believe that we were able to access the bursa
usingMethod B with a 3.8 cm needle because the needle was
likely to be directed through a thin portion of the tendon,
toward the periphery of the groove (Fig 4). We selected a
9 cm spinal needle to perform centesis of the bicipital bursa

a)

b)

Fig 2: In all contrast radiographic images, radiopaque contrast
medium outlined the bicipital tendon; contrast medium was
judged to be within the bursa if the medium was adjacent to the
caudal border of the biceps tendon, (a). Radiopaque contrast
medium seen pooled in 2 sac-like structures several centimetres
ventral to the cranial prominence of the lateral tubercle was
additional evidence of accurate synoviocentesis (a). Both the
medial and lateral portions of the intertuberal groove were clearly
visible on the contrast radiographs of the bicipital bursa when
synoviocentesis was accurate (a); the injection was judged to be
outside the bursa if the medium was adjacent to the contour of the
tendon on its cranial border (b).

Fig 3: Finding radiopaque contrast medium in a bicipital bursa and
scapulohumeral joint (arrows) of 2 horses indicated that the bursa
and joint of these 2 horses communicated directly. The contrast
medium can be seen in the caudal aspect of the scapulohumeral
joint (double arrow) as well as in the bicipital bursa (single arrow).
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not only for the needle’s length but also because its short bevel
made it more likely to have its orifice entirely within the synovial
space than would a standard, hypodermic needle with its
longer bevel. Additionally, spinal needles are particularly
flexible making them more likely to bend than break (Moyer
et al. 2011), which makes them safer to use if there is the
possibility of limb movement when the difference in range of
movement between skin and deeper tissues is great. Sedating
horses in this study was sufficient to prevent limb movement.
When a centesis of a bicipital bursa is performed as part of
lameness evaluation, sedation may not be desirable and, if so,
subcutaneous administration of local anaesthetic solution at
the injection site and application of a lip twitch may prevent
movement.

Unless the horse can be restrained by sedation, an obvious
disadvantage to performing centesis of a bicipital bursa
with the scapulohumeral joint extended is that unless an
assistant can hold a twitch and lead shank as well as the
limb, an extra assistant is necessary to perform the procedure.
The advantage of the procedure performed with the
scapulohumeral joint extended while the cuboidal joint is
flexed is the technique’s accuracy.

Because previously reported techniques of centesis of the
bicipital bursa are prone to failure, radiographic examination
of the site of centesis after adding radiocontrast medium to
the drug administered may be prudent when using these
techniques (Schumacher et al. 2007). Based on results of this
study and a previous study (Schumacher et al. 2007) we
believe that the ability to inject and then aspirate the drug
easily is a good indication that centesis was accurate. We
found that when injection was difficult, a peribursal injection

was likely to be observed during examination of contrast
radiographs. By extending the scapulohumeral joint and
flexing the cubital joint, we assumed that tension on the
tendon of the biceps brachii muscle would be decreased
thereby enlarging the space between the tendon and the
humerus making needle penetration of a normal,
nondistended bursa possible, and injection easier by
decreasing pressure within the bursa (Fig 5). In this study the
needle was advanced until the tip of needle contacted
cartilage. Cartilage is often contacted when performing
centesis of any synovial structure. To our knowledge, the
incidence of needle-induced injury to equine or human
cartilage and the consequence of this injury have not been
reported. In this study we were often able to appreciate a
sudden lack of resistance during advancement of the needle,
presumably indicating entrance of the tip of the needle into
the bursa. Cartilaginous injury might be avoided if injection is
initiated as soon as this lack of resistance is detected during
advancement of the needle rather than advancing the
needle until cartilage is contacted.

We found that for one horse, both bicipital bursae
communicated with the scapulohumeral joint (Fig 3).
Occasional direct communication between these 2 synovial
structures was noted by Sisson and Grossman (1953) and by
Dyson (1986), but to the authors’ knowledge the frequency of
this communication, direct or indirect, has not been
examined. In an arthroscopic study of the scapulohumeral
joint of 36 horses communication of this joint with the bicipital
bursa was not mentioned (Nixon and Spencer 1990).

Fig 4: A cross-section of a cadaver limb shows that centesis of the
bicipital bursa might be accessed by using a 3.8 cm needle if
the needle is directed through a thin portion of the tendon, at the
periphery of the groove.

Fig 5: By extending the scapulohumeral joint and flexing the
cubital joint, tension on the tendon of the biceps brachii muscle
is decreased, thereby enlarging the space between the tendon
and the humerus to making needle penetration of a normal,
nondistended bursa possible and injection easier. This figure shows
the collapse of the bursa when the limb bears weight. By flexing the
elbow and extending the shoulder, the pressure on the bicipital
bursa is decreased.
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Review Article

A review of equine laryngoplasty complications
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Summary
Prosthetic laryngoplasty is a common treatment for equine
recurrent laryngeal neuropathy (RLN). Complications of this
surgery include immediate post operative problems, such as
dysphagia, seroma formation, wound infection and sudden
loss of arytenoid abduction. Longer term complications
include gradual loss of arytenoid abduction, chronic
coughing, arytenoid granulomas and dynamic upper airway
collapse unrelated to RLN such as palatal dysfunction, and
aryepiglottic fold or vocal fold collapse. However, the benefit
of this procedure greatly outweighs these potential post
operative complications, especially if appropriate surgical
and post operative management practices are employed.

Introduction
Prosthetic laryngoplasty (LP) was first documented in horses by
Marks et al. (1970) and has since become one of the most
common treatments for recurrent laryngeal neuropathy (RLN).
Despite the widespread use of LP, its complications have been
poorly documented until recently. Complications of LP can be
very significant and have been reported as a reason why 6% of
treated racehorses fail to return to racing (Strand et al. 2000),
to result in shortened racing careers, compared to LP treated
horses that did not develop complications (Mason et al. 2013)
and to frequently result in long-term intercurrent upper airway
disorders (Barnett et al. 2013a). This review documents the
complications associated with the LP procedure, subdivided
into intraoperative, immediately post operative and longer
term complications.

Intraoperative complications

General anaesthesia
Complications associated with general anaesthesia usually
required for LP should be considered, especially with the larger
horse breeds that most commonly develop RLN, although LP
can be successfully performed in standing draught horses (N.
Ducharme personal communication 2013). Kraus et al. (2003)
reported that 4% of draught horses had prolonged
anaesthetic recovery, with 7% suffering myopathy or
neuropathy, following LP with ventriculectomy (VE) or
ventriculocordectomy (VCE). Dixon et al. (2003a) reported
anaesthesia related mortality of 1% in LP cases.

Haemorrhage
Intraoperative surgical haemorrhage reduces visualisation,
increasing the difficulty of surgery, and can later predispose to
incisional complications (Ahern and Parente 2008). The
linguofacial vein or one of its branches may be damaged,
especially if the surgical wound has to be extended during

surgery. The cranial thyroid artery and extensive adjacent
venous plexus may be inadvertently punctured when
dissecting the caudal aspect of the cricoid, or when inserting
a needle through the cartilage (Dixon 2009), although
tightening the LP suture usually minimises this haemorrhage
(Ahern and Parente 2008). The dorsal boundary between the
cricopharyngeus and thyropharyngeusmuscles often contains
a moderate-sized artery that can be damaged during
separation of thesemuscles. Occasionally, horses that have no
significant, or fully controlled intraoperative haemorrhage, will
develop gross swelling of the LP site post operatively,
presumably due to extensive head and neck stretching during
an anaesthetic recovery, resulting in haemorrhage.
Perilaryngeal swelling caused by a haematoma will develop
within hours of anaesthetic recovery, unlike perilaryngeal
swellings caused by a seroma or infection, which usually take
several days to develop.

It is advisable to delay draining LP haematomas until
24–48 h post operatively, to reduce the likelihood of
immediate haemorrhage recurrence. The rostral aspect of the
LP wound should be opened and the haematoma gently
removed using a blunt curette before lavaging the wound
with sterile saline (Fig 1). It is prudent to insert a Penrose drain
into these wounds and despite the risk of ascending infections;
such wounds invariably heal without complication.

Needle breakage
Needle breakage during LP is most likely to occur when
penetrating the muscular process of the arytenoid. This risk can
be reduced by not attempting to change the direction of the
needle once the muscular process has been penetrated.
Having an adequate incision length and good retraction
provided by assistants is also of value in this respect (Ahern and
Parente 2008). If possible a broken needle should be retrieved;
however, excessive dissection should be avoided, as this may
predispose to post operative dysphagia and provided the
needle fragment does not penetrate the laryngeal lumen, it
may be left in situ (Fulton et al. 2012).

Laryngeal and nasopharyngeal penetration
Penetration of the dorsocaudal aspect of the laryngeal lumen
can occur during suture placement through the cricoid
cartilage and this can later cause LP wound infection, with
sequelae, including chronic incisional wound drainage and
coughing, as described in the article by Bienert-Zeit et al.
(2014). Laryngeal penetration can be prevented by using a
long towel clamp on the caudolateral aspect of the cricoid
cartilage to rotate its dorsal aspect dorsorostrally, in addition to
rotating it laterally, when the needle is being passed through
the cricoid. The use of a Deschamps ligature needle with a
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fixed handle allows additional control over needle insertion.
Using this technique, no cases of laryngeal penetration were
reported by Dixon et al. (2003a) in 200 LP surgeries. Another
technique that may help prevent mucosal penetration is to
use an index finger to depress the soft tissues caudal to the
cricoid cartilage before slipping the tip of the needle under
the caudal edge of the cricoid, before rotating it to engage
and penetrate the cartilage. Before the needle is completely
inserted through the cricoid cartilage and overlying
cricoarytenoideus dorsalis muscle, the larynx should be
examined endoscopically to ensure that mucosal penetration
has not occurred. If inadvertent mucosal penetration is
detected, the suture should be transected at the caudal
aspect of the cricoid cartilage, to limit the length of suture
material being pulled through the airway and the laryngeal
tissues during its removal (Ahern and Parente 2008). The
surgical site should be thoroughly lavaged and the prosthesis
replaced.

Wound infection is less commonly caused by penetration
of the nasopharyngeal mucosa (just rostral to the arytenoid
muscular process) with Dixon et al. (2003a) describing a
case with a fistula extending from an infected LP incision to
the nasopharynx. Rarely, a granuloma (likely due to

nasopharyngeal penetration) may develop weeks post
operatively, just lateral to the left arytenoid.

Post operative complications

Post operative airway obstruction
Immediate post operative upper airway obstruction is
extremely rare following LP, due to the enhanced airway size
following LP, with Hawkins et al. (1997) reporting such post
operative airway obstruction in just 0.4% cases.

Seroma formation
Due to the presence of multiple surrounding vital structures, the
extensive dead space in a LP wound cannot be surgically
closed and some degree of LP wound seroma formation
always occurs post operatively (Dixon 2009). However, it is
unclear why a proportion of cases develop a very extensive
seroma (Fig 2) following uneventful surgery. This may be due to
unrecognised damage to local lymphatic drainage during the
LP surgery. Clinical LP wound seromas were reported in 7% of
cases by Hawkins et al. (1997). The vertical ramus of the
mandible is a useful clinical guide, becoming less distinct as
perilaryngeal swelling develops (Ahern and Parente 2008).
Even if perilaryngeal swelling is absent, cases that require
repeat surgery in the week or so following LP will invariably be
found to have extensive seroma formation. If there is concern
that wound infection rather than seroma formation is present,
aseptic aspiration of the LP wound (usually from below
the linguofacial vein) and cytological/bacteriological
examination of the aspirated fluid can be performed.

If marked seroma formation occurs, endoscopy may
reveal collapse of the pharyngeal vault (Fulton et al. 2012)
and, occasionally, a large seroma may also compress the
oesophagus and cause dysphagia, that may respond to
seroma drainage (Dixon et al. 2003a). In general, LP seroma
drainage is unnecessary, unless very extensive. If the patient is
bright and pain free, post operative anti-inflammatory and
antimicrobial medication should suffice. If a very large seroma
develops, drainage can be achieved by needle aspiration,

a)

b)

Fig 1: a) This horse had a large haematoma in a laryngoplasty
wound removed by gentle curettage through the rostral aspect of
the opened incision. b) The wound was lavaged with sterile saline
following removal of as much haematoma as possible.

Fig 2: This horse gradually developed a painless swelling of the
laryngoplasty site over a few days following laryngoplasty (and
surgical vocal cordectomy) due to seroma formation. It was
otherwise asymptomatic and the seroma did not need to be
drained.
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with 200–300 ml fluid commonly removed (Fig 3). If the seroma
quickly redevelops following needle drainage, or in cases
where spontaneous fluid leakage from the wound occurs, the
rostral aspect of the incision should be opened, the wound
gently curetted to remove any fibrin deposits present and a
Penrose drain inserted. Additionally, placement of Penrose
drains should be considered in the LP wounds of all horses
undergoing LP revision surgery, due to their propensity for
seroma formation (Dixon et al. 2003a).

Wound inflammation and infection
Speirs et al. (1983) reported slight wound swelling in 30% of LP
cases and Dixon et al. (2003a) recorded excessive swelling of,
or discharge from, the LP incision in 17% of horses. Deep wound
infection, with dehiscence (Fig 4) is much less common, being
recorded in 2–3% cases in multiple studies (Speirs et al. 1983;
Hawkins et al. 1997; Kidd and Slone 2002; Dixon et al. 2003a).
As noted earlier, prosthesis penetration through the laryngeal
mucosa (Fig 5) or through the nasopharyngeal mucosa (Fig 6)
can lead to laryngoplasty wound infection. The presence of
an adjacent, infected laryngotomy wound (from concurrent

VE or VCE) significantly increases the risk of LP incisional
complications (Dixon et al. 2003a).

Laryngoplasty wound infections do not necessarily require
prosthesis removal (Hawkins et al. 1997; Strand et al. 2000),
especially when monofilament prostheses are used (Dixon
et al. (2003a). Endoscopy should be performed to identify
possible prosthesis penetration of the dorsal laryngeal mucosa
(Bienert-Zeit et al. 2014) and a prosthesis should always be
removed if penetration has occurred. Concurrent secondary
arytenoid chondritis is a rare cause of LP wound infection

Fig 3: A laryngoplasty seroma is being drained from a site dorsal to
the linguofacial vein in this horse. In some cases, such needle
drainage on one or 2 occasions is sufficient to resolve a seroma.

Fig 4: Endoscopy of the larynx some months following
laryngoplasty and left vocal cordectomy showing a sinus tract at
the site of prosthesis penetration through the caudodorsal
laryngeal mucosa.

Fig 5: A granuloma on the nasopharyngeal wall caudal to the
abducted arytenoid some weeks following left-sided laryngoplasty
which was removed using a wire snare inserted through a
transendoscopic catheter.

Fig 6: Within one week of surgery, the laryngoplasty wound in this
horse developed a purulent discharge and began to dehisce due
to deep wound infection.
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(Ahern and Parente 2008) and should be treated by long-term
antibiotic therapy or arytenoid resection, depending on
endoscopic and ultrasonographic arytenoid findings.

To treat deeper LP wound infections, the rostral aspect of
the incision should be opened, any detectable subcutaneous
sutures removed, followed by wound lavage and broad
spectrum antimicrobial therapy (Hawkins et al. 1997; Dixon
et al. 2003a). Nonresponsive cases require removal of braided
prostheses (Fig 7), but Fulton et al. (2012) recommend that
prosthesis removal be delayed for about 4 months to allow
periprosthesis fibrosis to develop, as earlier removal may result
in complete loss of arytenoid abduction. It may then be
impossible to obtain effective arytenoid abduction in the
presence of significant perilaryngeal fibrosis (Fig 8).
Additionally, the above conservative therapy may resolve the
wound infection within this 4 month period.

Loss of arytenoid abduction

Sudden major loss of abduction
Marked or complete loss of LP abduction occurs in 3–11%
cases, usually in the first week following surgery (Hawkins et al.
1997; Strand et al. 2000; Davenport et al. 2001; Kidd and Slone
2002). Dixon et al. (2003a) reported that 5% of 200 patients
required a repeat surgery within 2 weeks of LP, due to
excessive loss of abduction caused by suture migration in the
thinner cricoid cartilage. In that case series, just one case had
avulsion of the muscular process, likely due to galloping
exercise 5 days following surgery. However, other authors have
found that LP failures are mainly due to fracture of, or
pull-through at the muscular process (Adreani and Parente
2007) as confirmed by Dean et al. (1990) with in vitro studies.

Histology of one muscular process following complete
prosthesis pull-through showed cartilage necrosis and
granulation tissue formation with small numbers of bacteria,
suggesting that infection of this site may predispose to suture
pull-through in some clinical cases (Hardcastle et al. 2012).
Prosthesis breakage is a less common cause of loss of LP
abduction and occurred in 1.5% cases in one study using
stainless steel prostheses where it could be readily diagnosed
radiographically (Dixon et al. 2003a). In horses with fracture of
the muscular process, it is sometimes possible to insert the
prosthesis in the dorsal border of the body of the arytenoid,
1–2 cm rostral to the muscular process. It is not possible to get
good abduction using this site, but in many cases the
arytenoid can be stabilised and along with a concurrent VCE,
a good clinical outcome is possible.

Gradual loss of abduction
Using a semi-quantitative 5 grade system for endoscopically
grading LP abduction (Table 1; Fig 9) Dixon et al. (2003a)
showed that during the first 6 weeks following LP, nearly all

a)

b)

Fig 7: a) This horse had a sinus tract in its laryngoplasty wound for
more than a year following surgery that did not respond to
repeated courses of antibiotics. b) Subsequently, 2 noncoated,
braided prostheses and a surrounding infected granuloma were
surgically removed.

Fig 8: Following wound dehiscence and later removal of a
noncoated braided prosthesis, the laryngoplasty wound had
almost healed by secondary intention. The dorsolateral left aspect
of the larynx was covered by dense scar tissue and further
attempts at laryngoplasty were unsuccessful. A localised phlebitis
was also resolving.

TABLE 1: Endoscopic grading of surgical laryngeal abduction
(Dixon et al. 2003a)

Grade 1: Excessive abduction, i.e. the affected arytenoid is close
to or at maximal abduction (medial aspect of arytenoid at
circa 80–90° to sagittal plane), or sometimes even
hyperabducted when the apex of the affected corniculate
process appears to be displaced beyond the midline, to the
normal side of the larynx.

Grade 2: A high degree of arytenoid abduction (arytenoid at
circa 50–80° to sagittal plane), i.e. less than complete
abduction.

Grade 3: A moderate degree of arytenoid abduction, i.e.
arytenoid at circa 45° to the sagittal plane.

Grade 4: A slight degree of arytenoid abduction, i.e. arytenoid is
slightly more abducted than the normal resting position.

Grade 5: No detectable arytenoid abduction present.
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cases lose 1–2 grades of arytenoid abduction; from a median
of grade 2 abduction 24 h post LP to grade 3 abduction at 6
weeks post LP. A recent study of 68 National Hunt
Thoroughbreds also found median grade 2 abduction at Day
1 and grade 3 abduction at 6 weeks post LP (Barakzai et al.
2009). Barnett et al. (2013a) reported that further arytenoid
abduction loss is rare after 6 weeks post surgery and
concluded that endoscopic findings at 6 weeks post LP
provide a good indication of long-term arytenoid abduction.

The reason for the gradual loss of LP abduction in most
horses has caused much debate. It was suggested that the
softer cartilage in younger horses may predispose to prosthesis
pull-through (Bathe 1993), but no relationship was found
between age and subsequent loss of abduction in 2 large
subsequent studies (Dean et al. 1990; Dixon et al. 2003a).
Additionally, no differences were observed in the degree of
abduction retained between different breeds or work groups
(Dixon et al. 2003a). It has been proposed that residual
laryngeal adductor function in horses with less severe degrees
of RLN may contribute to loss of post operative abduction due
to cyclical loading. However, horses with complete abductor
(and therefore complete adductor) paralysis, also develop
post LP loss of abduction and Dixon et al. (2003a) found no
association between the preoperative degree of laryngeal
paralysis and degree of LP abduction present 6 weeks post
operatively. It has also been reported that surgical transection
of the recurrent laryngeal nerve in horses undergoing LP did
not improve post operative racing performance in horses with
RLN (Davenport et al. 2001) and blockade of the recurrent
laryngeal nerve did not change the force exerted on LP
prostheses during swallowing or coughing (Witte et al. 2010). In
conclusion, there is no evidence that residual laryngeal
adductor function influences the long-term degree of LP
abduction.

Dixon et al. (2003a) proposed that contraction of the
caudal pharyngeal sphincter muscles during swallowing
causes marked medioventral pressure on the abducted
arytenoid and this repetitive pressure is a major contributor to
LP abduction loss. Witte et al. (2010) have since demonstrated

that the force exerted on the LP prosthesis during swallowing
was significantly greater than that exerted during coughing
and suggested that normal swallowing causes LP abduction
loss. Irrespective of cause, it should be accepted that some
post operative loss of LP abduction is inevitable in most horses.

Strategies to deal with this abduction loss include initially
achieving a higher grade of LP than is deemed necessary in
the long term, for example achieving grade 1 abduction in
racehorses and grade 2 abduction in pleasure horses to
compensate for the likely ensuing LP loss, bearing in mind the
increased likelihood of causing dysphagia with these high
levels of abduction. Essentially, the optimal degree of
laryngoplasty abduction is a compromise between improving
upper airway function and avoiding post operative
dysphagia.

Preventing loss of LP abduction
Placement of the prosthesis deeper into the muscular process
can prevent pull-through, but at this deeper site it can be
difficult to get enough leverage on the cricoarytenoid joint to
fully abduct the arytenoid. Stabilising the cricoarytenoid joint
at the time of LP by injecting polymethylmethacrylate into the
joint (Cheetham et al. 2008) or by mechanically burring its
cartilages to promote ankylosis (Parente et al. 2011; Aceto
and Parente 2012) should also be of value. However, if loss of
abduction occurs before the joint ankyloses, further arytenoid
abduction may be impossible. Nevertheless, it should be
remembered that, even in racehorses, exercise performance
following LP is not correlated with the degree of LP abduction,
with some horses running very successfully with lower grades of
LP abduction (Barakzai et al. 2009).

Dysphagia and coughing
Coughing commonly occurs in the immediate post operative
period and is usually associated with high levels of arytenoid
abduction with concurrent aspiration of food and/or saliva
(Figs 10 and 11) (Russell and Slone 1994; Dixon et al. 2003a).
Speirs et al. (1983) reported coughing during eating for up to a

Grade 1 Grade 2 Grade 3

Grade 4 Grade 5

Fig 9: Five grade semi-quantitative laryngoplasty grading system adapted from Dixon et al. (2003a).
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few weeks post operatively in 40% of horses; Dixon et al.
(2003a) found coughing at some stage post operatively in 43%
of cases, whilst Hawkins et al. (1997) reported coughing in 22%
of cases during post operative hospitalisation. The presence
and frequency of coughing generally subsides 7–10 days post
operatively, but long-term coughing during eating persists in a
proportion of cases (Fulton et al. 2012). Hawkins et al. (1997)
reported dysphagia during hospitalisation in 1.3% cases, which
resolved following prosthesis removal. In another study, 4% of
horses (all with maximally abducted arytenoids) had their
prostheses loosened due to marked dysphagia at 3–10 days
post LP (Dixon et al. 2003a). However, delaying prosthesis
loosening for at least 7 days is worthwhile, as many cases will
spontaneously lose some LP abduction during this period
(Fig 12).

Inexplicably, some horses with lower degrees of LP
abduction have severe dysphagia and coughing. It has been
proposed that excessive retraction of the cricopharyngeus
and thyropharyngeus muscles during surgery affects
oesophageal sphincter function, thus causing post operative
dysphagia (Greet et al. 1979; Fulton et al. 2012) and post
operative dysphagia in these particular cases will not respond
to prosthesis loosening/removal. One referred case of severe

post operative dysphagia that did not respond to prosthesis
removal was found to be caused by complete atony of the
rostral 5 cm of the oesophagus, thought to be caused by
surgical trauma (authors’ personal observations). The irritation
from prostheses protruding into the larynx as described by
Bienert-Zeit et al. (2014) in this issue can also cause chronic
coughing in horses following laryngoplasty. In one report, LP
cases with significant aspiration were administered
metronidazole, in addition to routine post operative penicillin
and aminoglycoside medication and bacterial pneumonia
developed in just 0.5% of cases (Dixon et al. 2003a). However,
Hawkins et al. (1997) reported pulmonary infections in 3% of LP
cases following hospital discharge.

Coughing without the presence of dysphagia can also
occur in the immediate post LP period, but coughing can also
occur following other types of laryngeal surgery where it may
be secondary to airway inflammation caused by

a)

b)

Fig 10: a) This horse has an excessively abducted left-sided
laryngoplasty abduction (grade 1) (along with a
ventriculocordectomy) and was prone to dysphagia and
coughing. b) Endoscopy of the rostral thoracic trachea (‘tracheal
sump’) revealed a high volume of frothy saliva and food with food
particles splattered over the remaining trachea due to coughing.

a)

b)

Fig 11: a) Three days following LP, this horse, with grade 1
laryngoplasty abduction, displayed marked dysphagia with nasal
reflux of food (in addition to coughing) whilst grazing in-hand.
b) Marked dysphagia was present with a bilateral, food-containing
nasal discharge.
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endotracheal intubation, trauma from concurrent VCE or
respiratory infection acquired during transport or
hospitalisation.

Long-term coughing is a significant problem in a proportion
of horses following LP, with Hawkins et al. (1997) recording
long-term coughing in 26% and nasal discharge in 16% of LP
cases. Dixon et al. (2003a) recorded post operative coughing
associated with eating in 24% horses that persisted for >6
months in 7% of cases (all having high levels of arytenoid
abduction), whilst another 7% of cases had chronic coughing
not associated with eating. In contrast, Kidd and Slone (2002)
reported long-term coughing during eating in just 2.5% of
horses.

Subclinical aspiration of food/saliva without coughing can
be detected years following LP (Dixon et al. 2003a). Hawkins
et al. (1997) proposed that persistent aspiration of food
material may lead to inflammation of the lower respiratory
tract, which could in turn contribute to a gradual decline in
racing performance after LP. At a mean of 32 months following
LP, Barnett et al. (2013b) found gross food contamination of
the larynx and/or nasopharynx in 22% of horses during exercise.
This finding was not significantly associated with the
endoscopic degree of arytenoid abduction, or the clinical
presence of coughing or dysphagia. In another study,
cytology of tracheobronchial aspirates, following LP and VCE,
showed increased ratios of neutrophils and of macrophages
containing bacteria (Radcliffe et al. 2006).

The presence of long-term coughing/dysphagia can have
significant consequences in some horses. Davenport et al.
(2001) reported that 6% of racehorses had their post LP
performance limited by a chronic cough while Strand et al.
(2000) reported that the racing careers of 10% of cases was
limited due to chronic aspiration and coughing. Additionally,
Witte et al. (2010) showed that post operative coughing
applies pressure on the laryngoplasty suture which may
contribute to failure of the prosthesis/cartilage. Strategies to
minimise post operative aspiration in such cases include
feeding from the ground, washing the mouth prior to exercise
and muzzling horses shortly after feeding and prior to exercise
(Hawkins et al. 1997).

Arytenoid inflammation
Swelling of the abducted arytenoid mucosa can occur during
the first week after LP, secondary to inflammation from
concurrent VCE and this can be more marked following laser,
as opposed to surgical, cordectomy. Arytenoid granulomas
can occasionally develop following LP (Fig 13), especially
if the arytenoid cartilage is inadvertently damaged
during a concurrent laser cordectomy. One of 2 cases of
arytenoid granuloma reported by Dixon et al. (2003a) was
asymptomatic and responded to antimicrobial medication;
the other case was dysphagic and submucosal resection of
the granuloma and adjacent cartilage resulted in immediate
resolution of signs. Post LP arytenoid inflammation may rarely
progress to chondritis (Fig 14) (Adreani and Parente 2007),
which was recorded in 0.4% of LP cases by Hawkins et al.
(1997). Laryngeal ultrasonography can differentiate between
arytenoid granuloma and chondritis.

Other post operative respiratory problems
Exercise-induced pulmonary haemorrhage (EIPH) has been
reported following LP in 2–7% cases (Hawkins et al. 1997; Strand

a)

b)

c)

Fig 12: a) One day after laryngoplasty, this horse was found
to have excessive (grade 1) arytenoid abduction, such that
the abducted arytenoid was partially obscured by the
palatopharyngeal arch. The horse was markedly dysphagic, with
its trachea containing food. b) Four weeks later, without
intervention, the arytenoid abduction decreased to grade 2, but
significant aspiration was still obvious. c) Six weeks following
surgery, the laryngoplasty was grade 3 with complete resolution of
dysphagia.
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et al. 2000; Davenport et al. 2001), but considering the high
reported prevalence (up to 80%) of this condition in racehorses
(Sweeney et al. 1990), the true significance of this finding is
hard to ascertain. More objectively, a case-controlled study
by Mason et al. (2013) showed that the presence of excessive
tracheal mucus and epistaxis, due to severe EIPH, was
significantly increased in horses that underwent LP with VCE,
compared to a control group. Dorsal displacement of the soft
palate (DDSP) has also been reported as a complication of LP,
occurring in 2–6% cases (Hawkins et al. 1997; Strand et al. 2000;
Davenport et al. 2001), but once again the higher reported
prevalence of this condition in the general racehorse
population (Pollock et al. 2009) makes this finding of
questionable significance.

A long-term dynamic videoendoscopic study that
examined LP treated horses perceived to be working
effectively by their owners found that 78% had some type of
upper airway collapse at exercise (Barnett et al. 2013b).

Palatal dysfunction was present in 24% horses at rest and 56%
at exercise, while 34% horses had aryepiglottic fold collapse
and 22% had vocal fold collapse during exercise. It is unclear
if these intercurrent upper airway disorders were related to the
LP procedure. However, this study clearly shows that horses
that still make a ‘noise’ following LP may be suffering from an
intercurrent upper airway problem rather than failure of the LP
procedure. This area needs further investigation with larger
numbers of horses from different disciplines.

Conclusion
The benefits of LP that improve laryngeal airflow and result in
improved exercise performance and decreased respiratory
noise have been recognised in racehorses (Hawkins et al.
1997), sports horses (Dixon et al. 2003b) and draught horses
(Kraus et al. 2003) and greatly outweigh the potential post
operative complications. However in addition to the obvious
short-term complications of LP, long-term consequences of the
procedure should be considered, as racing career is
significantly shorter in surgical vs. nonsurgical cohorts (Mason
et al. 2013) and, following LP, many horses can suffer from a
variety of non-RLN airway diseases during exercise (Barnett
et al. 2013b).
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Summary
Left dorsal displacement of the large colon is a condition
unique to the horse that results in an obstruction of the
colon and signs of colic. This condition may be successfully
treated medically with analgesia, i.v. or oral fluids and
feed restriction, exercise with or without administration of
phenylephrine, or rolling under general anaesthesia with or
without administration of phenylephrine, or a combination of
these conservative options. Surgical correction via standing
left flank laparotomy or, more commonly, ventral midline
laparotomy under general anaesthesia, is required in cases
where conservative therapy is unsuccessful. Recurrence rates
range from 3.2% to 21%. Surgical attempts to prevent
recurrence of this condition include large colon resection,
colopexy, and ablation of the nephrosplenic space.

Introduction
Left dorsal displacement, or nephrosplenic entrapment, of the
large colon is a form of large colon displacement in the horse.
In this condition, the left dorsal and ventral colons migrate
dorsal and lateral to the spleen and in a dorsal direction, and
become entrapped in the nephrosplenic space (Rakestraw
and Hardy 2006). Left dorsal displacement has been reported
in horses of any age, including those as young as 9 months
(Hardy et al. 2000), but typically affects mature performance
horses aged 4–8 years (Boening and von Saldem 1986; Baird
et al. 1991; Abutarbush and Naylor 2005; Rocken et al. 2005;
Baker et al. 2011). In some hospital populations 2.5% (Burba
and Moore 1997) to 6% (Rocken et al. 2005) of colics are
diagnosed as left dorsal displacements. This paper aims to
review the pathophysiology, diagnostics, treatment options,
prognosis and techniques for prevention of this condition
according to the current literature.

Pathophysiology
In cases of left dorsal displacement of the large colon, the left
dorsal and ventral colons migrate laterally to the spleen in a
dorsal direction, where they become entrapped in the
nephrosplenic space (Figs 1 and 2) (Rakestraw and Hardy
2006). In most cases of nephrosplenic entrapment, there is
concurrent ventromedial rotation of the left colon such that
the left dorsal colon is rotated ventral to the left ventral colon.
The weight of the colon causes the spleen to displacemedially
and ventrally and to become congested, and the left dorsal
colon can become impacted because of impaired flow of
ingesta over time. Left dorsal displacement starts as a
nonstrangulating lesion of the large colon; however, when the
duration of the condition increases to longer than 24 h, colonic
congestion and oedema can develop and potentially lead to

mural damage (Testa and Hilbert 1987). Entrapment of the
small colon or small intestine in the nephrosplenic space has
also been described, but these conditions are rare (Dart et al.
1992; Goodrich et al. 1997). The exact pathophysiological
mechanism for development of left dorsal displacement is
unknown; however, it is theorised that excessive gas formation
within the left colon, perhaps associated with altered colonic
motility, causes the left colon to displace laterally to the spleen
and dorsally into the nephrosplenic space. Alternatively,
horses may develop left dorsal displacement during rolling
episodes (Hackett 1983; Deen 1984; Markel et al. 1985; Testa
and Hilbert 1987).

Whilst there is limited research on the epidemiology and
pathophysiology of left dorsal displacement, various studies
have been conducted investigating simple colonic obstruction
and distension colic in the horse, which includes left and right
dorsal displacements and pelvic flexure impactions.

A study from Hillyer et al. (2002) identified several risk
factors for development of simple colonic obstruction and
distension colic (SCOD) in horses, including simple impaction
of the pelvic flexure and simple right and left dorsal
displacements. Cribbing behaviour, recent change in exercise
routine, lameness or orthopaedic related problems in the
previous month, over 19 h per day spent in a stall in the last 4
weeks, recent housing change, increasing concentrate
feeding in the previous 7–14 days were all correlated to a
higher risk in that study. The change in concentrate feeding in
the 7–14 days prior to a colic episode could be explained by a
disruption of the intestinal flora induced by such change. The
role of intestinal microbiota in development of SCOD is
supported by the findings of a recent study by Daly et al.
(2012): the mean concentration of lactic acid in the colonic
contents of horses fed only grass was 1.0 mmol/l, compared
to a concentration of 2.5 mmol/l in horses consuming
concentrate and 6.0 mmol/l in horses affected by SCOD,
correlating with an observed greater colonic population of
Lachnospiraceae, Bacteroidetes assemblage and Bacillus-
Lactobacillus-Streptococcus group.

Alternatively, increased risk for SCOD may be due to
decreased density of interstitial cells of Cajal (ICC) (Fintl
and Hudson 2010). Interstitial cells of Cajal generate the
continuous rhythmic pacemaker currents, known as slow
waves, controlling the intestinal peristaltic activity (Sanders
et al. 2006). Reduced or absent ICC activity is implicated in
several human gastrointestinal motility disorders (Langer et al.
1995; Yamataka et al. 1998; Yoo et al. 2002). Interstitial cells of
Cajal are found in a decreased number and network in horses
with dysautonomia (grass sickness) (Hudson et al. 2001) and in
horses with obstructive disorder of the large colon, compared
with normal animals (Fintl et al. 2004).
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Diagnosis
The diagnosis of nephrosplenic entrapment is based on the
presence of abdominal pain, relatively normal cardiovascular
parameters consistent with a simple obstruction,
ultrasonographic examination and abdominal palpation per
rectum. Abdominal pain can range from mild to severe
depending on the location of the colon, the amount of gas
distension, and the presence of secondary gastric distension.
On abdominal ultrasound, the left kidney is often impossible to
visualise axial to the spleen because of the presence of a
gas-filled colon that obscures the view of the left kidney
(Santschi et al. 1993). However, other conditions causing large
colon distention can impair the ability to visualise the left
kidney on ultrasound, therefore rectal palpation should be
used to confirm the ultrasound findings. Upon rectal palpation,
the left colon is most often gas distended, or sometimes
impacted, and can be traced up into the nephrosplenic
space. It is possible to have this condition in concurrence with
another condition; therefore an accurate diagnosis is essential
if nonsurgical correction is decided (Hardy et al. 2000; Burns
et al. 2011; McGovern et al. 2012).

Treatment
Treatment options include medical therapy with analgesia, i.v.
and oral fluids and feed restriction, exercise with or without
administration of phenylephrine, rolling under general

anaesthesia with or without administration of phenylephrine,
a combination of conservative options, standing flank
laparotomy, and ventral midline celiotomy under general
anaesthesia (Boening and von Saldem 1986; Kalsbeek 1989;
Johnston and Freeman 1997; Hardy et al. 2000; Baker et al.
2011; Muñoz and Bussy 2013).

Phenylephrine, an α-1 adrenergic receptor agonist, is often
used with nonsurgical management to cause splenic
contraction and facilitate correction. In one study, the splenic
area was reduced to 28% of baseline area and to 60% of
baseline thickness after administration at the dose rate of
3 μg/kg bwt/min for 15 min (Hardy et al. 1994). Previously
reported adverse effects of phenylephrine administration
are typically inconsequential and include bradycardia,
hypertension, second-degree atrioventricular blocks, and
premature ventricular contractions (Hardy et al. 1994).
Nevertheless, phenylephrine-associated haemorrhage is
possible and may result in death. This complication appears
more likely in old horses (Frederick et al. 2010). In countries
where phenylephrine is not available, epinephrine can be
used instead at a dose rate of 1 μg/kg bwt/min over 5 min
(Deniau et al. 2013). The treatment with epinephrine resulted
in a decrease in spleen length of 78% on a dorso-caudal
to ventro-cranial axis and 69% on a dorso-caudal to
ventro-caudal axis, as well as an 84% reduction of splenic
thickness in one study. Those results were not affected by
previous use of detomidine or xylazine (Deniau et al. 2013).

Vigorous exercise can be successful when performed early
in the course of the disease (Johnston and Freeman 1997;
Hardy et al. 2000; Rakestraw and Hardy 2006). Percutaneus
trocarisation of the large colons is described to relieve
distension prior to exercise (Rakestraw and Hardy 2006), and,
more recently, transrectal decompression using a special
transrectal decompression device has been performed in
horses with distended colon, including 2 horses suffering from
left dorsal displacement (Scotti et al. 2013).

Techniques for rolling horses vary, although the procedure
is always performed under general anaesthesia. The horse is
initially positioned in right lateral recumbency, then in dorsal
recumbency. The hind end is lifted off the ground using a hoist.
The operator(s) shake the horse vigorously for 1–2 min, and
then the horse is lowered to left lateral recumbency on the
floor. At this point, the horse is rolled into sternal recumbency
and in right lateral recumbency again. A palpation per rectum
can be performed on the recumbent horse, and the rolling
procedure may be repeated if necessary (Boening and von
Saldem 1986; Kalsbeek 1989; Baird et al. 1991; Sivula 1991;

Fig 1: The horse’s gastrointestinal tract as viewed from the horse’s
left side.

Fig 2: Left dorsal displacement of the large colon as viewed from
the horse’s left side.
Both pictures from The Glass Horse: Equine Colic CD, courtesy of
http://www.sciencein3D.com
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Biglietti and Garbagnati 2005). Alternatively, the horse is
placed in left lateral recumbency after induction of general
anaesthesia. All 4 limbs are attached to a hoist and the horse
is rolled into dorsal recumbency with his left side approximately
0.75 m from the wall of the recovery stall. Two adults sit on the
recovery stall floor with their backs against the wall and their
feet against the horse’s left flank and produce a rapid
piston-like compression and relaxation to the left flank by
flexing and extending their legs simultaneously for
approximately 30 times in 5 min. The procedure is repeated
7–10 times, then the horse is rolled towards a right lateral
recumbency with the sternum at an approximately 30° angle
to the floor, and the procedure repeated. The horse is
subsequently rotated from left lateral to right lateral
recumbency 3 or 4 times and allowed to recover in left lateral
recumbency (Fultz et al. 2013).

Nonsurgical management is more likely to be successful in
horses with shorter duration of clinical signs, lower peritoneal
fluid white blood cell count and less gas distension (Baird et al.
1991; Johnston and Freeman 1997; Hardy et al. 2000). It needs
to be stressed that preoperative diagnosis is always
presumptive, and errors are possible (McGovern et al. 2012).
Repeated thorough assessments are necessary when
conservative management is elected, so that surgical
treatment can be promptly provided when necessary
(McGovern et al. 2012).

If nonsurgical manipulations are unsuccessful, or if pain
cannot be controlled or cardiovascular parameters
deteriorate, surgical intervention is indicated. Standing flank
laparotomy may be performed for the correction of
nephrosplenic entrapment, but a ventral midline celiotomy
under general anaesthesia is most commonly performed since
this approach ensures successful correction and allows
detection of concurrent undiagnosed problems.

Prognosis
A true comparison between medical and surgical treatment
is difficult based on the current literature, because
randomisation of a treatment choice is unsuitable in clinical
practice. Rather, surgical treatment is generally elected for
cases that fail to respond to medical treatment, for which a
surgical intervention is financially affordable. Baker et al. (2011)
compared the rolling treatment with or without previous
administration of phenylephrine to surgical treatment. Survival
to discharge was 94% for surgically treated cases that went up
to a 97% after exclusion of horses subjected to euthanasia on
the surgery table. Rolling was successful in 58% of cases, but
since horses for which rolling was unsuccessful were taken to
surgery, the overall survival rate of rolled horses was 98% short
term. Phenylephrine did not seem to make a difference in that
specific study. Overall, Baker et al. (2011) concluded that the
survival rates do not demonstrate an obvious benefit of rolling
for management of nephrosplenic entrapment, but do reveal
the procedure has no negative impact on survival. In the study
from Lindegaard et al. (2011) surgery was associated with
poorer survival than conservative treatment (80% vs. 96.5%),
but the authors state that it is impossible to determine whether
this finding reflects the risk of surgery per se or the fact that
horses going to surgery are initially in more severe conditions,
since the treatment choice was not randomised. The overall
prognosis for success after medical or surgical management is
excellent (91–100% of cases) (Boening and von Saldem 1986;
Kalsbeek 1989; Baird et al. 1991; Sivula 1991; Santschi et al.

1993; van Harreveld et al. 1999; Hardy et al. 2000; Abutarbush
and Naylor 2005; Biglietti and Garbagnati 2005).

Prevention
Reported recurrence rates of nephrosplenic entrapment vary
between 3.2% (Huskamp and Kopf 1980) and 21% (Rocken
et al. 2005) regardless of the treatment chosen. A number
of procedures have been advocated for prevention of
recurrence of nephrosplenic entrapment of the large colon.
These procedures include ablation of the nephrosplenic
space, colopexy (Markel et al. 1985, 1988; Hance and
Embertson 1992; Trostle et al. 1998), and large colon resection
(Bertone et al. 1986; Hackett 2002; Rakestraw and Hardy 2006).

Colopexy consists of suturing the lateral band of the left
ventral colon to the abdominal wall for approximately 1.8 m
(Hackett 2002). Possible complications resulting from this
procedure include colic, incisional hernia, catastrophic
rupture of the colon and enterocutaneous fistula; furthermore,
the safety of this procedure in horses with an athletic career
has not been established (Hackett 2002), hence this
procedure is commonly reserved for broodmares.

Elective large colon resection is an extensive and
expensive surgical procedure. Complications most commonly
seen in the early post operative period include pain and
adhesion formation (Rakestraw and Hardy 2006) and, in the
short term, weight loss and diarrhoea, which generally subside
over time (Hackett 2002). If performed successfully and
without complications, large colon resection theoretically
prevents all forms of large colon displacement and torsion.

Ablation of the nephrosplenic space can be performed
through a flank laparotomy with or without a rib resection, or it
can be performed through a minimally invasive laparoscopic
approach (Zekas et al. 1999; Marien et al. 2001; Farstvedt and
Hendrickson 2005; Rocken et al. 2005).

The laparoscopic technique offers the advantages of
being minimally invasive, decreasing perioperative morbidity,
improving the cosmetic appearance and shortening the
convalescent time when compared to the conventional open
approach (Marien et al. 2001; Farstvedt and Hendrickson 2005;
Rocken et al. 2005). A hand-assisted laparoscopic technique
was recently described for resolution of nephrosplenic
entrapment and immediately subsequent ablation of the
nephrosplenic space in 12 horses (Muñoz and Bussy 2013).

Laparoscopic ablation of the nephrosplenic space has
recently been performed in 4 horses utilising a barbed suture
that does not require knots, thus decreasing the difficulty and
the duration of the procedure (Albanese and Caldwell 2013).

Conclusion
Horses suffering from left dorsal displacement have an
excellent prognosis for recovery regardless of the type of
management elected (medical vs. surgical). The choice of
treatment is case and clinician dependent; however, the
possibility of another undetected concurrent condition should
be kept in mind when conservative management is pursued,
and any horse showing deteriorating clinical signs should be
surgically explored.

Good management of the horse’s nutrition, exercise and
turnout routine, dental prevention and deworming schedule,
as well as avoidance of sudden changes of feed or housing,
may aid in the prevention of left dorsal displacement as well as
other large colon simple obstructions. When left dorsal
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displacement is a recurring problem despite these measures,
surgical ablation of the nephrosplenic space may be
considered. This procedure only prevents left dorsal
displacement. All other types of displacements and torsions
are still possible, as well as problems involving other portions of
the intestine. It is important that owners are well aware of these
limitations before consenting to the procedure. Nevertheless, if
properly performed, ablation of the nephrosplenic space is a
relatively simple procedure, with minimal complications, which
successfully prevents recurrence of nephrosplenic entrapment
in the horse.
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The AAEP’s mission “to improve the health 

and welfare of the horse” is enabled by  

the steadfast support of its Educational  

and Media Partners, an esteemed group  

of companies committed to the betterment 

of the equine industry and your profession.

AAEP’S EDUCATIONAL 
AND MEDIA PARTNERS

a a e p . o r g

A Great Team
Will Always
Work Together
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Media Partners
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Animal Kingdom
2011 Derby Winner. 2013 World Cup Winner.

The combination of glucosamine/chondroitin sulfate plus ASU* has been shown in 
cartilage cell studies to be more effective than glucosamine/chondroitin sulfate alone at 

inhibiting expression of several components involved in the breakdown of cartilage.

Also Recommend:

Source: Survey conducted in April 2012 of equine veterinarians who
   recommended oral joint health supplements.

010.1078.00

*avocado/soybean unsaponifiables 

HELPING MAKE EVERY HORSE A LEGEND

Omega-3 Fatty Acid 
FISH Oil Supplement

Goes Beyond Skin & Coat!
Long chain Omega-3 fatty acids
help support the following areas:

IMMUNE SYSTEM 
HEALTH

CARDIOVASCULAR/
EXERCISE SUPPORT   

RESPIRATORY SUPPORT

SKIN & COAT HEALTH

JOINT FUNCTION

BREEDING STALLIONS

GESTATING/LACTATING 
MARES

Look for 
Welactin 
Equine in

NEW 
PACKAGING!

Tasty peppermint 
flavor your horse 

will love!

^Source: Survey conducted in April 2012 of equine veterinarians who recommended omega-3 fish oil supplements.

THE MOST ADVANCED
JOINT HEALTH FORMULAS
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Back to work with the 
gold standard in 

shock wave healing
VersaTron® electrohydraulic, focused shock wave 
is UNMATCHED. A noninvasive treatment 
that uses high-energy sound waves to 
treat lameness & pain.

Not all shock wave is created equal.
Don’t settle for anything less than the VersaTron.

VersaTronShockwave.com

RECEIVE 
$1,000 OFF 

LOWEST PRICE 
WHEN YOU 
MENTION 

THIS EVE AD

 Customized penetration depths up to 110 mm 
– deeper than any other device

 Tailor the treatment for:
- Suspensory injuries - Tendon tears/strains
- Osteoarthritis  - Bone fractures
- Back Pain   - Navicular syndrome (foot lameness)
- Wounds   - Hocks and other joint injuries

 Studied More, Proven Effective – more than a decade of clinical 
research validating efficacy

 Used at more universities and clinics worldwide
 Treatments covered by most insurance companies

ASK FOR 

THE VERSATRON 

BY NAME 

http://www.pulsevet.com
http://www.VersaTronShockwave.com
http://www.VersaTronShockwave.com

