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Take A Stand Against Anesthetic Risk
New Standing MRI technology offers

clearer images with less risk.

Standing equine MRI machines are becoming the new norm in helping equine 

veterinarians diagnose lameness problems. Hallmarq Veterinary Imaging’s standing MRI 

machine allows horses to stand for scans of the foot and lower leg.  The horse is 

simply walked into the machine instead of undergoing general anesthesia, which can 

lead to problems including death in some healthy horses. The new motion correction 

technology offers quality diagnostic images 

while providing a safe and comfortable 

experience for the horse. 

To find out more about Hallmarq’s standing equine MRI machines visit www.hallmarq.net or call (978) 266 1219.

Photo courtesy of Rossdale and Partners, Newmarket UK. 
© Hallmarq Veterinary Imaging Ltd (2013)
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From online medicine and Internet pharmacies to non-
licensed lay people attempting to practice dentistry, repro-
duction, radiographic imaging and more, opportunities 
abound for consumers to obtain what they think is proper 
equine healthcare. Many of these lay individuals, or non-
veterinarian healthcare providers (NVHCPs), are doing an 
effective job promoting themselves and their “services” to 
an unsuspecting horse-owning public. Sadly, many of our 
own colleagues are supporting the use of such NVHCPs 
and similar services.

While a few states allow limited services to be provided by 
the employees of veterinarians or by licensed tooth floaters 
or chiropractors, unlicensed NVHCPs are demanding the 
right to autonomously provide veterinary services without 
professional education and accountability.

Many of these NVHCPs claim certifications and profes-
sional titles based on completion of non-AVMA 
sanctioned “schools” or membership in trade associations. 
Through aggressive marketing, NVHCPs have created the 
public perception of professional competency and have 
convinced numerous equine healthcare decision makers, 
including some veterinarians, that NVHCPs provide 
superior services as compared to licensed veterinarians. 

So, what’s at stake? First and foremost is the health and 
welfare of the horse. Second is the loss of the veterinarian 
from consideration as the most qualified healthcare 
provider for the horse. Third is the ability for veterinarians 
to practice to the capacity for which they are trained, 
licensed and currently serve as the trusted and responsible 
caretakers of their patients and the public. 

Ultimately, the only way to protect horses and ensure they 
receive proper healthcare is by educating everyone 
involved in making equine healthcare decisions. This 
includes those directly involved such as owners, trainers 
and our fellow veterinarians; also those whose involve-
ment may not be as hands-on but is just as influential, 
specifically state legislators, state/provincial boards of 
veterinary medicine and veterinary medical associations. 

State legislators define the scope of veterinary practice for 
each state and therefore determine if equine dentistry, 
reproduction, taking and interpreting radiographs, etc. are 
included within or exempt from the Veterinary Practice 
Act. Since state legislators ultimately decide who can 
legally practice veterinary medicine, these representatives 
must be educated about current veterinary practices before 
they are asked to make a legislative decision.  

Without regulatory oversight, horse-owning consumers are 
unprotected from the practices of NVHCPs who misrepre-
sent their professional education, credentials, competency 

and accountability 
(liability). Also, the 
autonomous practice of 
NVHCPs puts the horse 
industry at an increased risk 
of misdiagnosis of zoonotic 
and reportable animal 
diseases.

While many veterinarians 
are vocally frustrated by the 
practices of NVHCPs, few 
have educated their clients 
about the appropriate legal 
actions to prosecute 

NVHCPs. Still fewer are willing to file complaints against 
unethical colleagues who are illegally supporting the 
NVHCPs by supplying them with prescription drugs and 
referrals. Controlling unethical veterinarians would signifi-
cantly reduce the service capabilities of some NVHCPs, 
and this legal action would not result in a costly political 
debate.  

The AAEP is taking action through its Scope of Practice 
Task Force, but this effort can’t be done alone. Here are a 
few ways you can help:

provincial VMA. If you aren’t a member of your VMA, 
join! If you are a member, become more active. Don’t 
blame small animal practitioners’ decisions within the 
VMA as being the reason why you don’t participate. 
You won’t have a voice if you are not active. To 
volunteer to serve as an AAEP state liaison, contact 
AAEP’s Director of Industry Relations Keith Kleine at 
(859) 233-0147 or kkleine@aaep.org.

hosted by the AAEP during the 2014 Annual 
Convention. The session will provide interested 
members with the tools to increase their voice for horses 
and equine practitioners in their states. Contact Keith 
Kleine to learn more or to request an invitation.

Ultimately, horse owners will choose who provides 
healthcare services for their horses, and some owners will 
choose NVHCPs. However, to protect the welfare of 
horses, veterinarians have a duty to educate equine 
healthcare decision makers in the field and in the state 
capitol so that they can make informed choices. Currently 
we are not performing this duty adequately and horses are 
suffering as a result.

Dr. Galloway is the chairman of the AAEP’s Scope of 
Practice Task Force.

Scope of Practice: Promoting veterinarians as the preferred healthcare provider

By Stephen Galloway, DVM

mailto:kkleine@aaep.org
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Join in the diamond anniversary celebration when the 
AAEP’s 60th Annual Convention heads into the heart of the 
American West—Salt Lake City, Utah—Dec. 6-10, 2014!

Practical and comprehensive 
educational sessions, daily 
networking and social events, and 
a trade show brimming with the 
newest products and services will 
offer incomparable opportunities 
to grow your knowledge, practice 
and career. 

The depth and diversity of the 
educational program will offer the 
latest thinking in areas relevant to your 
practice. Session topics will include lameness, 
imaging, colic, reproduction, immunology and parasitology, 
dentistry, regenerative medicine, and techniques for handling 
difficult horses. Meanwhile, daily Business of Practice 
sessions will help you master the non-medical aspects of 
practice that are essential to a healthy bottom line.

Following daily educational sessions, enjoy all of the 
amenities of the 2002 Winter Olympics host city, including 
hundreds of restaurants, bars, clubs, and shopping and 
entertainment options within or near its downtown 

convention district. Direct flights from more than 90 cities 
worldwide and inexpensive light rail service between the 
airport and convention district will make getting to the 
convention a breeze.

Register for the convention, book your hotel room and 
browse the educational program at www.aaep.org/info/
convention-registration. Register online by Sept. 1 and 
save $125!

Register soon to lock in Annual Convention savings
Save $125 when registering online by Sept. 1

Touch Point: Are you providing the emergency coverage your clients expect?

Ambulatory practice is a way 
of life for most equine veteri-
narians—you go where your 
patients are. And while the 
logistical challenges of trans-
porting a 1,200-pound animal 
have necessitated this centuries-
old approach to equine patient 

care, do your clients really value this service?

According to AAEP research, a veterinarian being available 
when needed is a key component of client satisfaction. When 
horse owners and trainers ranked the most important 
attributes of a veterinarian, No. 1 was “available to come to 
you or make house calls” (42% of respondents), followed 
closely by “available to respond to emergency calls 24/7” 
(41% of respondents).

Horse owners and trainers also said that providing 24/7 
coverage is an area where veterinarians can do better. Of 
the more than half of respondents who said they had fired 
a veterinarian at some point, “lack of availability” was 
cited as the third most popular reason for the decision.

The demands of around-the-clock care, however, can be 
overwhelming for solo practitioners and those in small 
practices. AAEP Touch offers a variety of resources to help 
you climb the mountain of emergency coverage: innovative 
case models from practices that have developed solutions, 
the Relief Veterinarian Network to help you find assistance, 
and much more.

Visit touch.aaep.org to access these exclusive AAEP 
member tools.
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Abundant natural beauty, big-city amenities and uncommon 
value await Annual Convention attendees in Salt Lake City.

http://www.aaep.org/info/
http://touch.aaep.org
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Veterinary legend Dr. Marvin Beeman will share the 
lessons he’s learned about practice and life during his 
nearly 60 years as a horse doctor when he delivers the 
keynote address, entitled “Do the Little Things Well and 
the Big Things Will Happen,” at the AAEP’s 60th Annual 
Convention. From staying enthusiastic about your career 
to sharing your passion with those who follow in your 
footsteps, Dr. Beeman’s wisdom will resonate with his 
colleagues of all ages.

Born on the Highlands Ranch in Colorado, Dr. Beeman’s 
involvement with hunters as a child stoked his interest in 
veterinary medicine. He earned his veterinary degree 
from Colorado State University in 1957 and became a 
founding partner of Littleton Equine Medical Center in 
Littleton, Colo. He served as president of the practice 
from 1968 to 1997 and currently holds the title DVM 
Emeritus. His areas of emphasis include lameness and 
musculoskeletal issues. 

Throughout his career, Dr. Beeman has contributed to the 
betterment of the equine industry and welfare of the horse 
through the education of equestrians both nationally and 
internationally; and through volunteer service with equine 
organizations and federal, state and local veterinary 
societies, including a term as AAEP president in 1975. 

Dr. Beeman’s unmistakable 
footprint on the equine industry is 
no more evident than in the 
number and diversity of accolades 
bestowed on him. He is a member 
of the American Quarter Horse 
Association Hall of Fame, 
International Stockman’s Hall of 
Fame, American Farrier 
Association’s International 
Horseman’s Hall of Fame and 
Colorado Agricultural Hall of 
Fame. Just a few of his many 
awards include the AAEP’s Sage 

Kester Beyond the Call Award, the American Horse 
Council’s Distinguished Service Award, National Western 
Stock Show’s Citizen of the West award and National 
Institute for Animal Agriculture’s Meritorious Service Award.

He remains active in the saddle to this day, including as the 
longtime Joint Master and Huntsman of the Arapahoe Hunt 
Club and, from 2008-2011, as president of the Master of 
Foxhounds Association of America.

Dr. Marvin Beeman

Convention keynote speaker to dispense wisdom gleaned from six decades of veterinary practice

www.foalsbeststart.com

Equip yourself to diagnose and treat the variety of foal 
conditions encountered in the field and the referral hospital 
by attending Focus on the First Year of Life, and save $50  
by registering for the meeting by the Aug. 21 early  
registration deadline.

Those who miss the Aug. 21 deadline will be able to register at the standard rate on site at the meeting, which is being 
held at the Sheraton Phoenix Downtown Hotel. Meeting registration includes continental breakfast each morning and 
lunch on Sept. 11 and 12.

Register today at www.aaep.org/info/focus-firstyear.

Focus on the First Year of Life is sponsored by:

September 11-13, 2014  Phoenix, Arizona

Early registration deadline nears for Focus on the First Year of Life
Register by Aug. 21 and save $50

http://www.foalsbeststart.com
http://www.aaep.org/info/focus-firstyear
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In recent months AAEP members have expressed concerns 
over health, lifestyle and wellness issues that in many ways 
are unique to our profession. Such concerns were 
illustrated starkly in an article from the November 15, 
2013, issue of the Journal of the American Veterinary 
Medical Association (JAVMA) that discussed stress, mental 
health and suicide among veterinary students and 
practitioners. A portion of the article is quoted here: 
 
A University of Tennessee veterinary college graduate 
committed suicide in March 2011. At the time, he was 
pursuing a residency in laboratory animal medicine and a 
concurrent doctorate with the University of Missouri’s 
Comparative Medicine Program. 

A fourth-year veterinary student at the University of 
Montreal took her own life in May 2012, a day before she 
was to graduate.

A second-year veterinary student at Mississippi State 
University did the same thing this past April. He had just 
earned his master’s in animal physiology from the 
University of Arkansas.
 
It’s no secret that the veterinary profession can be rough on 
individuals. There’s the stress of getting into veterinary 
school, performing well, and standing out among peers, 
followed by years or decades of long hours, demanding 
clients, and heavy workloads. What isn’t discussed as freely 
is what happens when those stresses become overwhelming 
or when mental illness develops as a result. The good news 
is that more people are pushing for dialogue about this 
topic, in the hope of preventing these situations from 
developing or finding ways to help when they do.
 
For many veterinarians, the stigma associated with mental 
illness is an important barrier not just to accessing mental 
health services but also to even discussing the topic in the 
first place.
 
To read the entire article, please access it at https://www.
avma.org/News/JAVMANews/Pages/131115a.aspx.

On the whole, we are a bright and dedicated lot who 
work long hours for sometimes marginal pay at a 
physically and emotionally demanding job. Whether it is 
the job, the day or other parts of our lives, it is clear that 
some members of our profession are at risk for mental 
health issues, substance abuse and suicide. In Vet Record 
2010;166:388-397, Dr. David Bartram et al. reported 
that veterinarians have a suicide rate that is three to four 
times that of the general population and two times that 
of other health professionals. How can we recognize our 
colleagues at risk? How can we help?

One way is by familiarizing yourself with the warning signs 
(see sidebar of risk and protective factors for suicide). 
Another is knowing where to turn for assistance. 
Although the AAEP does not provide its membership 
with professional help related to mental health issues, the 
board of directors recently investigated resources 
available within the U.S., Canada and other countries 
that our members may find helpful. 

First, contact your state veterinary medical board or state 
VMA—some states have very robust programs to assist 
veterinarians in these circumstances. The offerings vary 
significantly by state; some actually provide support for 
professional counseling while others do not. Should a 
member need to reach out in this regard, a directory of 
state veterinary medical boards is available at  
www.aavsb.org/DLR. 

The AVMA has resources available online for its 
membership, including a directory of state committees to 
assist impaired veterinarians at http://tinyurl.com/l9be37h 
and a NOAH discussion group on work-life balance and 
wellness at http://tinyurl.com/oy74soq.

The Canadian VMA provides excellent support for its 
membership on a province by province basis. A good 
example is the Alberta VMA, which offers member 
support and counseling for depression, anger management, 
anxiety, stress management and suicide prevention at 
www.abvma.ca. 

For some of our international members, the United 
Kingdom offers an excellent website: www.vetlife.org.uk. 

Mental Wellness: Recognizing and responding to the warning signs of mental illness

By Lisa Metcalf, DVM, MS, DACT, and Kenton Morgan, DVM, DACT

http://avma.org/News/JAVMANews/Pages/131115a.aspx
http://www.aavsb.org/DLR
http://tinyurl.com/l9be37h
http://tinyurl.com/oy74soq
http://www.abvma.ca
http://www.vetlife.org.uk
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Besides serving those at risk, these resources also can provide direction 
for those concerned about colleagues. In these situations, Dr. Bertram 
suggests the following approach:

How to raise your concerns with a colleague:

wondering how you were doing?” Don’t ask loaded questions  
such as “What is wrong with you then?” or “Are you stressed  
or something?”

 
or blame.

can bring them a better sense of clarity, perspective, resolution and 
control. Always allow the person time to answer. Be patient.

 
from their perspective.

moment. It might feel appropriate at this stage to begin to discuss 
some immediate possible changes at work.

(GP), but don’t tell them what to do.

seriously. Around two-thirds of people who die by suicide 
communicated their intent to others (Cavanagh and others, 2003).

challenging for you, unburden by sharing your feelings with 
someone you can trust.

The lives we have chosen to lead are physically and mentally 
challenging. Such challenges can inspire and invigorate, but at other 
times they can overwhelm us. Recognizing the differences within 
ourselves and our colleagues while consulting the resources provided 
herein may prove helpful. Awareness is perhaps the most important 
step for we are, after all, in the shelter of each other.

 
Dr. Metcalf is founder and owner of Honahlee, PC,  
in Sherwood, Ore., and a member of the AAEP  
board of directors.

 
 
Dr. Morgan is an equine veterinary specialist with 
Zoetis in Kansas City, Mo., and a member of the 
AAEP board of directors.

Risk and protective factors for suicide
The National Suicide Prevention Lifeline lists the fol-
lowing risk factors and protective factors associated 
with suicide:

Risk Factors for Suicide
Mental disorders, particularly mood disorders,  

schizophrenia, anxiety disorders and certain  
personality disorders

Alcohol and other substance use disorders 

Hopelessness

Impulsive and/or aggressive tendencies 

History of trauma or abuse

Major physical illnesses

Previous suicide attempt

Family history of suicide

Job or financial loss

Loss of relationship

Easy access to lethal means

Local clusters of suicide

Lack of social support and sense of isolation 

Stigma associated with asking for help

Lack of health care, especially mental health and 
substance abuse treatment

Cultural and religious beliefs, such as the belief that 
suicide is a noble resolution of a personal dilemma

Exposure to others who have died by suicide (in real 
life or via the media and Internet)

Protective Factors for Suicide
Effective clinical care for mental, physical and  

substance use disorders 

Easy access to a variety of clinical interventions

Restricted access to highly lethal means of suicide

Strong connections to family and community support

Support through ongoing medical and mental health  
care relationships

Skills in problem solving, conflict resolution and 
handling problems in a non-violent way 

Cultural and religious beliefs that discourage suicide 
and support self-preservation
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AAEP members affiliated with 501(c)(3) equine rescue and rehabil-
itation facilities in the United States should coordinate with those 
facilities now to complete the application for complimentary fall 

vaccinations from the 
Unwanted Horse Veterinary 
Relief Campaign (UHVRC) by 
the Aug. 1 deadline.

The UHVRC is a joint effort of 
the AAEP and Merck Animal 
Health that has provided core 

vaccines for more than 15,000 horses in need since its inception in 
2009. For the upcoming fall vaccination season, donated vaccines 
will protect horses from Eastern and Western Encephalomyelitis, 
Equine Influenza, Equine Rhinopneumonitis (EHV-1 and EHV-4), 
Tetanus, Rabies and West Nile Virus.

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

“As equine veterinarians, we have all experienced at least 
one devastating case of laminitis. Though there are countless 
ways to treat these horses, we don’t fully understand the 

spectrum of metabolic 
changes that precipitate 
the condition. We tout 
the ideal of a controlled 
epidemiologic study, but 
it requires our participa-

tion to be successful. Dr. Coleman and her staff are very 
helpful in the sample sub-mission process, and very apprecia-
tive of your collaboration.”

—Johanna Kremberg, DVM,  
Grand Prix Equine, Bridgewater, Conn.

Contributing to a better understanding of one of the most 
feared and frustrating diseases impelled Dr. Johanna 
Kremberg to submit two sets of cases and controls in support 
of A Case-Control Study of Pasture and Endocrinopathy-
Associated Laminitis in Horses, the initial study in the AAEP 
Foundation’s Laminitis Research Project series. 

The goal is to collect 200 cases and 400 controls by the end 
of 2014. As of June 16, 153 laminitis cases had been 
submitted, along with 132 healthy controls and 105 lameness 
controls. Any new case of laminitis—with the exception of 

cases due to grain overload, sepsis or lameness in 
the contralateral limb—evaluated within four 
weeks of the onset of clinical signs is eligible.

To learn more about the study, or to register or submit data, 
visit www.vetmed.tamu.edu/laminitis or contact the study 
coordinator, Dr. Michelle Coleman, at mcoleman@cvm.
tamu.edu or (979) 219-3523.

The study is supported in partnership by the AAEP 
Foundation; Prascend® (pergolide mesylate), manufactured 
by Boehringer Ingelheim Vetmedica, Inc.; and the USA 
Equestrian Trust.

Participate in the Laminitis Research Project to help identify risk factors 
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Dr. Johanna Kremberg

Help equine rescue and retirement facilities  
apply for free vaccines
Aug. 1 deadline to submit UHVRC application
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Road to AAEP volunteerism and leadership begins with the volunteer interest form

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

A broad and diverse network of member volunteers 
is critical to successful operation of the AAEP and the 
programs and services it offers the membership. 

Until spring 2013, networking and word of mouth often 
were the means of filling volunteer positions. Since then, 
implementation of an online volunteer interest form has 
added a level of transparency and enabled individual 
member expertise and interests to be aligned more 
effectively with volunteer opportunities. 

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

To complete the form and become eligible for volunteer 
service, just log in to www.aaep.org and select “Go” in the 
Volunteer Opportunities box on your dashboard.

AAEP volunteer Dr. Rebecca Stinson leads a 
Horsemanship Short Course for veterinary students at 
Louisiana State University.

Social Media Practice Tip: Supplement client education with Slideshare

Slideshare is an easy way to share 
your presentations online. When 
you present a webinar, you can 
record and upload it to www.
slideshare.net so that your clients 
can access your presentation at their 
convenience. This is also a great resource for your 
office staff and veterinarians to direct clients to when 
they want to understand a subject in greater depth. We 
have created our own page on Slideshare where we 

host all of our presentations, which, 
to date, have had more than 13,000 
cumulative views. 

Slideshare “To Do” For You: Create 
your own page on Slideshare so you 

can archive your PowerPoint presentations. If you 
would like to post recorded versions of your webinars, 
there is a small monthly fee. Advertise it to your clients 
on your Facebook page or on Twitter.

By Mike Pownall, DVM

Former AAEP President Dr. Edward Murray dies at age 76

Dr. Edward S. Murray, AAEP past 
president and a champion of student 
member development, died June 12 from 
pancreatic cancer. He was 76.

Dr. Murray earned his DVM from Colorado 
State University in 1962 and established 
Spur Veterinary Hospital in Spur, Texas, with 
his wife Joan the following year. He retired 
from practice in 2011.

An AAEP member since 1964, Dr. Murray 
served as president of the association 
in 1990 and advocated for a strong 
professional/student relationship. He also 
served on numerous committees, including 
the Educational Programs, Equine 
Insurance, Exhibits, Farrier Liaison, 
Nominating, Presidents’ Advisory and 
Scholarship committees.

Dr. Edward Murray

http://www.aaep.org
http://www.slideshare.net
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The AAEP welcomes new members and congratulates recent graduates

NEW MEMBERS:
Natalie Barron, DVM, Georgetown, KY
Shane Belford, DVM, Kalbar, Australia
Frank Coleman, DVM, Weiser, ID
Emily Hood, DVM, College Station, TX
Samuel David Hurcombe, DVM, Elmont, NY
Jamie Kaczor, DVM, Fostoria, OH
Darren Katzung, DVM, Bloomington, WI
Stephen Laudermilch, DVM, Rome, PA
Masaya Maeda, DVM,  

Hidaka-gun Hokkaido, Japan
Kyla Ortved, DVM, Ph.D., DACVS,  

Elmont, NY
Michael Peplowski, DVM, Conford, OH
Camilla Scott, DVM, Davis, CA
Meredith Vair, DVM, Listowel, ON, Canada
Gretchen Verheggen, DVM, The Plains, VA

RECENT GRADUATES:
Cindy Allen, DVM, Alachua, FL
Laura A. Allyn, DVM, Plantation, FL
Casey Jean Balvanz, DVM, Dublin, TX
Emily Bold, DVM, New Hope, PA
Stephanie Bradshaw, DVM, Arkadelphia, AR
Autum Busarow, DVM, Tucson, AZ
Jordan Cassidy, DVM, Glenpool, OK
Carina Cooper, DVM, Almonte, ON, Canada
Ashleigh Robin Crowell, DVM,  

North Smithfield, RI
Ashleigh Davis, DVM, Wellington, FL
Allison Deugwillo, DVM, Chino Hills, CA
Jenna K. Donaldson, DVM,  

Sherwood Park, AB, Canada
Megan Eick, DVM, Ringoes, NJ
Jasmin Feist, DVM, Port Orchard, WA
Katherine Fertig, DVM, Irvine, CA
Sarah Firebaugh, DVM, Salem, VA
Ashley Galen, DVM, Snohomish, WA
Erin Marguerite Gatz, DVM,  

Red Wing, MN
Stéphanie Girard, DVM,  

Saint-Félicien, QC, Canada
Sophia Gleeson, DVM, Crossroads, TX
Juan Carlos Guerra, DVM, Rhinebeck, NY
Kimberly M. Guyer, DVM,  

Northborough, MA
Natalie Houser, DVM, Huntertown, IN
Taryn Lindsey Hudgens, DVM, Kent, WA
Russ R. Lapierre, VMD, Bremen, IN
Julie Audra Layeux-Parks, DVM,  

New Prague, MN

Cheryl Malin, DVM, Saskatoon, SK, Canada
Victoria Martin, DVM, Champaign, IL
Shannon McGill, DVM, Urbana, IL
Laurel Meininger, DVM, Vernon Hills, IL
James Meyer, DVM, Gawler, SA, Australia
Susan Lee Moore, DVM, Titus, AL
Gretchen Neary, DVM, Littleton, CO
Matt Nugent, DVM, Welland, ON, Canada
Amber Olson, DVM,  

Norwood Young America, MN
Karla Penman, DVM, Tucson, AZ
Dori Elana Portman, DVM, Snow Hill, NC
Marcos Vinicius Dias Rosa, DVM,  

Niteroi, Rio de Janeiro, Brazil
Renee Elizabeth Seager, DVM, Brillion, WI
Monica L. Snyder, DVM, Portersville, PA
Amanda Spector, DVM, Cibolo, TX
Jolee Beth Stegemoller, DVM,  

Carbondale, CO
Karin Thomasson, DVM,  

Glenwood Springs, CO
Margaux Tillinghast, DVM, Warwick, NY
John M. Von Kieckebusch, DVM, 

Jacksonville, FL
Elizabeth Jane Weber, DVM, Davie, FL
Daniel S. Weldon, DVM, MS, Newnan, GA
Randi Whiting, DVM,  

Oil Springs, ON, Canada

Boehringer Ingelheim Vetmedica, 
Inc. (BIVI), a world-class, 
state-of-the-art research and 
manufacturing facility located in 
St. Joseph, Mo., is a subsidiary of 
Boehringer Ingelheim Corporation, 
a member of the Boehringer Ingelheim worldwide 
group. Through BIVI’s research, development, 
manufacturing, sales and educational offerings, equine 
veterinarians around the world obtain products and 
leadership skills they need to provide the highest 
quality service to their equine clients.

BIVI is dedicated to the support of veterinarians through 
new products such as VETERA® XP vaccines, the only 
vaccine line that contains the equine influenza strains 

recommended by the OIE Expert 
Surveillance Panel on Equine 
Influenza. The VETERA XP line 
offers veterinarians a customized 
approach to vaccine protocols with 
small and large combinations as 

well as monovalent. In addition, BIVI offers the industry-
leading product, PRASCEND® (pergolide mesylate), 
as well as a complete joint health portfolio featuring 
HYVISC® (hyaluronate sodium), HYALOVET® 
(hyaluronate sodium), SURPASS® (1% diclofenac 
sodium) and VETALOG® (Triamcinolone Acetonide).

BIVI is proud to be an AAEP Educational Partner and 
continues its sponsorship efforts to support veterinarians 
and their professional development.

AAEP Educational Partner Profile: Boehringer Ingelheim Vetmedica, Inc.

ld id ll l
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In recognition of their long-standing commitments to the 
profession of veterinary medicine and to their association, 
10 veteran AAEP members achieved the Honor Roll dis-
tinction during the past 12 months. The Honor Roll 
category of membership is reserved for members who have 
reached the age of 70 and have maintained an AAEP 
membership for 40 years.

Congratulations to the following members who achieved this 
milestone between July 1, 2013, and June 30, 2014:

John Pritchard, DVM, Turin, Ga.
Donald Klinkerman, DVM, La Junta, Colo.
Alfonso Arzave, MVZ, Huixquilucan, Mexico
James Boutcher, DVM, Versailles, Ky.
Stephen Derwelis, DVM, Los Ranchos, N.M.
John Hoyme, DVM, Chino, Calif.
Michael Steppe, DVM, Chino, Calif.
Myron Hinrichs, DVM, Petaluma, Calif.
Gerald Huff, DVM, Las Vegas, Nev.
Richard Mansmann, VMD, Ph.D., DACVIM,  

Chapel Hill, N.C.

South Shore Equine Clinic & Diagnostic Center, a 
progressive, full-service equine clinic located 30 miles 
south of Boston, is looking for an enthusiastic and 
charismatic individual to expand the primary, emergency 
and referral caseload. We are an established 3+ doctor 
practice that includes a board-qualified surgeon, a board-
certified equine practitioner, and a certified veterinary 
acupuncturist with a large support staff. Our 24-hour, full-
service facility supports surgical (orthopedic and soft 
tissue) and medical cases, along with four fully stocked 
trucks for our ambulatory practice. Visit www.
ssequinecclinic.com to learn more about our practice.

Candidate should be comfortable performing a thorough 
physical exam, lameness evaluation, basic nerve and joint 
injections, X-ray imaging, basic ultrasound of lower limbs 
and mare reproductive tract, dentistry, and colic 

evaluation and treatment. Reproductive knowledge and/or 
podiatry skills are desirable. Qualifications include a DVM 
or equivalent degree, completion of an internship or at 
least three years of clinical experience, ability to practice 
as a licensed veterinarian in Massachusetts and Rhode 
Island, and equine ambulatory experience. Preference will 
be given to applicants with podiatry and/or performance 
horse experience.

Emergency work is required with time shared between 
doctors as primary clinician or as back-up to the intern. 
Salary is based on experience with a base salary plus 
emergency fees and commission on production.  
Generous benefits package. For consideration, contact  
Dr. Mark Reilly at mtreilly@ssequineclinic.com; phone 
(781) 585-2611; or fax (781) 585-0611.

AAEP confers Honor Roll status upon 10 longtime members

Construction of the AAEP’s new 
headquarters next to the U.S. Pony Clubs, 
Inc., office at the Kentucky Horse Park 
moved from underground to above ground 
in late May. By mid-June, structural steel 
framing and installation of the second floor 
steel joists was well underway, with 
installation of the second floor metal 
decking and concrete floor slab expected by 
the end of June.

From the ground up

Opportunity Knocks!
Massachusetts practice seeks associate veterinarian

http://www.ssequinecclinic.com
mailto:mtreilly@ssequineclinic.com
http://www.ssequinecclinic.com


XII EQUINE VETERINARY EDUCATION / AE / JULY 2014

July 20-22, 2014

Focus on the Sport Horse
Louisville, Kentucky

AAEP Meetings and Continuing Education

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

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

Membership Benefits

September 11-13, 2014

Focus on the First Year of Life
Phoenix, Arizona

December 6-10, 2014

60th Annual Convention
Salt Lake City, Utah 

January 28-30, 2015

17th Annual Resort Symposium
Hapuna Beach Prince Hotel
Kohala Coast, Hawaii

AAEP Rounds a convenient forum to discuss specific veterinary topics

You don’t have to work through the challenges of equine 
veterinary practice alone. You can get answers and advice 
from your fellow AAEP 
members by joining the 
interactive discussion taking 
place year-round in any of 
16 AAEP Rounds.

Rounds are e-mail com-
munities centered on a 
specific topic and are an 
ideal way to exchange ideas and share expertise with 
AAEP members around the world. You can subscribe to 
the following Rounds:

In addition, you may also join the AAEP’s General Discussion 
List, which is open to a wide variety of topics of interest to 
AAEP members. For more information or to join a Round, 
log into www.aaep.org and click the “My AAEP” button.

Business Education
Complementary & 

Alternative (Integrative) 
Medicine

Dentistry
English Sport Horse
Equitarian
Infectious Disease
New Practitioners

Parenting
Podiatry
Public Auction
Purchase Exam
Racing
Reproduction/Perinatology
Solo Practitioner
Student
Western Performance Horse

http://www.aaep.org
http://www.aaep.org/info/client-education
mailto:dkirkland@aaep.org
http://www.aaep.org
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Mosquitoes may be small, but as transmitters of West Nile virus, they can cause big 
problems for your horse. Talk with your veterinarian about WEST NILE-INNOVATOR®, the 
West Nile vaccine that has helped protect more horses than any other.1 

WestNileInnovator.com/Horse

http://www.WestNileInnovator.com/Horse
http://www.WestNileInnovator.com/Horse


Highlights of recent clinically relevant papers

Insulin sensitivity following dexamethasone
K.M. Brennan and K.L. Urschell, based in Kentucky, USA, have
recently published their study which aimed to define the time
taken for insulin sensitivity to return to normal following a course
of dexamethasone therapy.

Insulin sensitivity reduces with long-term administration of
corticosteroids, but the amount of time for blood glucose,
insulin and indicators of insulin sensitivity to return to normal
has not been defined. This study aimed to monitor these
parameters after a 21-day course of dexamethasone in
order to establish the duration for which abnormal values
can be anticipated. Eight healthy horses were used in the
study: baseline blood glucose, insulin, RISQI, (reciprocal of
the square root of insulin, a proxy for insulin sensitivity) and
MIGRP (modified insulin to glucose ratio, an estimate
of pancreatic ß-cell responsiveness and insulin secretory
response), were measured. Dexamethasone (0.04 mg/kg bwt)
was administered q. 24 h per os for 21 days to each horse, with
the laboratory analyses repeated every 7 days throughout
the treatment period, every day for 6 days following
termination of treatment and then on Days 10, 12, 15 and 22
following the last dose of dexamethasone. The first day after
the dexamethasone was terminated the plasma glucose and
insulin concentrations were increased and insulin sensitivity
was lower compared to baseline values. Blood glucose and
insulin levels returned to normal at Days 2 and 3, respectively.
The MIGRP returned to normal at Day 4 and the RISQI returned
to normal at Day 15.

Despite blood glucose concentrations normalising quickly
following long-term corticosteroid therapy, this study provides
evidence that the insulin sensitivity and pancreatic response
took longer to recover.

Impact of walking surface on equine limb joints
Jose Mendez-Angulo and colleagues at the University of
Minnesota, USA, have recently published their study
evaluating the impact of walking surface on the range of
motion of equine distal limb joints for rehabilitation purposes.

In this study, the effect of 3 walking surfaces on the
flexion/extension and range of motion (ROM) of the carpus,
tarsus and fetlocks in the horse were evaluated. The
percentage of stride spent in the stance phase of sound horses
at the walk was also measured. Nine sound horses were
walked on hard ground (HD), soft ground (SF) and a land
treadmill (LT), and 5 complete gait cycles were recorded by a
digital video camera. Retro-reflective markers were placed on
the skin at 4 anatomical locations on the left fore- and
hindlimbs, and data were analysed using 2-dimensional
motion-analysis software. Maximal flexion/extension angles
and range of motion were calculated for each joint, and the
percentage of the stride spent in stance phase was
determined for each stride. Maximal flexion of the tarsus and
hind fetlock was greater on LT and SF than HD, while maximal
flexion of the carpus was greater on LT than HD and SF.
Maximal extension of the carpus was greater on HD than SF
and LT, maximal extension of the tarsus was greater on HD and
SF than LT, and maximal extension of the forelimb and hindlimb
fetlocks was greater on LT than HD and SF. The greatest overall
ROM of the carpus and fetlocks was achieved on LT, and the

greatest overall ROM of the tarsus was achieved on SF. The
stance percentage of the stride for the hindlimb was
significantly different between all surfaces. It was concluded
that walking surface influences flexion/extension of the
carpus, tarsus and fetlocks in healthy horses, which should be
considered when walking equine rehabilitation cases.

Midge-borne equine disease in the UK
In this article, M. Robin and colleagues in the UK and France
investigate Culicoides species on UK equine premises and
discuss the threat of midge-borne equine disease.

It is possible that outbreaks of exotic or novel vector-borne
viral diseases could occur more frequently within northern
Europe and the UK in the future. African horse sickness (AHS) is
a viral disease of equids transmitted by Culicoides and is
associated with up to 95% mortality. This disease has never
occurred in the UK; however, it has been suggested that
appropriate Culicoides species and climatic conditions are
present in northern Europe to support an outbreak. In this study
data was collected on the Culicoides species present on UK
equine properties and the results demonstrated the presence
of potential AHS virus vector Culicoides species on both urban
and rural equine properties within the south-east UK. PCR
analysis revealed that engorged members of these species
contained equine DNA, proving a direct vector–host
interaction.

Therefore, the authors concluded that it is possible that an
AHS outbreak could occur in the UK if the virus were to be
imported and, given the severe welfare and economic
consequences of AHS, this would have devastating
consequences to the naïve UK equine population.

Imaging of tendonitis within the tarsal sheath
Weston Davis and colleagues in the USA have recently
published their retrospective study describing the clinical and
diagnostic imaging findings for a group of horses with lateral
digital flexor tendonitis within the tarsal sheath.

Lateral digital flexor tendonitis is a rarely reported cause of
hindlimb lameness in performance horses. North Carolina
University’s medical record database was reviewed and 4
horses with a diagnosis of lateral digital flexor tendonitis and
magnetic resonance imaging (MRI) studies of the affected
region met the inclusion criteria. Lameness was mild/
moderate in severity and responses to flexion tests were
variable. All horses showed positive improvement in lameness
after tarsal sheath analgesia. Radiographic, scintigraphic and
ultrasonographic findings were inconclusive. For all horses, MRI
characteristics included increased T2, PD and STIR signal
intensity within the lateral digital flexor tendon in the area of
the tarsal sheath. Tarsal sheath effusion was slight in 3 horses,
and mild/moderate in one horse. With medical treatment, 2
horses were sound at 6-month follow-up, one horse was sound
at 1-year follow-up, and one horse had a slight persistent
lameness at 9-month follow-up. Findings supported the use of
MRI for diagnosing lateral digital flexor tendonitis within the
tarsal sheath in horses. Affected horses may have a good
prognosis for return to athletic performance following
appropriate medical treatment.
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Methods for rapid detection of Salmonella
This study by B.A. Burgess and colleagues at Colorado State
University, USA, evaluated 2 methods of enriching samples in
order to undertake a lateral flow immunoassay point of care
test to detect Salmonella enterica.

A lateral flow immunoassay produces more rapid results
than traditional culture and PCR methods and therefore would
allow more rapid intervention in positive cases. Faecal samples
were collected and pooled from 5 horses, which had been
consistently negative on faecal culture for Salmonella
infection. This sample was then inoculated with a known
concentration of a Salmonella isolate. Uninoculated faecal
samples were used as controls. All faecal samples were then
cultured using 2 different enrichment techniques; one of which
was selective and the other nonselective for Salmonella spp.
Environmental samples were also inoculated with the same
isolate; 4 different enrichment methods were assessed for
these samples. Two commercially available lateral flow
immunoassays (LFIs) for the detection of Salmonella in food
were evaluated on these samples. All negative control
samples also tested negative on both LFIs in addition to
negative culture. False negatives were detected from the LFIs
when the nonselective enrichment methods were used but
not when the selective method was used. Both LFIs could
reliably detect Salmonella enterica within 18 hours, when
appropriate enrichment techniques were applied to
inoculated samples.

This study uses experimentally inoculated samples,
therefore further testing in clinical cases is required; however,
lateral flow immunoassays have the potential to be used in the
early detection of Salmonella cases.

Stem cell treatment for stifle injury
In this prospective case series, Dora Ferris and colleagues in the
USA report the outcome of 33 horses with femorotibial lesions
(meniscal, cartilage or ligamentous) treated with surgery and
intra-articular administration of autologous bone marrow
derived mesenchymal stem cells (BMSCs).

Horses were included if they had lameness localised to the
stifle by diagnostic anaesthesia, exploratory stifle arthroscopy
and subsequent intra-articular administration of autologous
BMSCs. Case details and follow-up were obtained; 43% of
horses returned to previous level of work, 33% returned to work,
and 24% failed to return to work. Of the 24 horses with meniscal
damage 75% returned to some level of work; this is significantly
higher than previously reported (60–63%) in horses treated with
arthroscopy alone. Joint flare post injection was reported in 3
horses but no long-term effects were noted.

The authors concluded that intra-articular administration of
BMSCs post operatively for stifle lesions appeared to be safe,
with morbidity being similar to that of other biologic agents.
Improvement in ability to return to work may be realised with

BMSC treatment compared to surgery alone in horses with stifle
injury.

Surgical treatment of cryptorchidism
In this retrospective case series, Kyla Ortved and colleagues in
the USA report on the surgical management of 4 horses with
cryptorchidism caused by failure of regression of the cranial
suspensory ligament (CSL).

Two horses with unilateral cryptorchidism and 2 horses with
bilateral cryptorchidism caused by failure of regression of
the CSL were treated by removing the retained testes through
a standing laparoscopic approach (2 horses), flank
laparotomy (1 horse) or paramedian celiotomy (1 horse). After
identification of the retained testis attached to the caudal
pole of the kidney by the CSL, the vascular pedicle and ductus
deferens were ligated and removed. All testes were located in
the dorsal aspect of the abdomen just caudal to the kidney
and had a well-developed CSL. All horses recovered
successfully from surgery.

The authors concluded that failure of regression of the CSL
is an uncommon cause of cryptorchidism in horses; however,
affected horses can be treated using surgical approaches
that facilitate exploration of the dorsocaudal aspect of the
abdomen.

S. WRIGHT
EVE Editorial Office
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Editorial

Therapeutics in sport horse competition: Searching for definition

In 2011 the American Association of Equine Practitioners’
(AAEP) task force developed guidelines to help its members
recognise the veterinarian’s responsibility to the horses used for
athletic activities other than racing (http://www.aaep.org/
info/white-papers?publication-477). Recognising the wide
variety of competitive disciplines, the task force focused on
unethical and nontherapeutic administration of drugs and
medical devices in horses in active competition. The concerns
extended beyond the abuse of horses during the competition
to health and welfare issues arising during training. Much
discussion was distilled into one important statement in the
introduction. ‘Irrespective of the influence current competition
business/economic models may have on treatment protocols,
the AAEP believes that appropriate treatment of performance
horses requires accurate diagnostics and the development of
evidence-based therapeutic regimens’ (http://www.aaep.
org/info/white-papers?publication=477). This is also central to
the recommendations made by AAEP for veterinarians
working with racehorses (http://www.aaep.org/info/white
-papers?publication=479).

One of the most blatant abuses of horses in competition is
soring of Tennessee Walking Horses fostered by a ‘win at any
cost’ culture without consideration of the horse’s health or
welfare. The practice is cruel and inhumane. Although
regulations to prevent soring are in place as part of the Horse
Protection Act, soring methods, used to make horses
exaggerate their normal gait, continue to be employed,
challenging US Department of Agriculture regulators to
develop advanced detection techniques. US Department of
Agriculture is responsible for prosecuting offenders, but
evasion is common and the practice continues with new
legislation proposed in an attempt to stop the abuse. Although
this affects a relatively small number of horses, it has become
an example of how unacceptable tradition in equine
competitions can persist even with enlightened owners and
trainers. The task force did not address this issue as it was
addressed in a separate position paper, which clearly states
the practice of soring including the weighted shoeing is
unacceptable and should be banned (http://www.aaep.
org/info/white-papers?publication=485).

Abusive practices are not always as obvious in other types
of competitions and some are hidden under the cloak of
acceptable therapeutic medication. Although it is natural to
want to give horses an advantage during competition, current
practices observed across numerous disciplines encourage
administration of drugs or other nontherapeutic substances as
a way to keep horses in competition (Mitchell 2011). When
administered as a way to affect a horse’s way of going or
behaviour thereby giving an unfair advantage to the rider, use
of nontherapeutic drugs or substances can be a serious threat
to horse health and welfare. The definition becomes clouded
when the inappropriate or unethical use of therapeutic
medications, foreign substances or techniques is passed off as
medically necessary treatments. Critical to the definition of this
abuse is the independent assessment by veterinarians.

Analgesics are commonly used to decrease soreness,
mask lameness or simply to make the horse go better.

Although there is limited scientific evidence that treatment
that masks pain due to an injury exacerbates the problem,
there is no controversy about analgesics taking away the
ability for the veterinarian or rider to determine the severity
and potential for long-term damage. Unlike human
competitors, horses are unable to say it still hurts other than to
resist performing or exhibit lameness. The risk of serious injuries
or breakdown injury may not seem as important as it is in
racehorses, but serious career ending injuries do occur in
performance horses. The risk of injury or the onset of
complications related to the inappropriate use of nonsteroidal
anti-inflammatory medication increases when laymen
administer such readily available medications in the absence
of a veterinary diagnosis or supervision. Excluding the
appearance of an obvious lameness or colic, even well
informed competitors may become complacent about
potential side effects of such medications. Abuse only
increases the chance that a subclinical injury can be
exacerbated. Similar to human athletes, horses can override
pain by their willingness to compete. There must be willingness
on the part of both the competitor and veterinarian to
recognise and diagnose a problem before it becomes a
career threatening injury.

Off-label use of medications such as dexamethasone or
magnesium sulfate injections to make a horse ‘calm’ have no
objective proof of effect and is done without considering the
potential health hazards for the horse. In addition to
suppression of the immune system and healing, corticosteroids
(particularly with repeated dosing) are known to cause
psychiatric problems in man (Mitchell 2011). Magnesium
administration has been known to cause cardiac dysrhythmias
and death. These behaviour-modifying treatments (whether
they work or not) are often in response to judging opinions
about a particular way of going whether or not it represents
the horse’s natural behaviour or gait. Often it is left to
veterinarians to do what is best for the horse’s health. Unethical
administration of substances not associated with a medical
need and believing that they do no harm is negligence in
veterinary care.

The use of drugs to treat a nonspecific problem such as the
rider’s concern with ‘how the horse feels’ requires medical
judgement. In these instances where an examination does not
reveal a specific problem, veterinarians must use experience
and statistical evidence to make an objective choice about
treatment. Evaluating the response to treatment is necessary
and often helps make decisions about the problem and
whether the horse can resume competition. This is different
than responding to a request for treatment without any
examination or concern about the current health of the horse.
Observations by the competitor and veterinarian after
treatment are subject to a placebo effect. In a recent study
examining the placebo effect in dogs with osteoarthritis, 45%
of caretakers and veterinarians reported improvement in
lameness when objective measures including force plate
analysis showed no improvement (Conzemius and Evans
2012). This form of placebo effect can influence interpretation
of therapeutic benefit, which only encourages more
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treatments even when the therapy has not made a difference
and inadvertently diverts funds better dedicated to diagnosis
and treatment of legitimate health needs of the horse.

Veterinarians are aware of unneeded and unethical
practices in the sport horse world (http://www.aaep.org/info/
white-papers?publications=479). They are either asked to
participate or have become part the culture to provide the
competitive edge (Warrington and Bostwick 2006).
‘Maintenance treatments’ are common and sometimes
justified as treatment for a previously diagnosed problem, but
are an abuse if not based upon current diagnostic findings.
Prophylactic use of medication has no scientific basis. Extreme
examples include ‘tune-up treatments’ consisting of injecting
multiple joints prior to a competition even though there is no
evidence of lameness or disease. This type of abuse is defined
in the AAEP guidelines as ‘Nonspecific treatment including
multiple joint injections, without specific indication, is an
example of under diagnosis and over treatment.’ Owners and
trainers support this behaviour when they ask for treatments in
hopes of preventing lameness or improving performance.
Although the veterinarian may rationalise the administration of
medications or nontherapeutic substances as acceptable
because ‘it will do no harm’ or ‘if I don’t do it, someone else
will’, compliance leaves the veterinarian with a potential legal
liability and does the horse a disservice.

Who should define what is best for the health and welfare
of the horse in competition? Most national and international
organisations have detailed provisions for drug testing and the
allowed amounts of substances in the blood during
competition. Regulatory thresholds are based upon scientific
research and intended to prohibit the presence of a
therapeutic level of medication in the horse at the time of
competition. Fédération Équestre Internationale and US
Equestrian Federation list allowable thresholds for prohibited
and controlled substances ranging from antipsychotic to
anabolic to analgesic effects. Both Fédération Équestre
Internationale and US Equestrian Federation have established
levels of permissible drug use in the competitive environment.
Even with published limits in place, testing still identifies abuse
of medications either from ignorance or an attempt to cheat
the system.

Numerous organisations have rules to protect the horse at
competitions including provisions for husbandry and use of
equipment. Although set as an example, the question remains,
who defines appropriate care and use of drugs when horses
are not in the direct competition? What is reasonable time off
after and between competitions to prevent chronic overuse?
Is the horse’s welfare addressed during transport? The
veterinarian has the training and medical knowledge to
evaluate horses’ health objectively and establish welfare
standards. This is a new area of study for the veterinary
profession, but standards are evolving with definitions for the
physical and behavioural welfare of horses.

More research is needed to help define the needs of horses
during and between competitions. This relates to physical
health as well as behaviour. Scientific evaluation of drug levels
that affect performance is needed. Understanding the effect
of analgesics and supplements would help everyone to obey
the rules and understand how appropriate use benefits both
the horse and competitor. A concentrated effort for research

in this area is lacking. Horse owners and veterinarians need to
recognise the current opportunity to objectively define
standards for therapeutics before others do it for them. The
Racing Medication and Testing Consortium (http://www.
rmtcnet.com) serves this purpose in North American
horseracing and can serve as an example for sport horse
competition. This consortium strives to develop and promote
uniform rules, policies and testing standards at the national
level; coordinate research and educational programmes that
seek to ensure the integrity of racing and the health and
welfare of racehorses and participants; and protect the
interests of the racing public.

No matter what discipline is involved, each horse deserves
to compete with other horses that are not affected by
unscrupulous use of techniques or substances that affect
health or performance. Each of us must define and recognise
abuse of therapeutic medications in everyday practice. If we
do not articulate this abuse to educate the competitors,
today’s media will expose and alert the public, which reacts
emotionally and can lead to curtailment of the freedoms of
horse use we now enjoy. As veterinarians we have both the
opportunity and responsibility to oversee the horse’s care. A
career in properly caring for horses is a gift that equine
practitioners experience every day. Requests to administer
inappropriate medications or substances to mask pain from a
disease or injury should be denied. Knowledge of abuse should
be brought to the attention of all involved including the owner,
trainer, event manager, and governing body or association
offering competitions. Everyone competing with horses will
benefit by defining and preserving their health and welfare.
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Extensive umbilical herniation of the large colon in a foal
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Summary
A 5-month-old Warmblood cross colt was presented with focal
swelling of the ventral abdomen extending from the umbilicus
to the scrotum in the absence of colic signs. Palpation
and ultrasound examination revealed the presence of
incarcerated large intestine within the subcutaneous space
adjacent to the caudal ventral abdomen and prepuce.
Surgery was performed and revealed that the umbilical hernia
sac had ruptured, and confirmed that the left dorsal and
ventral colon were present in the subcutaneous space. The
mild degree of vascular compromise of the large colon did not
necessitate resection and so it was replaced within the
abdomen. The abdominal wall defect was closed and the
subcutaneous dead space was reduced by using a walking
suture pattern. Herniation of the large colon through the
umbilicus with dissection through the subcutaneous tissues of
the ventral abdominal wall and prepuce has not been
previously reported in foals. Ultrasonography permits
differentiation of herniated small intestine from large intestine.

Introduction
Umbilical hernias in foals are the second most common
congenital defect with approximately 0.5% of hospitalised
patients in North America (Priester et al. 1970) and up to 43% of
Dutch Warmblood foals at birth (Enzerink et al. 2000) affected.
Compared to males, females appear to have a greater risk of
developing this congenital condition (Hayes 1974; Freeman
and Spencer 1991). Hernias that are <3–5 cm in size that can
be easily reduced often resolve spontaneously by the time a
foal is aged 3–6 months (Markel et al. 1987; Orsini 1997;
Kummer and Stick 2012). Complications such as incarceration,
umbilical abscessation and enterocutaneous fistula are
reported to occur in 8.8% of umbilical hernia cases (Freeman
et al. 1988).

Incarceration of viscera occurs when the contents of
the hernia are irreducible. The jejunum and ileum are the
segments of intestine most commonly incarcerated through
an umbilical hernia leading to signs of colic (Holt 1986; Markel
et al. 1987; Freeman et al. 1988; Orsini 1997; Voermans et al.
2004; Withers and Mair 2008). Incarceration of bowel segments
other than the small intestine is rare (Markel et al. 1987;
Weigand et al. 1997). Surgical repair of hernias containing
incarcerated intestine may be performed successfully with
favourable outcome (Markel et al. 1987). It is advised to repair
defects that are >10 cm in size immediately as they are unlikely
to resolve spontaneously (Markel et al. 1987; Orsini 1997;
Kummer and Stick 2012). In this report, a foal was presented
with severe swelling of the caudoventral abdomen and
prepuce. Palpation and ultrasonographic imaging were

used to identify incarcerated large intestine within the
subcutaneous tissues of the abdomen and prepuce.
Successful surgical reduction of the incarcerated left dorsal
and ventral colons, and repair of the umbilical hernia are
described.

Case summary

History
A 5-month-old 165 kg Warmblood cross colt was referred to
The Veterinary Teaching Hospital, Institute of Veterinary, Animal
and Biomedical Sciences of Massey University with an
abdominal swelling of one day’s duration. The foal had been
quiet and signs of colic had not been observed. Normal
urination had been observed by the owner. The foal was still
suckling and had had no prior history of illness. The owner
reported presence of a reducible umbilical hernia since birth
with an abdominal defect of approximately 6 cm in diameter,
which had been manually reduced daily.

Physical examination findings
During the initial examination the colt was quiet, alert and
responsive. All clinical parameters evaluated on general
physical examination were within normal limits. There was a
nonpainful, compressible and soft swelling present in the
umbilical, inguinal and preputial areas, predominantly on the
right side. It measured approximately 40 cm long in a
cranio-caudal direction and 25 cm wide and was suspected
on palpation to be incarcerated bowel, which had migrated
subcutaneously. The prepuce was swollen and the preputial
orifice was pointing caudally (Fig 1). The left external inguinal
ring was palpable, but the subcutaneously located bowel
prevented palpation of the right external inguinal ring and the
ventral body wall in the umbilical region. An umbilical hernia
was suspected, but a right inguinal hernia could not be
definitively ruled out.

Ultrasonography
Ultrasound examination was performed in the standing,
unsedated foal. Findings were consistent with the presence of
thickened large intestine in the subcutaneous space of the
ventral abdomen and penile sheath (Fig 2). Due to the limited
space between the swollen penile sheath and the hind leg of
the foal it was not possible to determine if the foal had an
umbilical or a right inguinal hernia.

Treatment
Open surgical reduction was recommended and owner
consent was obtained. An intravenous catheter was placed in
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the left jugular vein and the foal was administered gentamicin
sulphate (Gentavet 1001 6.6 mg/kg bwt i.v.), benzylpenicillin
sodium (Penicillin G Sodium2 22,000 iu/kg bwt i.v.) and flunixin
meglumine (Flunixin injection3 1.1 mg/kg bwt i.v.). A
continuous i.v. infusion of Hartmann’s solution4 was started
prior to surgery (7 ml/kg bwt/h) and continued under general
anaesthesia (10 ml/kg bwt/h).

The foal was premedicated with xylazine HCl (Xylaze 1001

1.1 mg/kg bwt i.v.), induced with ketamine HCl (Ketamine
injection5 2.2 mg/kg bwt i.v.) and diazepam (Pamlin injection6

0.05 mg/kg bwt i.v.) and was placed in dorsal recumbency.
Anaesthesia was maintained with isoflurane (Attane1) in
oxygen, delivered via an endotracheal tube. The bladder was
catheterised and the prepuce was closed around the
catheter with a purse string suture and fixed caudally (Fig 3).
The ventral abdomen was clipped and aseptically prepared.
A 10 cm diameter elliptical skin incision was made around the
umbilicus and the skin was removed. Upon inspection a
ruptured umbilical hernia was observed, which had resulted in
caudal subcutaneous dissection of the pelvic flexure and
approximately 45 cm of the left ventral and dorsal colons
through the 6 cm abdominal wall defect. The pelvic flexure
was located next to the right external inguinal ring in the
subcutaneous space. The abdominal skin incision was
extended caudally along the ventral midline to the cranial
border of the prepuce to a total length of approximately
25 cm. The colon was exteriorised and assessed for viability
(Fig 4). Although there were serosal petechial haemorrhages
and oedema of the mesocolon as well as the colonic wall, the
colon was visually deemed viable. The umbilical hernial ring
was extended caudally with a 4 cm linear incision of the linea
alba to allow replacement of the herniated colon within the
abdomen in the correct orientation after lavage with saline.

Carboxymethylcellulose (0.5 l) was instilled into the
abdomen to reduce the risk of post operative adhesion
formation. The hernial sac was resected, the linea alba and

Fig 1: Caudal view of the foal showing the extent of swelling of the
prepuce. The urethral orifice is visible at the tip of the penis, which
is just visible within the preputial fold.

Fig 2: Short-axis cross-sectional transcutaneous ultrasound image
of the swollen prepuce. The transducer was held on the right lateral
surface of the prepuce 5 cm distal from the body wall with the
beam directed dorsomedially towards the abdomen. Herniated
large intestine surrounded by hypoechoic fluid (thin white arrow) is
imaged within the prepuce (thick white arrow). The large intestinal
wall is thickened and oedematous measuring 9 mm (white bar).
The image was obtained using a 2–5 MHz sector scanner
transducer.

Fig 3: The anaesthetised foal in dorsal recumbency illustrating the
extent of subcutaneous swelling from the umbilicus cranially, to the
right external inguinal ring caudally. The prepuce has been
retracted caudally.
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the hernial margins were closed using 3 polyglactin 910
(Vicryl7) in a simple continuous pattern. A walking suture
pattern with 3-0 poliglecaprone 25 (Monocryl7) was used
to obliterate where possible the subcutaneous dead
space created by the herniated intestine. The incisional
subcutaneous tissue and skin were closed with 2-0 and 3-0
poliglecaprone 25 (Monocryl7) respectively in a simple
continuous pattern.

Post operative treatment
The foal recovered uneventfully from anaesthesia. Intravenous
antimicrobials (gentamicin sulphate 6.6 mg/kg bwt i.v. q. 24 h
for 2 days and benzylpenicillin sodium 22,000 iu/kg bwt i.v.
q. 6 h for 5 days), and anti-inflammatory drugs (flunixin
meglumine 1.1 mg/kg bwt i.v. q. 12 h for 5 days) were
administered post operatively. Perioperative swelling of the
incision site was minimal, although the prepuce continued to
remain swollen caudal to the preputial orifice and the penis
could not be fully retracted. The penis was elevated within the
prepuce in a sling during the day and cold therapy was
administered via an ice pack wrapped in a wet towel 4 times
a day. As the swelling in the prepuce had not resolved by 6
days post surgery, an ultrasound examination was performed
under standing sedation (xylazine HCl, Xylaze 1001 0.5 mg/kg
bwt i.v.). A large anechoic fluid filled pocket was identified at
the most ventral point caudal to the preputial orifice. The skin
was aseptically prepared and a 3 cm long incision was made
at the most dependant point. Approximately 50 ml of clear,
serous fluid was drained. The subcutaneous pocket was
flushed twice daily with a dilute solution of povidone iodine
until the incision healed.

Oral antimicrobial treatment was initiated (trimethoprim
sulfamethoxazole Trimsulb Powder8 20 mg/kg bwt per os q.

12 h) and continued for a total of 7 days. Flunixin meglumine
(1.1 mg/kg bwt per os q. 12 h for 3 days) was continued. The
foal became progressively more comfortable and was able to
completely retract his penis after 2 days, although a moderate
swelling persisted. The foal was discharged from hospital 12
days post surgery. The owner reported that following turnout
in a small paddock 30 days post operatively the residual
swelling resolved. Eight months after surgery the colt had fully
recovered and no residual cosmetic signs of the surgery were
visible.

Discussion
Most umbilical hernias are small and reducible and disappear
spontaneously as the animal matures (Markel et al. 1987;
Kummer and Stick 2012). Compared to cattle, foals have a low
occurrence of umbilical hernias and show few complications
related to their repair (Fretz et al. 1983). Direct umbilical
herniation typically occurs when a tear develops in the
umbilical sac. This allows intestine to travel into the
subcutaneous tissue of the ventral abdominal wall. In most
reported cases the intestinal segment involved is either
jejunum or ileum, although the caecum, ventral colon or
omentum may be involved (Freeman et al. 1988; Markel et al.
1987; Orsini 1997). The animal can become uncomfortable if
the intestine becomes strangulated, and this then becomes a
surgical emergency as the blood supply to the intestine is
compromised. In our case, a large portion of the large intestine
was involved and the rupture of the sac of the original hernia
occurred and developed over a period of approximately 24 h
without the foal showing any signs of colic. With the abdominal
defect being only 6 cm in diameter it was interesting to note
how the entire left dorsal and ventral colon had passed
through this relatively small opening and that blood supply to
the colon had not been compromised. Based on the previous
history of an umbilical hernia it was decided to commence
surgery with a ventral midline incision and by resecting an
elliptical skin portion as for an umbilical hernia correction. A
complete abdominal exploration was not deemed necessary
in this case due to the lack of colic signs and the healthy
appearance of the herniated bowel.

Ultrasonography is a valuable noninvasive tool to identify
structures involved in a hernia (Orsini 1997; Rijkenhuizen et al.
1997; Voermans et al. 2004; Kummer and Stick 2012).
Ultrasonography was useful in this case in allowing rapid
identification of the incarcerated structure and supporting the
decision for surgical intervention. Although subcutaneous
ventral dissection by intestine into the scrotum, prepuce or
down the medial aspect of the hind leg is possible with a
ruptured inguinal hernia, it is uncommon for intestine herniated
through an umbilical defect to travel as far as the prepuce
and inguinal ring. In cases where large bowel is involved in
umbilical herniation usually only a part of the circumference of
the bowel is entrapped (Bristol 1994; Rijkenhuizen et al. 1997)
and this is classified as Richter’s hernia. When necrosis of the
herniated segment occurs, abscessation and fistulation may
develop. Richter’s hernias can develop spontaneously
(Freeman et al. 1988) but can also be iatrogenic by
misplacement of hernia clamps or by incising bowel
erroneously diagnosed as an umbilical abscess (Bristol 1994).

One of the challenges in this case was the extent of dead
space in the subcutaneous tissue created by migration of the
colon. A considerable amount of time during surgery was
spent closing the dead space using a walking suture pattern.

Fig 4: Herniated left dorsal and ventral colon showing the abnormal
serosal colour, mild oedema and hyperaemia around the
mesenteric vessels.
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A drain could have been used in this case to reduce fluid
pooling. An active closed suction drain was deemed difficult
to maintain in a foal that was periodically recumbent and a
Penrose drain could have potentially increased the chances
of infection post operatively. A small area of dead space
between the body wall and the sheath could not be closed
due to poor access and after surgery this area developed a
seroma. Post operative problems previously reported include
incisional hernias, dehiscence of the body wall, subcutaneous
incisional infection, pneumonia and complications related to
anastomosis, adhesion formation, intestinal obstruction,
electrolyte imbalances, laminitis and peritonitis (Markel et al.
1987). Markel et al. (1987) also described a case of umbilical
herniation where approximately 160 cm of jejunum was
located subcutaneously in the prepuce. No information was
provided on management of the dead space either surgically
or post operatively in that report. An abdominal support
bandage is indicated for 48 h to reduce oedema and dead
space (Weese 2008; Kummer and Stick 2012). Although
attempted in this case, it proved challenging to establish
appropriate pressure onto the surgical area without
preventing urination or without causing urine contamination of
the bandage due to the proximity of the penis. Closing the
dead space surgically was considered the most effective way
to reduce the risk of seroma formation in this case.

This report describes a case of a direct herniation of the
large colon in which the position of the herniated intestine
resulted in the complication of preputial swelling and
paraphimosis. Direct umbilical herniation of the large intestine
should be considered in the differential diagnosis of large
ventral subcutaneous masses in foals.
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A heterogeneous group of congenital abnormalities have
been reported to rarely result in gastrointestinal disease in
horses. Abdominal hernias, vitelline anomalies and intestinal
atresia are more common than mesenteric anomalies,
malformations, duplication cysts and rotation deformity.
Despite the fact that, by definition, congenital defects are
present from birth, clinical signs may occur at any point during
the lifetime of a horse. Because the portion of the
gastrointestinal tract affected and degree of vascular
compromise and luminal obstruction are variable, signs of
colic may, or may not, be present. For example, the case
described in this issue was a 5-month-old foal that presented
for swelling rather than colic, despite involvement of a
significant portion of the large colon (Bodaan et al. 2014).

Congenital umbilical, inguinal and diaphragmatic hernias
have been previously described in horses. Umbilical hernias
are discussed by Bodaan et al. (2014) in the accompanying
article. Congenital inguinal hernias are usually evident soon
after birth in colts. Most are indirect hernias meaning that the
intestine goes through a normal opening (the vaginal tunic)
and remains within an intact peritoneal hernia sac. They
typically resolve within weeks to months with conservative
treatment consisting of stall rest and frequent manual
reduction with or without bandaging. However, direct
(intestine goes through an unnatural opening) or indirect
hernias with ruptured peritoneal sacs have been previously
described (Spurlock and Robertson 1988; van der Velden
1988). Emergency surgical repair should be performed if the
hernia is incarcerated (nonreducible) and/or there are signs of
strangulation such as heat, pain, oedema and colic. These
signs may be associated with a direct or ruptured indirect
hernia. Surgical treatment should also be considered if the
hernia fails to respond to conservative treatment and/or
increases in size during conservative management.
Congenital diaphragmatic hernias are expected to be smaller
with smooth edges compared to acquired diaphragmatic
hernias but the distinction can be difficult to make. Morgagni
hernias, a specific congenital diaphragmatic hernia involving
the retrosternal portion of the diaphragm, have been
described in 3 horses (Pauwels et al. 2007). Horses with
diaphragmatic hernias are likely to present with signs of acute
colic and/or respiratory distress. Less frequently, they can have
more chronic clinical signs. Diagnosis of diaphragmatic
herniation prior to surgical exploration can be difficult. The
largest retrospective series to date indicates that prognosis for
horses presenting for surgical repair of diaphragmatic
herniation is poor (Romero and Rodgerson 2010). However, the
3 horses with Morgagni hernias were managed successfully
(Pauwels et al. 2007).

Mesodiverticular bands and Meckel’s diverticula are
vitelline anomalies reported in horses. If a vitelline artery with its

associated mesentery fails to atrophy during early embryonic
development, a mesodiverticular band from the mesentery to
the antimesenteric surface of the small intestine (usually distal
jejunum) will remain. Mesodiverticular bands can result in colic
when small intestine becomes entrapped and strangulated
within a rent in the band or a small intestinal volvulus is caused
by the mesenteric shortening (Freeman et al. 1979). If the
vitelline duct fails to completely regress during early embryonic
development a Meckel’s diverticulum occurs. A Meckel’s
diverticulum is a blind extension off the antimesenteric aspect
of the distal jejunum or proximal ileum that may have a fibrous
connection to the umbilicus (vitello-umbilical band). Horses
with Meckel’s diverticulum may be asymptomatic or have
colic associated with peritonitis secondary to impaction and
rupture of the diverticulum or strangulation of the small
intestine by the diverticulum or volvulus nodosus with the
diverticulum as the axis (Freeman et al. 1979; Sprinkle et al.
1984; Weaver 1987; Hooper 1989; Behrens 1996; Barakzai et al.
2003).

Atresia of the large, transverse and small colon as well as
the rectum and anus have been identified in foals. Foals with
atresia present with colic and straining to defaecate (except
in cases of atresia ani with a rectovaginal fistula) early in life.
Foals with atresia coli and ani may have additional congenital
abnormalities (Chaudhry and Cheema 1980; Schneider et al.
1981; Kingston and Park 1982; Brown et al. 1988; Young et al.
1992). Diagnosis of atresia coli is based on failure to pass any
meconium and no meconium staining after enemas
combined with contrast radiography. Surgical treatment of
atresia coli is often unsuccessful (Schneider et al. 1981; Cho
and Taylor 1986; Young et al. 1992). Atresia coli and recti can
often be diagnosed on physical examination and/or digital
rectal examination. Prognosis for life with atresia ani is good
with surgery but anal sphincter function may not be normal
(Freeman 2012).

Mesenteric anomalies and malformations of the large
intestine, duplication cysts of the oesophagus and large colon
and a single rotation deformity of the gastrointestinal tract
have been identified in very small numbers of horses.
Mesenteric defects and anomalies of the caecum and colon
have been proposed to have congenital and traumatic
causes. In these cases, colic has been caused by
displacement, volvulus and vascular compromise (Harrison
1989; Ross and Bayha 1992; Brommer et al. 2002; Bosch and
van der Velden 2004; Knowles and Mair 2009). There is a single
case report of a congenital malformation of the large colon
resulting in colic (Suann and Livesey 1986) and the authors of a
recent textbook chapter report similar findings (Rakestraw and
Hardy 2012). Duplication cysts are tubular bowel segments
that share a wall and may communicate with the lumen of the
normal bowel. Three cases of oesophageal duplications cysts
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(Orsini et al. 1988; Peek et al. 1995; Fontaine et al. 1996) and
one case of a duplication cyst of the ascending colon
(Bassage et al. 2000) have been previously reported. Notably,
the horse with the duplication cyst of the ascending colon was
27-years-old at the time of presentation for colic. There is one
case report of a rotation defect of the gastrointestinal tract in
a neonatal foal (Dahlberg et al. 2009).

Congenital causes of gastrointestinal disease are
uncommon. Although frequently the presenting complaint will
involve colic in a young horse, clinical signs and age of onset
are variable. Information on prognosis is limited in most
diseases due to rarity.
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Summary
A Percheron mare was presented for acute, severe lameness
and marked swelling of the right forelimb after being cast. The
mare was initially diagnosed with cellulitis of the forelimb but
as her condition improved and the affected limb was able to
bear more weight it became apparent that the limb was
hyperextended at the level of the carpus. Widening of the
palmar aspect of the middle carpal joint was observed
radiographically. During ultrasonographic examination,
excessive fluid in the carpal sheath and perithecal swelling
were noted and tearing of the palmar carpal ligament was
suspected. A dynamic brace was fabricated to prevent
hyperextension of the carpus. After discontinuation of systemic
antibiotics, the mare became febrile and forelimb lameness
worsened. Cytology of fluid from the middle carpal joint
confirmed joint sepsis and the mare was anaesthetised for
arthroscopic examination. A tear in the palmar carpal
ligament, characterised by focal fibre disruption and
fibrillation, was identified during arthroscopic and tenoscopic
examination. Communication between the carpal flexor
tendon sheath and middle carpal joint was identified during
these procedures. Both the middle carpal joint and carpal
flexor tendon sheath were lavaged with physiological saline
solution. Post operatively, swelling and lameness slowly
resolved. Four months after discharge, the mare was
sufficiently sound to be maintained at pasture. Viewed from its
lateral aspect, the limb no longer appeared to be
hyperextended from the carpus.

Introduction
Hyperextension of the carpus is a rare condition in the
horse. Extension is maximal during weightbearing and is
limited by tension of the flexor tendons, collateral and
intermediate carpal ligaments and the palmar carpal
ligament (PCL) (Dyce et al. 1987; Barone 2001). The PCL is the
very thick and dense palmar portion of the fibrous joint
capsule (Sisson and Grossman 1969; Dyce et al. 1987; Wright
1995; Barone 2001). This ligament is closely attached to the
carpal bones and fills the skeletal irregularities to form the
smooth dorsal wall of the carpal canal (Dyce et al. 1987;
Wright 1995). It continues distally to form the accessory
(inferior check) ligament of the deep digital flexor tendon
(Sisson and Grossman 1969).

Reports of lesions affecting the PCL are rare and there are
no reports of horses surviving rupture of this ligament. Definitive
diagnosis of rupture of the PCL in horses has been made only
during post mortem examination. This report describes the
diagnosis of a PCL tear in a Percheron mare and successful
treatment of that mare.

Case history
A 10-year-old Percheron mare was examined for sudden onset
of right forelimb swelling and lameness, fever (40.5°C) and
tachycardia (120 beats/min). Three days before onset of signs,
the mare was treated for left forelimb lameness caused by a
subsolar abscess. On the day of referral, the mare was found
cast with abrasions on her head and hip. Her right shoulder
and antebrachium were markedly swollen and she was
reluctant to bear weight on the swollen limb. She was treated
with flunixin meglumine (Banamine)1, 1 mg/kg bwt i.v. and
referred for further evaluation.

Clinical findings
The mare was in good body condition and at a walk showed
right forelimb lameness (grade 4/5). Rectal temperature
(40.1°C), heart rate (92 beats/min) and respiratory rate (64
breaths/min) were elevated. The right forelimb proximal to the
carpus was markedly swollen, warm and firm on palpation.
No other abnormal findings were noted during physical
examination.

Laboratory findings
Packed cell volume was 36% and plasma total protein 76 g/l.
Complete blood count revealed a stress leucogram
(neutrophilia with 11.7 cells × 109/l and lymphopenia with 1.0
cells x 109/l).

Radiographic findings and initial diagnosis
Standard radiographic views of the right carpus, metacarpus
and elbow were obtained. There was extensive soft tissue
swelling of the carpus involving periarticular structures.
Osteophytes were present on the dorsal and medial aspect of
the third carpal bone and proximal third metacarpal bone.
There was evidence of previous periostitis associated with the
proximal aspect of the second metacarpal bone. Based upon
results of the physical examination, lameness was attributed to
cellulitis of the right forelimb.

Treatment and clinical course

Initial medical treatment
Flunixin meglumine (Banamine)1 1.1 mg/kg bwt i.v. q. 12 h was
administered for 48 h and then phenylbutazone (Equi-Phar)2

2.2 mg/kg bwt q.12 h. Butorphanol (Butorphic)3 was
administered intermittently during the first 5 days when signs of
pain seemed severe. Antimicrobial therapy was initiated with
oxytetracycline (LA-200)4 6.6 mg/kg bwt i.v. q. 24 h for 48 h, but
poor response to therapy prompted a switch to potassium
penicillin5 22,000 iu/kg bwt i.v. q. 6 h and gentamicin6
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6.6 mg/kg bwt i.v. q. 24 h. An osmotic sweat bandage of
isopropyl alcohol and plastic food wrap covered with quilt
pads was applied to the affected limb from the foot to
mid-antebrachium. During hospitalisation, a sling system was
used to help the mare stand and supply support to decrease
weight born by the right forelimb.

As the swelling decreased and the weight borne by the
right forelimb increased, carpal hyperextension became

a)

b)

Fig 1: a) Radiograph obtained at the time of admission. There is a
motion artefact apparent. This radiograph shows the presence of
soft tissue swelling that was thought to be both articular as well as
periarticular in origin. b) Radiograph obtained 4 days after
admission. There has been a reduction in the amount of soft tissue
swelling. Carpal hyperextension is now evident including widening
of the palmar aspect of the middle carpal joint (black arrowhead)
as well as mild palmar displacement of the proximal row of carpal
bones.

a)

b)

c)

Fig 2: Photograph of the articulated brace. a) Brace placed on the
palmar aspect of the carpus of the mare, b) brace with the casting
material. and c) brace without casting material.
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obvious. By Day 4, swelling of the affected limb had
decreased and was confined to the carpal region.
Radiographic examination of the carpus was repeated and
widening of the palmar aspect of the middle carpal joint was
noted (Fig 1) along with mild palmar displacement of the
proximal row of carpal bones. Ultrasonographic examination
of the carpus confirmed joint distention as well as distention
of the carpal flexor tendon sheath. Tearing of the palmar
carpal ligament was suspected as a cause of clinical,
radiographic and ultrasonographic signs. A dynamic brace
was fabricated and fitted to the limb to prevent
hyperextension at the joint (Fig 2). Streptococcus equi
subspecies zooepidemicus was cultured from fluid collected
on Day 3 from a subcutaneous aspirate.

After a week of treatment, the mare’s clinical status was
considerably improved and antimicrobial therapy was
discontinued. Three days later, increased lameness and fever
were detected. Synoviocenteses of the middle carpal and
antebrachiocarpal joints were performed. Synovial fluid from

the middle carpal joint was cloudy and analysis indicated
septic inflammation (56 g/l total protein; 129.61 nucleated
cells × 109/l; 95% neutrophils). Synovial fluid from the
antebrachiocarpal joint contained 43 g/l protein and 1.66
nucleated cells × 109/l, most of which (68%) were neutrophils.
Complete blood cell count revealed leucocytosis (24.31 cells ×
109/l) and neutrophilia (23.581 cells × 109/l). With the mare
standing, the middle carpal joint was flushed every other day
with physiological saline solution (PSS) (1 l 0.9% NaCl)
and initially infused with amikacin7 (1 g) after the flush.
Intravenous regional perfusion of the carpus was performed
with gentamicin6 (2 g) every other day. Streptococcus equi
subspecies zooepidemicus was cultured from synovial fluid
aspirated from the middle carpal joint and was reported to be
sensitive to all antimicrobial drugs tested with the exception of
amikacin. Therefore, the joint was infused with potassium
penicillin (5 × 106 iu) after flushing.

During ultrasonographic examination on Day 13 of
hospitalisation, distention of the middle carpal joint and

a)

C

SDFT

DDFT

FCRT

PCL

IC
PROX DIST

FCRT

PCL

IC

PROX DIST

b)

Fig 3: Ultrasound image of the palmar aspect of the carpus at the
level of the middle carpal joint showing thickening of the palmar
carpal ligament with indistinct borders suggestive of desmitis. The
central hypoechoic region was thought to represent an area of
fibre disruption. In this image, it is partially influenced by a focal
hyperechoic area on the palmar surface of the ligament
secondary to a reverberation artifact from gas likely associated
with recent injections into the middle carpal joint. The ligament
also lacks the normal taut appearance and looks to partially
‘drape’ into the middle carpal joint suggesting stretching or partial
tearing of the ligament. b) Normal PCL from a sound horse for
comparison viewed at a similar level and degree of extension. This
was a necropsy specimen with the flexor tendons removed to
allow definitive evaluation of the PCL. Note the uniform structure to

the PCL and relatively linear and taut appearance. IC: Middle carpal joint; PCL: Palmar carpal ligament; FCRT: tendon of the flexor carpi
radialis muscle; DDFT: Deep digital flexor tendon; SDFT: Superficial digital flexor tendon; C: Palmar branch of the median vein.
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carpal flexor tendon sheath were again observed. There
appeared to be thickening of the palmar carpal ligament
which had ill-defined borders (Fig 3). There was a consistent
central hypoechoic region within the ligament at the
proximal aspect, evident on multiple imaging planes. The
ligament appeared lax, suggesting stretching or partial
tearing. This distal portion of the ligament had a more normal
organised appearance. These ultrasonographic findings were
supportive of desmitis and a partial tear of the PCL.
Arthroscopic evaluation and lavage of the middle carpal
joint was proposed to treat the septic inflammation, but only
after persistence of the lameness, fever and tachycardia
for an additional 3 days did the owner agree to the
procedure. It was suggested that the carpal flexor sheath be
concurrently evaluated tenoscopically because of the
effusion and changes within the palmar carpal ligament seen
during ultrasonographic evaluation.

Surgical management
On Day 16, the carpal flexor tendon sheath and middle carpal
joint were explored arthroscopically. The patient was sedated
with 100 mg/kg bwt xylazine (AnaSed)8 and 5 mg/kg bwt
butorphanol (Butorphic)3 administered i.v. and anaesthetised
with 1700 mg/kg bwt ketamine (Ketaset)3 and 15 mg/kg bwt
diazepam9 administered i.v. The mare was placed in dorsal
recumbency and maintained under general anaesthesia with
isoflurane10 inhalant anaesthetic and oxygen.

Because of infection within the middle carpal joint, the
carpal flexor sheath was examined first. During tenoscopic
examination of the carpal flexor tendon sheath (Cauvin et al.
1997b; Southwood et al. 1998), a tear in the PCL was identified.
Fibre disruption and fibrillation of the palmar aspect of the
ligament were visible (Fig 4). In addition, the tear appeared to
directly connect the carpal flexor tendon sheath and the
middle carpal joint. During tenoscopic examination of the
synovial membrane, the carpal flexor tendon sheath
appeared thickened and inflamed. The disrupted fibres of the
PCL were lightly debrided and fibrin and proliferative synovial
membrane present within the sheath partially removed. When
an arthroscopic probe was inserted through the tear in the
PCL, the palmar aspect of the carpal bones could be felt. The
carpal flexor tendon sheath was lavaged with 3 l of PSS.

During arthroscopic examination of the middle carpal joint
(McIlwraith et al. 2005), mild to moderate articular cartilage
wear and erosion were identified, especially on the dorsal
aspect of the third carpal bone. The medial palmar intercarpal
ligament appeared disrupted and the radial and third carpal
bones remained in contact despite moderate joint flexion
during the exploration (Fig 5). The joint capsule was thickened
and inflamed similar to that observed within the carpal flexor
sheath. Communication between the carpal sheath and
middle carpal joint was confirmed by observing methylene
blue dye11, entering the middle carpal joint through the area
of the lateral palmar intercarpal carpal ligament after 4 ml of
dye was injected into the carpal sheath. The palmar aspect of
the joint was not examined due to duration of anaesthesia
and because it had been partially explored through the
tear in the palmar carpal ligament during tenoscopy of the
carpal flexor sheath. No other significant abnormalities were
identified in the middle carpal joint. The joint was lavaged with
5 l of PSS. A 15 Fr Jackson-Pratt drain12 was placed into the
carpal flexor sheath through the proximal tenoscopic portal
and secured in place with suture. A full limb sterile bandage

cast was applied prior to anaesthetic recovery. The mare
recovered uneventfully, unassisted, from general anaesthesia.
After the mare was standing the cast was split and its dorsal
aspect removed to create a splint.

Post operative progress
Anti-inflammatory therapy was continued with
phenylbutazone14 (2.2 mg/kg bwt per os q. 12 h and then q.
24 h). Potassium penicillin5 (10 million iu/kg bwt q. 6 h) was
administered intrasynovially via the drain within the carpal
flexor sheath (Fig 6). The limb was maintained bandaged and
splinted during the post operative period. On Day 23 the drain

DIST

PCL

DDFT

PROX

Fig 4: Picture taken during tenoscopy of the carpal flexor sheath
looking through the tear in the palmar carpal ligament. Synovial
proliferation can be seen in the palmar pouch of the middle carpal
joint (black arrow). DDFT: Deep digital flexor tendon; PCL: Palmar
carpal ligament.

DIST

B

C

A

PROX

Fig 5: Middle carpal joint during arthroscopy (view from the
dorsolateral arthroscopic portal). Disruption of the medial palmar
intercarpal ligament (black arrow) along with haemorrhage and
blood clot formation is observed. A: Intermediate carpal bone;
B: third carpal bone; C: radial carpal bone. Note persistent contact
between the radial carpal and third carpal bones during moderate
carpal flexion.
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was removed and local antimicrobial therapy discontinued.
One month after admission the mare was discharged with the
limb supported by a splint.

Outcome
For an additional 2 months the mare was confined to a stall
with the limb splinted. Because fever was detected within the
first 24 h after discharge, trimethroprim-sulfamethoxazole
(30 mg/kg bwt per os q. 12 h) was administered for 3 weeks.
Serial radiographic examinations revealed progressive new
bone production and periarticular osteophytes on the dorsal,
dorsomedial and dorsolateral surfaces of the radial and third
carpal bones as well as the proximal third metacarpal bone.
These changes were consistent with progressive degenerative
joint disease of the middle and carpometacarpal joints (Fig 7).
During serial ultrasonographic examination an improvement of
the appearance of the palmar carpal ligament and resolution
of the tenosynovitis of the carpal sheath could be seen. Four
months after discharge, the mare appeared to be sound at a
walk but mildly lame in the left forelimb at a trot. No attempt
was made to resolve this lameness with diagnostic analgesia
to assess soundness of the right forelimb. The mare was
considered sufficiently sound to be maintained at pasture.

Discussion
Lesions affecting the PCL in horses are rarely reported. A
bilateral rupture of the PCL associated with severe traumatic

Fig 6: Gross appearance of the right forelimb hyperextension. The
drain placed in the carpal sheath to administer intrasynovial
therapy in the carpal tendon sheath can be observed.

a)

b)

c)

Fig 7: DMPLO (a) DLPMO (b) and oblique lateral (c) views of the
right carpus. There is evidence of progressive new bone production
involving the intermediate carpal and carpometacarpal joints
consistent with degenerative joint disease. Given the degree of
progression, this is likely secondary to the previous septic arthritis.
Subjectively, the previously noted hyperextension is not evident in
these views.
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hyperextension of the carpus in a yearling Thoroughbred after
jumping a gate has been previously described (Wright 1995).
Recently, a bilateral rupture of the PCL in a horse suffering from
acute diaphragmatic hernia was reported (Pepe et al. 2013).
For this horse the cause of the PCL rupture was thought to be
a consequence of excessive strain on the carpi caused by
abnormal body posture adopted to relieve thoracic pain and
respiratory distress; however, an acute traumatic cause in this
case could not be excluded.

To our knowledge, this is the first report of a unilateral injury
of the PCL in a horse. The cause of the ligament injury
in this horse was not determined. Rupture may have
occurred before admission. However, radiographic signs of
hyperextension were not observed at admission. Decreased
weightbearing and severe swelling of the limb at admission
could have masked abnormal limb conformation with
hyperextension becoming more apparent as weightbearing
increased and limb swelling decreased.

A complication in this case was sepsis of the middle carpal
joint. As the PCL is part of the carpal joint capsule, a full
thickness tear of the PCL will create a direct communication of
a carpal joint with the carpal flexor sheath, as was
demonstrated during arthroscopic exploration in this case. If
the cellulitis initially affected the carpal flexor sheath, the
septic process could have reached the middle carpal joint
through the tear in the PCL.

The hyperextension observed in the mare of this report was
not as severe as that described in previous reports. This could
be due to the unilateral injury and extent of the lesion. The
collateral ligaments are considered to be the major
contributors to the restraint of carpal joint displacement,
whereas the palmar intercarpal ligaments play an important
role compared to the PCL despite its larger cross-sectional
area (Whitton and Rose 2006). Lack of this support is theorised
to have resulted in the abnormal orientation of the radial
and third carpal bones despite flexion during arthroscopic
evaluation of the intermediate carpal joint (Fig 5). Normally
articular facets of these carpal bones separate during carpal
flexion. Evidence of disease of other structures involved in
the stability of the carpal joint, including flexor tendons
and collateral ligaments, was not observed during
ultrasonographic examination.

Ultrasonographic examination of the PCL has been
previously described (Cauvin et al. 1997a). Desmitis of the
PCL was diagnosed by ultrasonography (Denoix and Audigie
1993) when increased thickness and hypoechogenicity of
the ligament was observed. Desmitis of the PCL can be
accompanied by a desmitis of the inferior check ligament
(Denoix and Audigie 1993). In the case reported here desmitis
with a concurrent partial tear in the PCL was suspected based
on ultrasonographic examination. Arthroscopic examination is
considered the best method to diagnose intercarpal ligament
injury (Whitton et al. 2006).

The mare within this report recovered sufficiently to
be maintained at pasture. Whether or not an athletic or
working horse could recover sufficiently to return to use is
questionable.

Authors’ declaration of interests
No conflicts of interest have been declared.

Manufacturers’ addresses
1Schering-Plough Animal Health Corp. Union, New Jersey, USA.
2Vedco Inc. St. Joseph, Missouri, USA.
3Fort Dodge Animal Health, Fort Dodge, Iowa, USA.
4Pfizer Animal Health, New York, USA.
5G.C. Hanford Mfg Co. Syracuse, New York, USA.
6Sparhuawk Laboratories Inc. Lenexa, Kansas, USA.
7Teva Parenteral Medicines Inc. Irvine, California, USA.
8Lloyd Laboratories, Shenandoah, Iowa, USA.
9Hospira Inc. Lake Forest, Illinois, USA.
10Piramal Healthcare Limited, Andhra Pradesh, India.
11American Regent Inc., Shirley, New Jersey, USA.
12Bimeda Inc., Le Sueur, Minnesota, USA.
13Cardinal Health, McGaw Park, Illinois, USA.
14MWI Veterinary Supply, Boise, Idaho, USA.

References
Barone, R. (2001) Anatomia Comparata Degli Animali Domestici,

Edagricole, Bologna, Italy. pp 96-114.

Cauvin, E.R., Munroe, G.A., Boswell, J. and Boyd, J.S. (1997a) Gross and
ultrasonographic anatomy of the carpal flexor tendon sheath in
horses. Vet. Rec. 141, 489-495.

Cauvin, E.R., Munroe, G.A. and Boyd, J.S. (1997b) Endoscopic
examination of the carpal flexor tendon sheath in horses. Equine
Vet. J. 29, 459-466.

Denoix, J.M. and Audigie, F. (1993) Ultrasonographic examination of the
carpus in the horse: abnormal findings in 45 clinical cases. Pract. Vet.
Equine 25, 193-203.

Dyce, L., Sack, W. and Wensing, C. (1987) The forelimb of the horse.
In: Textbook of Veterinary Anatomy, Saunders Elsevier, Philadelphia.
pp 550-554.

McIlwraith, C.W., Nixon, A.J., Wright, I.M. and Boening, K.J. (Eds) (2005)
Diagnostic and surgical arthroscopy of the carpal joints. In:
Diagnostic and Surgical Arthroscopy in the Horse, 3rd edn, Mosby
Elsevier, Philadelphia. pp 47-127.

Pepe, M., Beccati, F., Gialletti, R. and Moriconi, F. (2013) Bilateral rupture
of the palmar carpal ligament in a horse suffering from acute
diaphragmatic hernia. J. Equine Vet. Sci. 33, 57-61.

Sisson, S. and Grossman, J.D. (Eds) (1969) The articulations of the horse.
In: The Anatomy of the Domestic Animals, Saunders, Philadelphia.
pp 222-319.

Southwood, L.L., Stashak, T.S. and Kainer, R.A. (1998) Tenoscopic
anatomy of the equine carpal flexor tendon sheath. Vet. Surg. 27,
150-157.

Whitton, R.C., Kannegieter, N.J. and Rose, R.J. (2006) The intercarpal
ligaments of the equine midcarpal joint, part 3: Clinical observations
in 32 racing horses with midcarpal joint disease. Vet. Surg.: VS 26,
374-381.

Whitton, R.C. and Rose, R.J. (2006) The intercarpal ligaments of the
equine midcarpal joint, part 2: The role of the palmar intercarpal
ligaments in the restraint of dorsal displacement of the proximal row
of carpal bones. Vet. Surg.: VS 26, 367-373.

Wright, I.M. (1995) Ligaments associated with joints. Vet. Clin. N. Am.:
Equine Pract. 11, 249-291.

© 2013 EVJ Ltd

352 EQUINE VETERINARY EDUCATION / AE / JULY 2014



Clinical Commentary

The challenge of diagnosing soft tissue injuries in the palmar
aspect of the carpus
A. Nagy* and S. Dyson†

Old Town, Dubai, United Arab Emirates; and †Centre for Equine Studies, Animal Health Trust, Suffolk, UK.
*Corresponding author email: annamaria.nagy@yahoo.com

Keywords: horse; lameness; palmar carpal ligament; hyperextension

Injuries involving the palmar aspect of the carpus are
infrequently diagnosed as a cause of lameness. The complex
anatomy of this region and the limitations of radiographic and
ultrasonographic examinations can make diagnosis difficult.
Previously described soft tissue injuries include desmitis of the
accessory ligament of the superficial digital flexor tendon,
lesions in the superficial and deep digital flexor tendons within
the carpal sheath, tenosynovitis of the carpal sheath (Denoix
and Audigie 1993; Denoix et al. 1995; Dyson 2010) tear of the
medial and lateral intercarpal ligaments (Whitton et al. 1997)
and lesions in the palmar carpal ligament (PCL) (Wright 1996;
Pepe et al. 2013).

There are several structures supporting the palmar aspect
of the carpus. The flexor retinaculum of the carpus has several
layers enclosing neurovascular structures, the flexor carpi
radialis tendon and superficial and deep digital flexor muscles
and tendons (Probst et al. 2008). Its deepest layer forms the
palmar wall of the carpal canal. The carpal synovial sheath
extends from 6 to 8 cm proximal to the antebrachiocarpal joint
distally to the level where the deep digital flexor tendon and its
accessory ligament merge (Leach et al. 1981). The PCL is a
fibrous thickening of the carpal joint capsule and forms the
dorsal wall of the carpal canal, separating the middle carpal
joint from the carpal synovial sheath (Sisson 1975). It originates
from the distal aspect of the radius; distal to the carpus it
continues as the accessory ligament of the deep digital flexor
tendon (AL-DDFT), which also has fibres originating from the
third (Sisson 1975) and fourth carpal bones (Nagy and Dyson
2011). Dorsally, the PCL blends with the numerous small
intercarpal ligaments (Sisson 1975). The PCL contributes to
limiting dorsal displacement of the carpal bones but to a lesser
degree than the palmar intercarpal ligaments (Whitton and
Rose 1997). Hyperextension of the carpus has been assessed in
several studies (Barr 1994; Burn et al. 2006; Whitlock et al. 2012)
but, to our knowledge, the role of the PCL and other small
palmar carpal ligaments in prevention of carpal
hyperextension has not been established in biomechanical
studies.

Proximal injuries of the AL-DDFT have been recently
described in one or both forelimbs of 4 horses (Dyson 2012).
These lesions are easily missed if the AL-DDFT is not assessed
from its origin by ultrasonographic examination (Dyson 2012).
In none of the horses did the abnormalities extend proximally
into the PCL. This may reflect different (probably stronger)
architecture of the PCL than of the AL-DDFT or different
biomechanical forces impacting on the 2 structures. It is also
possible that the proximal AL-DDFT injuries mostly involve fibres
originating from the third and fourth carpal bones and not the
distally extending fibres of the PCL. However, these remain
speculative hypotheses, especially in the light of the low

number of cases reported, although similar observations have
been made in an additional 14 horses (S. Dyson, unpublished
data).

There are limited case reports describing lesions of the PCL.
Denoix and Audigie (1993) described soft tissue injuries in the
carpus that included abnormalities of the PCL. Detailed
characteristics of the lesions were not provided, neither were
clinical findings (e.g. degree of lameness) and outcome.
Wright (1996) documented bilateral PCL rupture and carpal
hyperextension in a yearling following jumping a fence. The
lesion in the PCL was diagnosed on post mortem examination.
No information on diagnostic imaging findings or involvement
of other structures was available. Pepe et al. (2013) reported
bilateral carpal hyperextension and PCL rupture in a horse with
diaphragmatic hernia; the PCL rupture was suspected based
on clinical and radiological findings and confirmed on post
mortem examination. The authors speculated that
hyperextension was caused by abnormal positioning and
weightbearing on the forelimbs in the horse’s attempt to
relieve intrathoracic pain.

The injuries described by Wright (1996) and Pepe et al.
(2013) were more severe than that described by Barba et al.
(2014) in the current issue. This may be due to the different
nature of the trauma causing the injury and a difference in the
extent of the lesion in the PCL. In the case reported by Barba
et al. (2014) there was a partial tear in one PCL, while in the
case reports by Wright (1996) and Pepe et al. (2013) horses
had sustained complete rupture of the PCL bilaterally. It is also
possible that structures in the palmar aspect of the carpus
other than the PCL were involved to a different extent. The less
severe lesion in the case reported by Barba et al. (2014) is the
most likely reason for the more favourable outcome than in the
previous case reports: this horse was comfortable at pasture 4
months after diagnosis, while the other 2 horses were
subjected to euthanasia due to the severity of the injury
(Wright 1996) and the concurrent diaphragmatic hernia (Pepe
et al. 2013). However, we do not know if these 2 horses could
have recovered to pasture soundness had they not been
humanely destroyed shortly after diagnosis.

Barba et al. (2014) describe a unilateral PCL tear related to
a traumatic incident: the horse had been found cast in the
stable. Diagnosis was not achieved until several days later and
was based on hyperextension of the carpus detected
clinically and by radiographic examinations. A tear in the PCL
was confirmed on subsequent ultrasonographic and
arthroscopic examinations. The sequence of the development
of clinical, radiographic and ultrasonographic signs is
interesting. The authors proposed that the initial swelling may
have initially masked hyperextension of the carpus and
hyperextension only became obvious once the swelling
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resolved on Day 4. The authors claim that no radiological sign
of hyperextension was present on the radiograph obtained at
admission. However, this radiograph is not a true lateromedial
image but a dorsomedial-palmarolateral radiographic image,
obtained approximately 25–30° in a palmar direction from a
true lateromedial view. In our opinion, it is therefore difficult to
assess the alignment of the palmar aspect of the carpus based
on this single radiograph. This image is not directly comparable
with the lateromedial radiograph obtained 4 days after
admission, showing carpal hyperextension with widening of
the palmar aspect of the middle carpal joint.

Ultrasonographic examination was also performed on Day
4 and revealed distension of both the middle carpal joint and
carpal sheath. Tearing of the PCL was suspected; however, the
ultrasonographic appearance of the PCL on this occasion
is not described. The reader can speculate that either
the authors detected no abnormalities of the PCL or
ultrasonographic images of the PCL of adequate quality were
not obtained at this stage.

Ultrasonographic examination was repeated on Day 13,
following a confirmed infection of the middle carpal joint of 3
days’ duration and revealed thickening and irregular borders
of the PCL and a central hypoechoic lesion in the proximal
aspect of the PCL. Tenoscopic examination of the carpal
sheath and arthroscopic examination of the middle carpal
joint confirmed a partial tear within the PCL, resulting in
communication between the 2 synovial structures.

It is unclear why the tear of the PCL was not diagnosed on
the first ultrasonographic examination, despite it being
suspected based on radiological findings (widening of the
palmar aspect of the middle carpal joint). It is possible, but
unlikely, that ultrasonographic abnormalities of the PCL were
not present at this stage. The traumatic injury presumably
leading to PCL injury occurred 4 days prior to the
ultrasonographic examination. In some cases, up to 7 days are
needed to reveal the true extent and severity of a lesion
(Rantanen et al. 2010). Peritendinous or periligamentous
oedema may obscure fibre damage because of acoustic
enhancement and continuing release of destructive enzymes
may result in further fibre damage (Rantanen et al. 2010). It is
anticipated that a lesion including a full thickness dorsopalmar
tear of the PCL as described in this horse should be recognisable
immediately after injury, even if not at its greatest severity.
However, it is possible that the diffuse swelling (oedema)
masked fibre damage. Another possibility is a genuine
deterioration of the lesion between the 2 ultrasonographic
examinations. In a previous case report of a horse with
diaphragmatic hernia and bilateral PCL rupture (Pepe et al.
2014), deterioration and full rupture of the PCLs were
speculated to be caused by increased loading and
subsequent hyperextension of the carpi in the horse’s attempt
to relieve some thoracic pressure caused by the diaphragmatic
hernia. Overloading is unlikely to have led to deterioration of
the PCL injury in the case described by Barba et al. (2014),
because the horse had a unilateral injury resulting in unloading
rather than overloading the affected limb. Therefore, if there
were no detectable abnormalities at the initial examination,
continued release of destructive enzymes (Rantanen et al.
2010) is more likely to be responsible for deterioration.

Rapid and extensive deterioration in ultrasonographic
appearance has been seen in horses with infectious tendonitis
(Kidd et al. 2002; Archer et al. 2004). In the case described
by Barba et al. (2014), infection of the middle carpal joint

and carpal sheath were present when the marked
ultrasonographic abnormalities in the PCL were noted but not
on the initial examination when no remarks were made on the
appearance of the PCL. Infection of a tendon or ligament
within an infected synovial structure is rare but not impossible.
Haematogenous spread of bacteria from another focus of
infection has been documented as a reason for infectious
tenosynovitis of the tarsal sheath and lateral digital tendonitis
(Archer et al. 2004) and bicipital bursitis and tendonitis (Forresu
et al. 2006). An infected core lesion in a tendon is speculated
to be more likely to be of haematogenous origin, while if the
lesion is peripheral, spread of infection from the surrounding
synovial structure is a possible cause, especially if there had
been a pre-existing lesion prior to infection (Archer et al. 2004).
It is possible that the horse described by Barba et al. (2014)
sustained an initial traumatic injury to the PCL when cast. That
lesion may have served as a weak focus susceptible to
infection, which may have led to deterioration of the lesion
to a full thickness tear and consequently hyperextension of
the carpus. In previous reports of infectious processes in
tendons, rapid and extensive progression of the lesions was
seen (Kidd et al. 2002; Archer et al. 2004). In the horse
described by Barba et al. (2014), the lesion in the PCL
expanded in dorsal and palmar directions resulting in a full
thickness tear but no marked increase in the proximodistal
extension of the lesion was noted. This makes infection of the
PCL much less likely. Moreover, the clinical improvement seen
in the case of Barba et al. (2014) would be highly unlikely
without radical surgical debridement of the ligament had it
been infected.

Until recently, ultrasonography has been the diagnostic
imaging technique of choice to assess soft tissue structures in
the palmar aspect of the carpus (Denoix and Audigie 1993;
Cauvin et al. 1997; Reimer 2003; Dyson 2012). It has been
recognised that, even for a skilled ultrasonographer, not all
structures can be assessed and often even if a part of a
ligament or tendon is accessible it cannot be examined in its
entirety (Dyson 2012). The dorsopalmar thickness of the medial
half of the PCL can be assessed using ultrasonography (Fig 1)
but evaluation of the PCL in a transverse plane is more limited,

Ci

Fig 1: Parasagittal ultrasonographic image of the palmar aspect of
the carpus, slightly medial to midline, obtained at the level of the
proximal row of the carpal bones. Dorsal is to the left and proximal
is to the top. The dorsopalmar thickness and the fibre pattern of the
palmar carpal ligament (arrows) can be assessed. Ci -
intermediate carpal bone.
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especially laterally because of the position of the accessory
carpal bone. There are several other ligaments of varying size
in the palmar aspect of the carpus, including radiocarpal,
palmar intercarpal and carpometacarpal ligaments. These
ligaments cannot be adequately assessed using
ultrasonography. Ultrasonographic examination of the medial
palmar intercarpal ligament has been described (Driver et al.
2004) but this technique has not proven to be useful in clinical
situations in horses with suspected abnormalities of the palmar
intercarpal ligaments. Parts of the medial and lateral
intercarpal ligaments can be examined arthroscopically
(Whitton et al. 1997) but their palmar aspects cannot be
visualised and arthroscopy does not allow assessment of the
more palmar soft tissue structures.

Magnetic resonance imaging (MRI) has been used with
increasing frequency in the proximal aspects of the limb
including the proximal metacarpal/metatarsal regions and the
carpus and hock (Brokken et al. 2007; Powell et al. 2010; Daniel
et al. 2012; Nagy and Dyson 2012). Magnetic resonance
imaging provides information about both osseous and soft
tissues of the carpus in 3 dimensions and makes visualisation of
structures possible that cannot be (sufficiently) assessed with
radiography, ultrasonography or arthroscopy (Nagy and
Dyson 2012).

High-field MRI of cadaver limbs enabled good visualisation
of most ligaments in the palmar aspect of the carpus (Fig 2a);
however, low-field images gave more limited information
(Nagy and Dyson 2011). Motion artefact in live horses may
further limit interpretation of images acquired in a standing
horse. However, the PCL can be examined in a standing
sedated horse using low-field MRI (Fig 2b). Transverse
intercarpal ligament injuries have been diagnosed using
low-field MRI in standing sedated horses (Nagy and Dyson
2012). Diagnosis was based on the presence of periosteal
irregularity of the carpal bones at the insertion sites and an
ill-defined appearance of the transverse intercarpal ligaments
(Nagy and Dyson 2012). In horses in which injury to the PCL is
suspected, but ultrasonography does not provide sufficient
information, MRI could contribute to a correct diagnosis. With
further experience and improvements in motion correction
software, it is possible that abnormalities in other smaller
ligaments could also be diagnosed.

A recent study described computed tomographic
arthrography of the intercarpal ligaments of the carpus (Gray
et al. 2013). Computed tomographic arthrography allowed
good visualisation of the medial and lateral intercarpal
ligaments, radiocarpal ligament, transverse intercarpal
ligaments and the PCL. Computed tomographic arthrography
can provide valuable diagnostic information of these
ligaments prior to arthroscopic examination and treatment of
other lesions in arthroscopically accessible parts of the carpus,
and may contribute to final diagnosis and prognosis. Although
MR images of some carpi were obtained by Gray et al. (2013),
comparison of computed tomographic arthrography and MR
images was not within the scope of their study. In our opinion,
the fibre structure of the palmar carpal ligaments can be
better evaluated on MR images than on computed
tomographic images; moreover, MRI can be performed in a
standing sedated horse, while computed tomography of the
carpus requires general anaesthesia. However, if MRI is not
available, then computed tomography can provide valuable
information and could be performed in addition to and just
prior to arthroscopy.

Our knowledge of lesions in the palmar aspect of the
carpus is likely to expand with the use of 3-dimensional (3D)
imaging techniques. If lameness localised to the palmar
aspect of the carpus based on clinical findings and results of

a)

b)

Fig 2: a) Sagittal T2*-weighted high-field magnetic resonance
image of a cadaver limb and b) a T2*-weighted low-field image
obtained of a live horse. Dorsal is to the left and proximal is to the
top. The palmar carpal ligament (arrows) has intermediate signal
intensity in both images. It is more clearly visualised in the
high-field image; however, it is also readily identified in the
low-field image. Arrowhead - accessory ligament of the deep
digital flexor tendon.
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diagnostic analgesia is not explained by radiographic and
ultrasonographic findings, MRI (or computed tomography)
may contribute to correct diagnosis, treatment and prognosis.
However, we have to acknowledge that we are still in the early
stages of learning about and differentiating between normal
and abnormal findings in this region. Moreover, diagnostic
quality MR images of the carpus can be difficult (and are
sometimes impossible) to obtain in a standing sedated horse.
The clinician may feel under pressure to provide a definite
diagnosis following an expensive diagnostic procedure, but
our limited knowledge of this area has to be acknowledged
and diagnosis should never be made based on insufficient
quality images.

In conclusion, injuries of the soft tissue structures on the
palmar aspect of the carpus should be considered in horses
with carpal region pain, even if there are no localising clinical
signs. If lesions are not identified ultrasonographically, the use
of MRI should be indicated.

Authors’ declaration of interests
No conflicts of interest have been declared.

References
Archer, D.C., Clegg, P.D. and Edwards, G.B. (2004) Septic tenosynovitis

of the tarsal sheath of an Arab gelding and suspected sepsis of the
lateral digital flexor tendon subsequent to bacterial peritonitis. Vet.
Rec. 155, 485-489.

Barba, M., McMaster, M., Albanese, V., Cole, R., Caldwell, F. and
Schumacher, J. (2014) Carpal hyperextension in a Percheron mare
caused by palmar carpal ligament tear. Equine Vet. Educ. 26,
347-352.

Barr, A.R. (1994) Carpal conformation in relation to carpal chip fracture.
Vet. Rec. 134, 646-650.

Brokken, M.T., Schneider, R.K., Sampson, S.N., Tucker, R.L., Gavin, P.R.
and Ho, C.P. (2007) Magnetic resonance imaging features of
proximal metacarpal and metatarsal injuries in the horse. Vet.
Radiol. Ultrasound 48, 507-517.

Burn, J.F., Portus, B. and Brockington, C. (2006) The effect of speed and
gradient on hyperextension of the equine carpus. Vet. J. 171,
169-171.

Cauvin, E.R., Munroe, G.A., Boswell, J. and Boyd, J.S. (1997) Gross and
ultrasonographic anatomy of the carpal sheath. Vet. Rec. 141,
489-495.

Daniel, A.J., Judy, E.C., Rick, M.C., Saveraid, T.C. and Herthel, D.J. (2012)
Comparison of radiography, nuclear scintigraphy, and magnetic
resonance imaging for detection of specific conditions of the distal
tarsal bones of 20 cases (2006–2010). J. Am. Vet. Med. Assoc. 240,
1109-1114.

Denoix, J.M. and Audigie, F. (1993) Examen echographique du carpe
du cheval: lesions identifiee sur 45 cas cliniques. Prat. Vet. Equine. 25,
193-203.

Denoix, J.M., Guizien, I. and Perrot, P. (1995) Ultrasonographic diagnosis
of spontaneous injuries of the accessory ligament of the superficial
digital flexor tendon (proximal check ligament) in 23 horses. Proc.
Am. Ass. Equine Practnrs. 41, 142-146.

Driver, A.J., Barr, F.J., Fuller, C.J. and Barr, A.R. (2004) Ultrasonography of
the medial palmar intercarpal ligament in the Thoroughbred:
technique and normal appearance. Equine Vet. J. 36, 402-408.

Dyson, S.J. (2010) The carpal canal and carpal synovial sheath. In:
Diagnosis and Management of Lameness in the Horse, 2nd edn.,
Eds: M.W. Ross and S.J. Dyson, Elsevier Saunders, St. Louis. pp
777-780.

Dyson, S.J. (2012) Proximal injuries of the accessory ligament of the
deep digital flexor tendon in forelimbs and hindlimbs: 12 horses
(2006-2010). Equine Vet. Educ. 24, 134-142.

Forresu, D., Lepage, O.M. and Cauvin, E. (2006) Septic bicipital bursitis,
tendonitis and arthritis of the scapulohumeral joint in a mare. Vet.
Rec. 159, 352-354.

Gray, S.N., Puchalski, S.M. and Galuppo, L.D. (2013) Computed
tomographic arthrography of the intercarpal ligaments of the
carpus. Vet. Radiol. Ultrasound 54, 245-252.

Kidd, J., Dyson, S. and Barr, A. (2002) Septic flexor tendon core lesions in
five horses. Equine Vet. J. 34, 213-216.

Leach, D., Harland, R. and Burko, B. (1981) The anatomy of the carpal
tendon sheath of the horse. J. Anat. 133, 301-307.

Nagy, A. and Dyson, S. (2011) Magnetic resonance anatomy of the
carpus of the horse described from images acquired from low-field
and high-field magnets. Vet. Radiol. Ultrasound 52, 273-283.

Nagy, A. and Dyson, S. (2012) Magnetic resonance imaging findings in
the carpus and proximal metacarpal region of 50 lame horses.
Equine Vet. J. 44, 163-168.

Pepe, M., Beccati, F., Gialetti, R. and Moriconi, F. (2013) Bilateral rupture
of the palmar carpal ligament in a horse suffering from acute
diaphragmatic hernia. J. Equine Vet. Sci. 33, 57-61.

Powell, S.E., Ramzan, P.H.L., Head, M.J., Shepherd, M.C., Baldwin, G.I.
and Steven, W.N. (2010) Standing magnetic resonance imaging
detection of bone marrow oedema-type signal pattern associated
with subchondral bone pain in 8 racehorses: a prospective study.
Equine Vet. J. 42, 10-17.

Probst, A., Macher, R., Hinterhofer, E., Polsterer, E., Guarda, I.H. and
Konig, H.E. (2008) Anatomical features of the carpal flexor
retinaculum of the horse. Anat. Histol. Embryol. 37, 415-417.

Rantanen, N.W., Jorgensen, J.S. and Genovese, R.L. (2010)
Ultrasonographic evaluation of the equine limb: technique. In:
Diagnosis and Management of Lameness in the Horse, 2nd edn.,
Eds: M.W. Ross and S.J. Dyson, Elsevier Saunders, St. Louis.
pp 206-212.

Reimer, J.M. (2003) Acute desmitis of the accessory ligament of the
superficial digital flexor tendon (proximal check ligament) in 26
Thoroughbred race horses: clinical features and prognosis for
racing. Proc. Am. Ass. Equine Practnrs. 49, 55-58.

Sisson, S. (1975) Equine syndesmology. In: The Anatomy of Domestic
Animals, Ed: R. Getty, W.B. Saunders Co., Philadelphia. pp 349-375.

Whitlock, D., Garcia, T.C., Vallance, S.A. and Stover, S.M. (2012) Possible
role of carpal hyperextension in superficial digital flexor
tendinopathy. Equine Vet. J. 44, 559-563.

Whitton, R.C. and Rose, R.J. (1997) The intercarpal ligaments of the
equine midcarpal joint, part 2: the role of the palmar intercarpal
ligaments in the restraint of dorsal displacement of the proximal row
of carpal bones. Vet. Surg. 26, 367-373.

Whitton, R.C., Kannegieter, N.J. and Rose, R.J. (1997) The intercarpal
ligaments of the equine midcarpal joint, part 3. Clinical observations
in 32 racing horses with midcarpal joint disease. Vet. Surg. 26,
374-381.

Wright, I.M. (1996) Ligaments associated with joints. In: Proceedings of
the Dubai International Equine Symposium, Eds: N. Rantanen and
M. Hauser, Matthew Rantanen Design. pp 241-250.

© 2014 EVJ Ltd

356 EQUINE VETERINARY EDUCATION / AE / JULY 2014



Since hay is the first consideration when it comes to nutrition, skimping on 
quality could keep your horse from doing his best for you.

Do your best for your horse.
Feed Standlee Premium Western Forage®.  All natural. Always available.

CHECK OUT OUR COMPLETE  

LINE OF PRODUCTS AT 

WWW.STANDLEEFORAGE.COM

CA1

Proud sponsor of:

http://WWW.STANDLEEFORAGE.COM
http://WWW.STANDLEEFORAGE.COM


To find the right Platinum Performance® solution, and to 
learn about the science behind the supplements, call or visit 

our website, or speak with your equine veterinarian.

© 2014 PLATINUM PERFORMANCE, INC.

800-553-2400
www.PlatinumPerformance.com

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. 

This is  
my horse™

a ddreeaam come truee,, and RRaffaalcca
is the horse that gave me tthaat
ooppppoortunity. From the bbeegiinniinngg,,
sshhe wwas a verryy sspeciiaal hhorse, ssoo
trrainnaable and ffocused,,

y
 but mmosttly,,

shhe has a hugge heeaart and givveess heer
yy

alll  everryyddaayy. WWhillee she gives so muuch
too me, II

yyy
mmake

y y
sure that she anndd

mmyy ootthher hoorsess ggeett the best off
eeveerythiinng,
y

 inccluding Plattiinnum. Plattinum
ggivves

y
 mme the ccompetittiive eeddgee,

hheelpingg to mainnttainn ttheir soouunddnneesss
aanndd heaallth. The hoorrsseess love it, annd
thhe PPakss mmake ssupplementtiinngg soo
eaasyy, especially wwheenn ttravveling ssoo
mmuucch.

yy
 Dressage

y
 ccaan be a ccoompplleexx

ddisscipline,, bbuutt PPllaattiinnum Pakss bbrriinng

C pe gCoommpettiinngg at the y ppyy OOlymppicss wwas

ii pplii it tt p

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.

CCCommppeettiinngompeting atat thethe OOlympiccssOlympics waswas

siimmpplliicityysimplicity ttooto oouurrour pproggraam.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


Case Report

Epithelial inclusion cysts of the frontal bones in three horses
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Summary
In this article, development of a fluctuating swelling in the
middle of the frontal region is reported in 3 horses. Clinical
and radiological examinations showed them to be palpably
soft, nonpainful, well circumscribed and homogeneous.
The diagnosis of a cyst-like lesion is based on centesis and
histology. This report describes the clinical features, surgical
treatment, outcome and histological findings in all 3 cases.

Introduction
Paranasal sinus cysts most commonly develop unilaterally
within the maxillary sinus. Cyst expansion causes facial
distortion and decreases airflow (Lane et al. 1987; Beard and
Hardy 2001; Tremaine and Dixon 2001a; Woodford and
Lane 2006). Its prevalence is unknown but it is considered
a rare pathological condition. In long-term studies of equine
sinonasal disease 13–13.4% of cases were diagnosed as
sinonasal cysts (Tremaine and Dixon 2001a; Dixon et al. 2012).
Diagnosis is based on clinical symptoms, nasal endoscopy and
distinct radiographic signs including (rounded) opacification
within the sinus cavities, the presence of a partially mineralised
capsule surrounding the cyst, septal displacement and
distortion of the skull with thinning and demineralisation of the
cortex (Gibbs and Hart 1992; Beard and Hardy 2001; Tremaine
and Dixon 2001a). Diagnosis is confirmed by histology of the
cyst wall (Tremaine et al. 1999). Several aetiologies have been
suggested including congenital, dentigerous, trauma and a
common aetiology with progressive ethmoid haematoma
(Cannon et al. 1976; Lane et al. 1987; Tremaine et al. 1999).
Treatment consists of removal of the cyst wall through bone
flap surgery with reported success rates ranging from 66 to 94%
(Lane et al. 1987; Tremaine and Dixon 2001b; Woodford and
Lane 2006).

A minority of cysts solely involve the concho-frontal sinus as
compared to the maxillary sinus (Tremaine and Dixon 2001a;
Woodford and Lane 2006; Dixon et al. 2012). This report
describes the clinical findings in 3 horses that developed a cyst
centrally on the forehead. The cysts were surgically removed
and long-term follow-up provided. Clinical parameters and
histopathology of the cysts are compared to scientific data
regarding paranasal sinus cysts.

History and clinical findings

Case 1
A 12-year-old Warmblood gelding sustained trauma to the
head 12 months before admission. Since then, a slowly
growing deformity had developed in the middle of the frontal
bone region. Intralesional injection of corticosteroids following

aspiration of liquid contents had not prevented recurrence
and further development of the swelling. At presentation, a
well circumscribed hemispherical and fluctuating swelling
(diameter 6 cm; height 3–4 cm) was located sagittally on the
forehead at the level of the frontonasal bone suture. The wall
of the swelling was soft but, at its base with the frontal bone,
demonstrated a cup-like bony rim firmly attached to the
frontal bone. The animal showed no nasal discharge nor
did it express any abnormal respiratory sounds. Radiographs
demonstrated the presence of a rounded soft tissue density
centred on the frontal bone, protruding dorsally above the
bone and into the concho-frontal sinuses (Fig 1a). Where it
passed through the frontal bone margins, the bony cortex was
interrupted. At its rostral margin, the cortical bone was sclerotic
and thickened. Inside the sinus cavity, the structure was
contoured by a sclerotic radiodense border. This border
extended dorsally above the frontal bone.

Case 2
An 11-year-old Arabian stallion presented with a fluctuating
swelling in the middle of the frontal region of the head
of 3 months’ duration (Fig 2). The horse had no history of
known trauma to the head. At presentation, a hemispherical
deformation (diameter 14 cm; height 5 cm) was sagitally
positioned on the frontal bones of the head and centred
on a line connecting both medial canthi of the eyes. The wall
of the swelling was soft. At its transition to the frontal bone, a
vertically oriented, bony rim of approximately 2–3 cm height
was present. Radiographs of the head demonstrated a
soft tissue density at the dorsal aspect of the frontal bone
immediately dorsal to the frontal sinuses and ethmoid region.
The dorsal cortex of the frontal bone was interrupted over the
complete length of the soft tissue density. Two curvilinear bony
opacities were visible on the edges of the soft tissue density,
starting at the frontal bone edge. There was an increased soft
tissue opacity in the caudal aspect of the frontal sinuses dorsal
to the frontal bone (Fig 1b).

Case 3
A 17-year-old Quarter Horse gelding was presented for
evaluation of a swelling located on the frontal region of the
head of 3 months’ duration. The horse had no history of trauma
to the head. The referring veterinarian drained the swelling
through a stab incision which resulted in chronic drainage
of fluid. On admission, it showed a hemispherical, well
circumscribed deformation, sagittally located between the
eyes (diameter 7–8 cm; height 3–4 cm). The wall of the swelling
was soft and fluctuating but its base consisted of a rim of
firm bone attached to the frontal bone cortex. Endoscopy
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revealed normal nasal passages. Radiographs demonstrated
the presence of a rounded soft tissue density located at
the level of the caudal frontal sinuses and ethmoids, which
protruded dorsal through the frontal bone. The surrounding
cortex was sclerotic and thickened. The dorsal aspect of the

frontal bone adjacent to the borders of the soft tissue density
showed increased mineralisation along the outside wall of this
structure (Fig 1c).

In all 3 cases, a tentative diagnosis of a sinonasal cyst was
made based on clinical and radiographic signs and surgical
excision was proposed.

Surgery
Twelve hours before surgery, procaine benzylpenicillin
(Peni-kel)1 20,000 iu/kg bwt i.m. and flunixin meglumine
(Finadyne)2 1.1 mg/kg bwt per os, were administered and the
horses were deprived of food. After sedation using romifidine
(Sedivet)3 80 mg/kg bwt i.v. and morphine (Morphine HCL)4

0.1 mg/kg bwt, i.v., a 12 gauge i.v. catheter was placed in
the jugular vein. Anaesthesia was induced using ketamine
(Anesketin)5 2.2 mg/kg bwt i.v and midazolam (Dormicum)6

0.06 mg/kg bwt i.v. Following intubation, anaesthesia was
maintained with isoflurane in oxygen and the horses were
placed in lateral recumbency. The surgical field was clipped
and prepared for aseptic surgery.

A rostro-caudally oriented S-shaped incision was made in
Cases 2 and 3 and an H-shaped incision in Case 1, with the
horizontal arm of the H centred over the swelling in a left to
right configuration. Skin and periosteum were reflected from
the surrounding bone and released from their attachments
to the capsule of the cysts. In the central parts of the cysts,
the periosteum was thin and hardly distinguishable from the
capsule, which resulted in inadvertent perforation of the cyst
wall in all cases. All cysts contained a mucoid, yellow-coloured
liquid. The sinus-part of all cysts was partially calcified,
which facilitated blunt dissection and complete removal.
The resultant spaces were lined with tough cortical bone
(Cases 2 and 3) or softer semi-calcified tissue (Case 1) without

a)

b)

c)

Fig 1: Lateral radiographic projections of the conchofrontal area in
Case 1 (a), Case 2 (b) and Case 3 (c). The underexposed images
illustrate the position and contour of the cysts (arrowheads). Arrows
indicate a dense, cup-like outline surrounding the cyst at its
transition to the skull surface. The dense linear structure projected
longitudinally along the cyst in Case 2 (b) is an artefact created by
the presence of a hair braid.

Fig 2: A hemispherical, fluctuating swelling deforms the skull at the
level of the frontal bones in Case 2.
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communicating with the sinus cavities. The septum separating
left and right frontal sinuses was absent. In Cases 1 and 2, the
cyst occupied evenly the left as well as the right frontal sinus. In
Case 3, the cyst was located slightly off-centre towards the
right frontal sinus. At the transition with the outer cortex of the
skull, a vertically oriented bony rim was identified in all cases.
This cup-like structure, which bordered a complete defect in
the skull’s cortex, was removed using an osteotome and
mallet. Samples were submitted for histological examination
in all cases. After lavage with sterile sodium chloride
0.9% solution, the periosteal layers were reapposed with a
continuous suture pattern. Complete closure of the periosteum
was only possible in Case 2. The skin was closed using a
combination of surgical staples and simple interrupted sutures.

Pathological studies

The samples were fixed in 10% neutral-buffered formalin for
24 h and embedded in paraffin wax. Sections were cut

at 4 mm and stained with haematoxylin and eosin (H&E) for
light microscopic examination. Prior to paraffin embedding,
samples containing bone were decalcified using hydrochloric
acid/formic acid.

On histopathological examination, the cyst wall had
a similar appearance in all cases. It was composed of
loose collagenous (to myxomatous) stroma admixed with
proliferating fibroblasts, new capillaries and variable numbers
of lymphocytes, plasma cells and macrophages (granulation
tissue). Within the granulation tissue, extensive areas
with mineralised and osteoblast-lined bone trabeculae were
present (Fig 3a). These trabeculae were characterised by
numerous large, osteocyte-containing lacunae randomly
and unevenly distributed (woven bone). The cyst was lined by
pseudostratified, ciliated epithelium (respiratory epithelium)
and attenuated epithelial cells with some nonkeratinised
squamous metaplasia (Fig 3b). Multifocal variable-sized
haemorrhages with haemosiderin-laden macrophages were
present in the wall (Fig 3c). In Case 3, the lining epithelium was
focally ulcerated with large numbers of neutrophils (Fig 3d).

a)

b)

50 μm

50 μm

c)

50 μm

d)

50 μm

Fig 3: Histopathological features of the cyst wall in the different cases (H&E staining). a) Spiculae of metaplastic bone could be identified
in different regions of the wall of the cyst (Case 3). b) The inside of the cysts (Case 2 illustrated) is lined by a pseudostratified epithelium
showing hydropic degeneration, exocytosis and the start of squamous metaplasia (thick arrow). Note several ciliated cells (arrow). The
connective tissue is oedematous, well vascularised and infiltrated with leucocytes as well as haemosiderin-laden macrophages.
c) Marked squamous metaplasia and extensive haemorrhages can also be identified in the wall (Case 2). Note numerous
haemosiderin-laden macrophages. d) The cyst lining in Case 3 showed focally ulcerated epithelium covered by haemorrhage. There are
large numbers of neutrophils.
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Post operative treatment and follow-up
All horses were administered procaine benzylpenicillin
(Peni-kel)1 20,000 iu/kg bwt i.m. s.i.d. for 3–7 days and flunixin
meglumine (Finadyne)2 1.1 mg/kg bwt per os s.i.d. for 2–3 days
post operatively. Horses were discharged from the clinic at 4,
10 and 14 days, respectively post surgery. Staples and sutures
were removed by the owners or referring veterinarians at 3
weeks following surgery. Horses were box rested for one week
followed by hand walking or paddock exercise for 2–3 weeks
before returning to work.

Long-term follow-up of 1–4 years was obtained by
telephone inquiry. All surgical incisions healed by primary
intention. None of the horses developed nasal discharge,
abnormal respiratory noises or recurrence of the cyst. All horses
had been actively performing in various sports up to the
owners’ satisfaction.

In all horses, a depression of the skull remained as a sequel
to the surgical intervention. On palpation, the central area of
the depression seemed soft; radiographs were not taken to
evaluate the bone.

Discussion
The 3 cysts were grossly of similar appearance and varied
in size from approximately 6 ¥ 4 cm up to 14 ¥ 5 cm. About 40%
of the cyst was within the skull’s cavity and 60% protruded
over the frontal bone. The histological features observed in
the present cases, e.g. unilocular cyst lined by respiratory
epithelium and possessing a bony wall, have similarities with
commonly reported sinonasal cysts (Lane et al. 1987; Tremaine
et al. 1999; Tremaine and Dixon 2001a; Woodford and Lane
2006). However, the localisation, growth pattern and clinical
features of the cysts differ in the present case report from those
reported previously. Paranasal sinus cysts commonly develop
unilaterally and progressively deform cortical skull bone. In
such advanced lesions, the cortical bone is thinned but mostly
still intact (Tremaine and Dixon 2001a). The cysts described in
this report developed in a more sagittal plane in close vicinity
to both frontal sinuses but lacking clear communication with
the sinus. After removal of the cyst wall, the underlying sinus
cavities were still separated from the surgical field by means of
dense cortical bone or partially mineralised tissues. All cysts
showed an exophytic (protruding above the frontal bone) and
endophytic growth (within the cavity of the skull) with the first
being more pronounced in 2 cases. The endophytic part of
the cyst was separated from the underlying sinus with only
deformation of the septum dividing right and left. Furthermore,
focal complete loss of cortical bone at the site of the cysts was
demonstrated at surgery. Therefore, they were classified as
frontal parasinusal epithelial inclusion cyst.

The aetiology of sinonasal cysts is still inconclusive. In the
equine embryo, the bone of the skull consists of 2 cortical
laminae separated by a narrow diploic space filled with
cancellous bone. The paranasal sinuses are formed as the
epithelium of the nasal cavity invaginates into the diploic
space of predetermined bones of the skull, thus creating
the sinus cavities which further expand as the skull further
matures (McGeady et al. 2006). Thus, cortical bone overlying
sinus cavities consists only of a single bone layer lined with
periosteum on the outside and endosteum on the inside, while
the other skull bones keep their layered diploic structure.
Based on the localisation and appearance, an intradiploic
origin of cyst development could be hypothesised. In man, an

intradiploic development of cysts in the skull with similar clinical
and radiographic features has been previously described
(Suzuki et al. 1997; Kalgutkar et al. 2006), similar to the cysts in
the horses in the present study. The majority of these are
congenital in origin and histologically identified as epithelial
inclusion cysts (Suzuki et al. 1997; Kalgutkar et al. 2006). Based
on this similarity, it could be speculated that the cyst
development observed in the present horses originate from
entrapment of cells within a remnant of the diploic space due
to incomplete separation of laminae during embryonic
development of the sinus cavities. A congenital together
with an acquired aetiology for cyst development can be
hypothesised in these cases. Misplaced respiratory cell
remnants in the diploic space during embryogenesis might
stimulate cyst development. Trauma could potentially
displace respiratory epithelium to give rise to an inclusion cyst
development. The advanced ages of the cases presented
and fairly rapid onset of symptom signs might indicate a
traumatic, rather than congenital, origin.

Sinonasal cysts require surgical excision because of their
expansive nature. Although all wounds healed by primary
intention, the S-shaped incisional approach is preferred by
the authors because it allows good exposure of the cyst
contours while creating one continuous incision. The H-shaped
cutaneo-periosteal flap approach creates a cornered incision
which has less favourable suture and healing characteristics
(Provost and Bailey 2012). Absence of recurrence was
observed in all cases which can be attributed to the complete
removal of the cyst wall as has previously been recommended
for surgical removal of sinonasal cysts (Lane et al. 1987;
Tremaine and Dixon 2001b; Dixon et al. 2012).

A cosmetic defect was left in the skull at the surgical site in
all cases, but none of the owners regarded this as a problem.
All owners reported a ‘soft sensation’ of the central parts of the
defect, consistent with absence of bone regrowth. This finding
is not unexpected as the diameter of all resultant defects can
be classified as critical-sized, preventing spontaneous closure
(Schmitz and Hollinger 1986). A possible solution to that might
have been the application of a cortico-cancellous bone graft
before wound closure. Both silicone implants and fluorocarbon
polymer have been previously described for cosmetic repair of
facial deformity following fracture of the frontal bones (Valdez
and Rook 1981; Bohanon and Gabel 1991).

Although the presented cases differed from more
common clinical presentations of sinonasal cysts, complete
surgical excision was straightforward resulting in absence
of recurrence but leaving a cosmetic defect due to the
secondary permanent damage to the frontal bone.
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Clinical Commentary

Expansile cyst-like lesions of the equine skull
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Non-neoplastic, developmental, cyst-like structures previously
reported to occur in the equine skull primarily include
paranasal sinus cysts and aneurysmal bone cysts (Gaughan
and DeBowes 1993; Trotter 1993; Stenberg et al. 2004; Bryant
et al. 2012). Although these cysts are fairly rare, they can cause
significant deformation of the bones of the skull as they
progressively expand. Paranasal sinus cysts have been
reported to occur in horses of any age and are well described
(Trotter 1993; Woodford and Lane 2006; Nickels 2012).
Aneurysmal bone cysts have been reported to occur in the
long bones of young adult humans (Rapp et al. 2012) as well
as in the dog, cat, cow, llama and horse (Belknap et al. 1992;
Pernell et al. 1992; Anderson et al. 1997; Barnhart 2002;
Benamou et al. 2012; Bryant et al. 2012). The clinical
appearance of 3 horses with frontal parasinusal epithelial
inclusion cysts reported by Gunnarsdottir et al. (2014) is
exceptionally unusual.

Paranasal sinus cysts are viscous, fluid-filled, thin shelled
structures lined with epithelium that develop most commonly
in the maxillary sinus that may extend into the frontal sinus.
Paranasal sinus cysts can cause dyspnoea and distortion of
the facial bones, nasal passage and septum as they
progressively enlarge. The aetiology of paranasal sinus cysts is
speculative; they may be of dental origin (Boulton 1985) or
congenital (Sanders-Shamis and Roberston 1987; Beard et al.
1990). An association with progressive ethmoidal haematoma
has also been noted. Some horses may have concurrent
occurrence of cysts and progressive ethmoidal haematoma

and histopathological similarities between these 2 conditions
have been previously described (Lane et al. 1987; Woodford
and Lane 2006).

Paranasal sinus cysts have a typical radiographic
appearance to allow diagnosis. During endoscopy of the
upper respiratory tract of affected horses, narrowing of the
nasal passage may be seen. Because paranasal sinus cysts
continually enlarge, their surgical removal via an approach by
sinus trephination or bone flap is indicated. Spontaneous
resolution of a sinus cyst has not been reported. Prognosis for
resolution of the cyst is generally good following complete
(and even incomplete) surgical excision. A complete
functional and cosmetic outcome can be expected assuming
that the enlargement of the cyst has not caused excessive
disruption of the facial bones, sinuses, tooth roots or nasal
passages.

A frontal bone epithelial inclusion cyst is centrally located
over the frontonasal bone region and progressively enlarges in
an outward (exophytic) and inward (endophytic) direction
(Fig 1) to cause deformation of the nasal septum and loss of
mineralisation of cortical bone surrounding the cyst.

Typical characteristics of epithelial inclusion cysts are found
during surgical exploration. They contain a clear yellow
mucoid fluid and the cyst variably involves both the left and
right paranasal sinuses due to deformation of the nasal
septum; however, the interior of the cyst is physically separated
from the sinus by a layer of dense bone (Fig 2). Histological
descriptions of paranasal sinus cysts vary greatly (Tremaine

a) b)

Fig 1: a) A 9-year-old Thoroughbred
mare presented with a central
swelling over the frontal bones that
progressively developed over a 3
month period after being struck by
a polo ball during competition. b)
Lateral radiograph demonstrating
the thin frontal bone (arrows) and
portion of the cyst within the caudal
frontal sinuses at the level of the
ethmoid turbinates (arrowheads).
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et al. 1999) but many histological aspects of paranasal sinus
cysts are consistent with those observed in the 3 cases
reported by Gunnarsdottir et al. (2014), such as the presence
of fibroblasts, lymphocytes, plasma cells and haemosiderin
laden macrophages, with the mineralised wall of the cyst lined
with a respiratory-type epithelium.

Gunnarsdottir et al. (2014) proposed that the unusual
location of the cysts in these 3 horses could be related to
trauma-induced displacement of respiratory epithelium to the
medullary cavity of the facial bones (intradiploic space). An
intradiploic haematoma of the frontal bone, causing
secondary exophthalmos, was recently described in a horse
(Kafarnik et al. 2013). The intradiploic haematoma was
reportedly caused by a traumatic event, which resulted in a
cystic bony lesion located between the inner and outer
cortical layers of the frontal bone. One of the horses in the
report by Gunnarsdottir et al. (2014), in addition to the horse
shown in Figure 1 (F. Caldwell, unreported data), had a history
of trauma preceding development of the cyst. Both horses
were mature at the onset of epithelial inclusion cyst
appearance.

Although skin covering the cyst shown in Figure 1 healed
by primary intention following removal of the cyst (Fig 2), similar
to the cases reported by Gunnarsdottir et al. (2014), a soft
region unsupported by bone in the central area of the
forehead was a sequela to the surgery. Post operative
recommendations included construction of a custom
blinker-type hood with a hard plastic insert to be worn during
competition to protect this vulnerable area of the skull.

Aneurysmal bone cysts are multi-loccular spaces filled with
blood or serosanguineous fluid and are not typically lined with
epithelium. The aetiology of aneurysmal bone cysts is unknown
but is theorised to be related to ischaemic necrosis, trauma,
haemorrhage or congenital or acquired vascular anomalies
(Momiyama et al. 1999; Stenberg et al. 2004; Carlson and
Weisbrode 2012). Histologically, aneurysmal bone cysts have a
honeycomb of blood-filled cavities separated by fibrous septa
lined with multi-nucleated giant cells, haemosiderin laden

macrophages, osteoclastic-type giant cells and reactive
stromal fibroblasts (Thomas et al. 1997; Momiyama et al. 1999;
Bryant et al. 2012).

Aneurysmal bone cysts are uncommon in domestic
animals. When seen in the horse, aneurysmal bone cysts are
most often reported to occur in the mandible of immature
horses but have also been observed in the mandible of adult
horses (Figs 3a and b) (Lamb and Schelling 1989; Stenberg
et al. 2004; Bryant et al. 2012). In horses, aneurysmal bone cysts
have also been previously reported in the long bones and
premaxilla (Steiner and Rendano 1982; Thomas et al. 1997;
Momiyama et al. 1999; Ordidge 2001; Stephenson 2005).
Radiographically, they are characterised by lucent expansile
lesions, traversed by incomplete opaque septa with thinned
overlying cortex and extensive periosteal new bone formation
(Butler et al. 2000). Treatment is dependent upon location but

Fig 2: Standing surgical exploration of the frontal parasinusal
epithelial inclusion cyst in the horse shown in Figure 1. Upon
entrance into the cyst cavity; a clear, yellow, mucoid fluid was
evacuated. The cystic lining can be readily seen. A thick floor of
bone was present and protruded into the left and right frontal
sinuses. Note the deformation of the nasal septum.

a)

b)

Fig 3: a) Radiographs consistent with aneurysmal bone cyst
(arrows) in the mandible of a one week old Thoroughbred foal and
b) in a 24-year-old American Quarter Horse. Both cases were
treated conservatively which resulted in eventual spontaneous
resolution of the lesions.
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surgical curettage, with or without bone grafting, has been
reported to result in resolution in some cases (Jackman and
Baxter 1992; Thomas et al. 1997; Stenberg et al. 2004;
Stephenson 2005; Kawcak and Baxter 2011). Resolution of a
mandibular aneurysmal bone cyst was reported to have
occurred spontaneously with no treatment (Bryant et al. 2012),
as was the mandibular aneurysmal bone cyst of the foal shown
in Figure 3a (C. Johnson, personal communication) and of the
adult horse shown in Figure 3b (M. Shambley, personal
communication).

Gunnarsdottir et al. (2014) described the clinical
presentation of 3 horses with epithelial inclusion cysts of the
frontal bones, cysts which had features similar to paranasal
sinus cysts. Frontal parasinusal epithelial inclusion cysts are
uniquely different from paranasal sinus cysts in that they occur
centrally over the frontal bone and involve both paranasal
sinuses, with the bony wall of the cyst protruding into the
sinus cavity with no communication between the cyst and
sinus cavities. Their progressive enlargement caused a
demineralisation of the surrounding facial bones, resulting in a
soft, nonpainful, fluctuant, fluid-filled swelling.

Although the surgical management resulted in resolution of
the cyst in the cases reported by Gunnarsdottir et al. (2014), as
well as the case presented in this commentary, a significant
defect remained within the frontal bone. Bone grafting or
placement of surgical implants to cover the remaining defect
in bone, as the authors suggest in the report, may be required
to improve cosmesis. Prompt recognition of these cysts is
important because early surgical intervention will prevent
significant loss of bone and thus avoid the need for extensive
reconstructive surgery.
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Summary
Gross swellings of the equine frontal area are most commonly
caused by the poorly understood disorder of nasofrontal suture
line periostitis that is usually self-resolving, sinus cysts that are
highly amenable to treatment, sinus tumours that in contrast
usually respond poorly to treatment and facial trauma that
may later lead to nasofrontal suture line periostitis. Other
causes of conchofrontal sinus disease such as intrasinus
progressive ethmoid haematoma, primary sinusitis and dental
sinusitis seldom cause gross swellings of the overlying bones.

Introduction
Swellings overlying the sinonasal region (maxillary, lacrimal,
nasal and frontal bones) can develop in horses, with such
swellings most commonly occurring over the maxillary bones.
The less common swellings of the nasofrontal region are usually
caused by disorders of the underlying sinuses, especially sinus
cysts, as described by Gunnarsdottir et al. (2014) in this issue;
also by sinus neoplasia and trauma and less frequently by
primary or dental sinusitis (Dixon et al. 2011). Another relatively
common but poorly studied cause of swellings of the equine
frontal area is inflammation of the nasofrontal sutures.

Inflammation of the facial bone sutures (suture
line periostitis; colloquial term ‘suturitis’)
A craniofacial suture is a specialised fibrous joint only present in
the skull where flat bones are bound together by collagen
fibres and overlying periosteum (Williams and Warwick 1980).
These sutures are the primary site of craniofacial bone growth
and unless they become closed, a small amount of movement
can occur at them, which contributes to the compliance and
elasticity of the skull, especially during birth and later as
mechanical stress absorbers (Rice 2008). In particular, the
specialised assemblage of the more rostral skull bones, i.e.
facial bones along with their suture interfaces can distribute
masticatory forces (Rafferty and Herring 1999; Rafferty et al.
2003). In man, the sutures of the cranium become calcified
and closed between the 2nd and 3rd decade of life soon after
full skull growth is achieved, while the sutures of the facial
bones, that continue to function in local force distribution, do
not usually close until between the 7th and 8th decade (Rice
2008). It is not known when the equine cranial or facial sutures
close, but this process obviously cannot happen until full skull
growth is achieved. Premature closure of craniofacial sutures
(i.e. before full skull growth is present) causes craniofacial
deformities in people (Rice 2008). Closure of the facial sutures
has been shown to be influenced by diet consistency and thus
to masticatory forces in experimental animals (Engström et al.
1986; Kiliaridis et al. 1996). Interspecies differences in which

facial bone sutures undergo most strain during mastication
have also been reported (Rafferty et al. 2003), but such
information is not yet available for equids.

Inflammation of the equine nasofrontal sutures commonly
results in the development of a firm swelling in the frontonasal
region. In 2 referral hospital studies, nasofrontal suture line
periostitis was the cause of 32% (Lane et al. 1987) and 21%
(Tremaine and Dixon 2001a) of firm swellings of the sinonasal
area and it has been suggested that finer-boned horses, such
as Thoroughbreds, are more prone to develop these lesions
(Gibbs and Lane 1987; Dixon 1991). The adjacent nasolacrimal
suture can also be affected in a proportion of cases (Dixon
1991; Tremaine and Dixon 2001a) (Fig 1) and Carslake (2009)
have described maxillolacrimal suture line periostitis while Klein
et al. (2014) described frontolacrimal suture line periostitis.
Because suture periostitis is an inflammatory response, it is
thought to be the result of instability or direct injury and so is
commonly assumed to be the result of facial trauma (Fig 1).
While some affected horses have a definite history or signs of
head trauma (Fig 2), epistaxis of unknown origin or of recent

Fig 1: This horse had suffered trauma to the frontal area of its head.
The partial thickness skin defect should heal without problem and
the owners were advised that nasofrontal suture line periostitis may
develop over the following weeks.
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facial bone surgery, most cases of suture periostitis do not,
including 5 of the 26 cases reported by Tremaine and Dixon
(2001a). Extrapolated from other species, it is possible that
other forces such as masticatory forces could contribute to the
development, or more so, to the persistence of nasofrontal
suture periostitis in some horses.

The primary clinical sign of nasofrontal suture periostitis is
the development of an irregular, firm swelling between and
just rostral to the eyes (Fig 2). Depending on the shape of an
individual horse’s nasofrontal suture, which can vary between
horses (Evans and McGreevey 2006), this swelling may have a
rostrally facing, ‘V’ shape, especially centrally, whereas in
other cases it may be a near linear, horizontal swelling. Suture
periostitis of the nasolacrimal, maxillolacrimal and/or
frontolacrimal sutures that are commonly bilateral, is
manifested as diffuse swelling situated rostral to the medial
canthus of the eye with accompanying epiphora (Dixon 1991;

Tremaine and Dixon 2001a; Carslake 2009); Manso-Diaz and
Taeymans 2012; Klein et al. 2014) (Fig 3). Future computed
tomographic studies should clarify the role of the 3 different
lacrimal bone sutures in clinical suture periostitis at this site.

Initially, nasofrontal suture swellings are noncalcified (Fig 4)
but within weeks, bony exostoses develop at both edges of the
affected suture that surround a central radiolucent area and
then gradually enlarge externally, where they become
clinically apparent (Fig 5) but also internally into the sinus
lumen. Later, presumably when the suture joint becomes
stabilised, the bony swellings gradually remodel back to a
normal contour. Nasofrontal suture line exostoses often take
12–18 months to remodel back to a normal contour, whereas
nasolacrimal suture swellings and the accompanying
epiphora often resolve within a few months (P.M. Dixon
unpublished observations) but Carslake (2009) describe
persistent (>30 months and >48 months) epiphora in 2/3 cases

Fig 2: Nasofrontal suture line periostitis developed in this adult horse
following head trauma. Note the scars over the maxillary and
lacrimal areas (arrows).

Fig 3: This adult horse had inflammation of the nasofrontal and
lacrimal bone sutures (black arrows) following frontal sinus
trephination some weeks previously (blue arrow). It is hard to
understand how such a small trephination could destabilise these
sutures but, in some horses, a frontal sinus trephination may
penetrate the actual suture line and, rarely, localised swellings of
this area following trephination are due to nasofrontal suture
infection.

Fig 4: Radiograph of a soft tissue (arrow) and bony swelling
overlying a nasofrontal suture caused by head trauma. This adult
horse also had fractures of adjacent facial bones (not visible on this
projection).

Fig 5: This horse had a nasofrontal suture line periostitis with an
external swelling with 2 wire markers placed on it. There is new
bone formation on both sides of the suture and a radiolucent area
between - this is not as obvious as usual on this image due to the
anatomy of the individual suture.
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of maxillolacrimal suture periostitis. Rarely, with marked suture
line periostitis, especially of the lacrimal bone sutures,
exudation through the overlying skin can occur. Usually no
treatment is required for facial bone suture periostitis and these
lesions just need to be correctly identified and their owners
reassured about their innocuous nature and that complete
self-resolution will spontaneously occur in nearly all cases.
Rarely, cases will not show good resolution by 12 months and
such cases should be reassessed and may need surgical
stabilisation as described by Manso-Diaz and Taeymans (2012)
and Klein et al. (2014), whose article(s) included some
excellent computed tomographic images of these lesions.

Sinus cysts
Sinus cysts mainly develop within the maxillary sinuses and, in
fact, these lesions were previously termed ‘maxillary cysts’ but
as described in the companion article (Gunnarsdottir et al.
2014), they can also develop in the frontal (or conchofrontal)

Fig 6: This horse had a sinus cyst present within its concho-frontal
sinus that had caused extensive swelling and softening of the
frontal bones.

a)

b)

c)

d)

Fig 7: a) This 26-year-old horse had a 6 mm diameter, soft protrusion over its right frontal bone. b) Aspiration showed it to be filled with
blood-tinged fluid and allowed a circular bone defect to be appreciated. c) Following a sagittal incision in the skin overlying the bony
defect, further haemorrhagic fluid was aspirated from the cyst. d) The cyst lining was removed.
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sinus. These cysts cause very marked remodelling of all tissues
(including bone or teeth) that they come in contact with and
consequently, focal, rounded distortions of the overlying facial
bones (without any noticeable swelling of the adjacent facial
bone suture lines), were present in 46% of horses with sinus cysts
in one survey (Dixon et al. 2011). The accompanying report by
Gunnarsdottir et al. (2014) gives an excellent description of 3
cases of sinus cyst involving the frontal sinuses, with marked
deformation of the overlying bones, similar to those shown in
Figures 6, 7 and 8. The prognosis following surgical removal of
these cysts is excellent (Tremaine and Dixon 2001b; Woodford
and Lane 2006; Hart and Sullins 2011; Dixon et al. 2012b) as was
the case in the series by Gunnarsdottir et al. (2014). Removal of
smaller cysts can be performed minimally invasively using
standing sinoscopy.

Sinus neoplasia
Sinus tumours can also cause extensive bony facial swelling
that may be more diffuse than those caused by sinus cysts
(Fig 9), with such facial swellings recorded in 60% of sinus
tumour cases (Dixon et al. 2011). It is worthwhile examining the
oral cavity of suspect cases of sinus neoplasia because most
sinus squamous cell carcinomas originate at the hard palate
(Dixon and Head 1999). Unlike sinus cysts, the prognosis for
cases of sinus neoplasia, especially soft tissue tumours such as
squamous cell carcinomas and adenocarcinomas, is very
poor following surgical treatment (Dixon and Head 1999).
Fortunately, sinus neoplasia is relatively rare causing just 5% of
sinus disease in one study (Dixon et al. 2011).

Sinus trauma
Trauma to the sinuses is another common cause of
sinus-related facial swelling, with one study reporting that 46%
of sinus trauma cases had swellings of the overlying bones and

31% had epiphora (Dixon et al. 2011). Such cases usually, but
not always, have a history or obvious clinical signs of trauma
(Figs 1 and 2) or a history of epistaxis of unknown origin. The
diagnosis is confirmed by imaging, including ultrasonography.
Many of these cases will have comminuted fractures whose
extent can only be fully appreciated on 3D imaging (Figs 10

Fig 8: This horse had a large cyst filling the left-sided sinus
compartments causing distortion and remodelling of the overlying
bones, swelling and inflammation of the overlying cutaneous
tissues.

a)

b)

c)

Fig 9: a) This horse had an advanced tumour involving the left
maxillary and concho-frontal sinuses. b) and c) These 2 necropsy
examples of fibro-osseous sinus tumours show a generalised
expansion of the maxillary and frontal bones.
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and 11). Facial swelling following trauma can be due to soft
tissue inflammation, diffuse periostitis of traumatised facial
bones and later callus formation at fracture sites (Fig 12). Many
of these cases will additionally later develop suture line
periostitis as described above.

Progressive ethmoid haematoma
These lesions that can be classified as haemorrhagic polyps
mainly develop in the nasal ethmoturbinates, but can also
develop within the paranasal sinuses, usually originating at the

Fig 11: This computed tomography image of the head of a horse
that suffered head trauma shows multiple fractures of the frontal
bones with overlying subcutaneous swelling.

Fig 10: Computed tomography image of a horse that presented
with bilateral epistaxis and head swelling. This image shows
multiple facial bone fractures with gross subcutaneous soft tissue
swelling and emphysema. The sinuses and nasal conchae are
filled with blood clots.

Fig 12: Skull of horse that had suffered from a depressed
comminuted skull fracture involving the nasofrontal (right side),
nasolacrimal, nasomaxillary and lacrimomaxillary (left side) suture
lines. There is also marked osteitis of the adjacent left maxillary
bone.

Fig 13: This computed tomography image from a horse with
primary sinusitis of the left sinus compartments shows low grade
osteitis in the ipsilateral maxillary and nasal bones (arrows) along
with overlying cutaneous swelling.
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intrasinus aspects of the ethmoturbinates. Unlike other
intrasinus growths (cysts and neoplasms), progressive ethmoid
haematomata rarely cause gross distortion of the overlying
facial bones, with mild facial swelling present in 14% of cases in
one study (Dixon et al. 2011).

Primary and dental sinusitis
Primary and dental related sinusitis are the 2 main causes of
equine sinus disease representing a combined 68.5% of all sinus
disease in a recent study (Dixon et al. 2012a). In contrast to
horses with sinus cysts, trauma or neoplasia, horses with primary
or dental sinusitis seldom develop pronounced, focal swellings
of the overlying bones. In one study, 22.5% of cases of primary
sinusitis developed slight, diffuse facial swelling caused by low
grade osteitis of the overlying maxillary or frontal bones and/or
inflammation of the overlying cutaneous tissues (Fig 13), while
2% of cases with chronic primary sinusitis developed more
pronounced facial swelling (Dixon et al. 2011). The latter is
more likely in horses that have received inappropriately long

courses of antibiotic therapy (Fig 14) when infection becomes
walled-off in sinus compartments causing gross swelling and
possibly discharging tract formation in the overlying bones. It
has been recommended that cases of suspected primary
sinusitis that do not respond to a maximum of two, 2 week
courses of antibiotic therapy should be further investigated.
Common reasons for lack of response of sinus infection to
conservative therapy include the presence of inspissated
exudate in the sinuses or, alternatively, that they are suffering
from a dental infection (Dixon et al. 2012b).
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Fig 14: Both horses suffered from chronic primary sinusitis and had
inappropriate length (>6 months) courses of antibiotic therapy.
Infection became walled-off within the frontal sinuses in both cases
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distortion in both and osteomyelitis and a discharging tract in one
(b).
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Summary
The following article discusses the clinical appearance,
diagnosis and therapeutic options for ocular neoplasia in the
horse based on anatomic location.

Introduction
The most common tumours in the horse are sarcoids,
squamous cell carcinomas (SCCs) and melanomas (Scott and
Miller 2003; Valentine 2006; Schaffer et al. 2013). Ocular
tumours account for approximately 10% of all equine
neoplasms, and SCC is the most common tumour-type of the
equine eye (Baker and Leyland 1975; Strafuss 1976; Lavach
and Severin 1977; Sundberg et al. 1977; Giuliano 2011). Equine
ocular tumours provide both diagnostic and therapeutic
challenges. Acquisition of tissue samples for cytology and
histopathology prior to surgery can prove difficult; fortunately,
tumour location and appearance can assist in tumour
identification. Therapeutic challenges arise from the fact that
the majority of equine ocular neoplasms are malignant (locally
invasive with a risk of recurrence), and complete excision with
adequate margins is often impossible. As such, adjunctive
therapy following surgical intervention is required in most
cases. General anaesthesia for equine ocular surgery provides
an additional challenge, as horses undergoing ocular surgery
are at greater risk for an unsatisfactory recovery from
anaesthesia (Parviainen and Trim 2000). Nevertheless, standing
surgical procedures can be safely performed in horses with the
appropriate temperament, utilising appropriate sedation and
local anaesthesia techniques. Techniques for standing ocular
procedures in horses are described in detail elsewhere and are
beyond the scope of this article (Dwyer 2011; Labelle and
Clark-Price 2013).

Equine ocular tumours can be categorised based on
anatomic location into orbit, adnexa/palpebral conjunctiva,
nictitating membrane, cornea/sclera/bulbar conjunctiva
and intraocular. Each anatomic location possesses unique
differentials for tumour-type, prognostic factors and
therapeutic considerations. Irrespective of tumour-type,
biopsy and histopathology are recommended for definitive
diagnosis in all horses. Consideration should also be given to
the fact that the prognosis for ocular tumours reported in the
literature predominantly reflects horses treated at secondary
or tertiary referral hospitals without accounting for the
population of horses responding to therapy initiated by equine
primary care. As a result, this review may overestimate rates of
metastasis and tumour recurrence for horses presenting to
equine primary practitioners. Nevertheless, successful therapy
for equine ocular tumours requires early diagnosis and
aggressive, appropriate intervention.

Orbit
Orbital neoplasia is rare in the horse compared to other species;
the most common orbital tumours are neuroendocrine tumours
and extra-adrenal paragangliomas, followed by anaplastic
sarcoma and SCC (originating from ocular tissue) (Gilger
2011). Approximately 5% of all ocular SCCs progress to orbital
invasion and/or extension to nasal and sinus cavities
(Mosunic et al. 2004). Other orbital tumours reported include
malignant rhabdoid tumour, fibroma, melanoma, lipoma,
adenocarcinoma, metastatic lymphosarcoma, chondroma
rodens and neuroepithelial tumours (Lavach and Severin 1977;
Bistner et al. 1983; Richardson and Acland 1983; Sweeney and
Beech 1983; Freestone et al. 1989; Hong et al. 1999; Colitz et al.
2000; Miesner et al. 2009). Orbital tumours can arise from
primary orbital tissue, involve direct extension from adjacent
structures (sinuses or nasal cavity), or metastasise from distant
sites (e.g. lymphosarcoma). Clinical signs of retrobulbar
neoplasia include exophthalmos, strabismus, elevation of the
nictitating membrane and periorbital swelling (Fig 1).
Abnormalities detected with digital palpation can include
decreased retropulsion of the globe as well as periosteal
reaction/distortion of the orbital rim. Ocular abnormalities
include chemosis, anisocoria (mydriasis with absent pupillary
light reflex) and vision loss. Ocular ultrasound can assist in
evaluating the retrobulbar space for evidence of neoplasia
(mass lesion with or without indentation of the globe) but
is difficult to interpret. Advanced imaging (computed
tomography scan) is most appropriate for obtaining a
diagnosis, evaluating the extent of tumour involvement, and
facilitating surgical planning. Computed tomography can also
provide anatomic landmarks for obtaining presurgical cytology
and histopathology samples.

Unfortunately, the potential space of the equine orbit and
sinuses allows for significant progression of orbital tumours
before clinical abnormalities are detected. In many cases,
equine orbital tumours progress beyond the scope of surgical
resection by the time of diagnosis. Orbital tumours with
concurrent neurological abnormalities or sinus/nasal cavity
involvement (e.g. epistaxis) carry a poor prognosis (Dugan
et al. 1991; Basher et al. 1997). Regional lymph nodes should
be palpated to evaluate for evidence of metastases; lymph
node aspirates, thoracic radiographs and abdominal
ultrasound should be considered for all orbital tumours.
Negative findings do not, however, rule out the possibility of
metastasis.

In horses with resectable orbital tumours without evidence
of metastasis, surgery typically involves exenteration with
or without adjunctive therapy (Gilger 2013). Neuroendocrine
tumours of the orbit grow slowly and rarely metastasise,
making horses with this tumour type ideal for exenteration

372

© 2014 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / JULY 2014

mailto:keith_montgomery@ncsu.edu


(Miesner et al. 2009). Recurrence following exenteration of
extra-adrenal paragangliomas is rare; however, severe
bleeding and decreased arterial pressure are reported
intraoperatively (Miesner et al. 2009). Tumour excision with
retention of globe has been attempted unsuccessfully for
neuroendocrine tumours in several horses (Koch et al. 1980;
Freestone et al. 1989; Goodhead et al. 1997). Exenteration for
horses with orbital SCC and anaplastic sarcomas were
unsuccessful in extending the survival time compared to horses
receiving no treatment, indicating a worse prognosis for these
tumour types (Baptiste and Grahn 2000). Regardless of tumour
type, the prognosis for retention of the globe is poor; early
diagnosis and surgical intervention may improve the survival
time for a subset of horses diagnosed with orbital tumours.

Adnexa
Common eyelid tumours in the horse include SCC and sarcoid;
infrequently diagnosed adnexal tumours include papilloma,
melanoma and lymphosarcoma (Giuliano 2011). Ocular SCC
should be considered a differential for any sessile, ulcerative,
erythematous lesion with an irregular surface (Fig 2) The most
commonly reported location for ocular SCC in horses is the
eyelid followed by the nictitating membrane (Mosunic et al.
2004). Presumptive diagnosis of ocular SCC may be reached
based on lesion location and appearance, but histological
confirmation is required. The underlying pathogenesis for

ocular SCC is not well understood; ultraviolet light (UV)
exposure, p53 mutations, viral infections, genetics, hormones
and immune factors are all potential contributors to this
disease (Clode 2011). Horses with hypopigmentation of ocular
and periocular tissues, such as Appaloosas, Quarter Horses
and Paints, appear to be predisposed to developing SCC
(Lavach and Severin 1977; Walker et al. 1986; Dugan et al.
1991; King et al. 1991; Mosunic et al. 2004). Thoroughbreds,
Haflingers and draught horses are also overrepresented
despite normal pigmentation (Walker et al. 1986; Schwink
1987; Dugan et al. 1991; King et al. 1991).

Ocular SCC in horses is locally invasive with a potentially
high recurrence rate following treatment. Horses with SCC
involving the eyelid or orbit are reported to have the poorest
prognosis (Dugan et al. 1991). Unilateral disease is typical,
although bilateral involvement can be as high as 20% in
affected horses (Mosunic et al. 2004). As a result, the
contralateral, ‘unaffected’ eye should be closely evaluated
for evidence of neoplasia. Serosanguinous ocular discharge is
easily detected and should raise the index of suspicion for SCC
in the contralateral eye. Ocular SCC has a low rate of
metastasis (0.3–18.6% depending on the study) that occurs
late in the disease process (Mosunic et al. 2004). However,
regional palpation should be performed as metastasis to local
lymph nodes, salivary glands and lungs have been reported
(Gelatt et al. 1974; Ellis 2006).

Treatment options include immunotherapy, intralesional
chemotherapy (cisplatin), surgical excision and surgical
excision with adjunctive therapy in the form of cryotherapy,
radiofrequency hyperthermy, chemotherapy, radiation
therapy (brachytherapy or strontium-90), CO2 laser ablation
and photodynamic therapy (PDT) (Mosunic et al. 2004;
Giuliano 2011). Surgical excision alone can be curative
with tumour-free margins of 2 cm (Giuliano 2011), however
equine periocular skin is firmly attached to underlying fascia
with poor superficial blood supply, making reconstructive
blepharoplasties at high risk for dehiscence or necrosis (Gelatt
1967; Lavach 1990). Thin, elastic equine eyelids are fragile and
maintenance of eyelid function is paramount. As a result,

a)

b)

Fig 1: (a and b) Exophthalmos, elevation of the nictitating
membrane, and periorbital swelling consistent with a retrobulbar
tumour.

Fig 2: Lower eyelid squamous cell carcinoma; squamous cell
carcinoma should be considered a differential for any sessile,
ulcerative, erythematous lesion with an irregular surface.
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surgical intervention for periocular SCC is often restricted to
tumour-debulking procedures. Recurrence rates for the
various therapies range widely from 0–67% depending on the
treatment modality and study (Giuliano 2011). Adjunctive
radiation therapy for ocular and adnexal SCC across all
anatomic locations resulted in recurrence rates of 11–25%
depending on the study (Mosunic et al. 2004). Surgical excision
alone for periocular SCC originating from the eyelid resulted in
a recurrence rate of 54% compared to 0% recurrence for
surgical excision with adjunctive radiation therapy (Mosunic
et al. 2004). As a result, horses undergoing surgical excision of
periocular SCC should receive the benefit of adjunctive
therapy. In horses where SCC invasion is significant,
enucleation or exenteration is necessary to achieve complete
resection (Clode 2011).

Adjunctive therapies most commonly reported for
ocular SCC (with percent recurrence) include interstitial
radiation/brachytherapy (16%), strontium-90 radiation (15%),
cryosurgery (36%), and PDT (11%) (Giuliano 2011).
Photodynamic therapy is the most recently developed
adjunctive therapy for adnexal SCC, involving infiltration of the
tumour with a photoactive agent that induces cellular
destruction in response to local application of laser energy
(Giuliano et al. 2008). An initial pilot study evaluating the
effectiveness of PDT for adnexal SCC was favourable with
recurrence in only 1/9 horses (repeat PDT was performed) and
overall disease free intervals of 25–68 months were reported
(Giuliano et al. 2008). Regardless of the treatment modality
employed, horses diagnosed with ocular or adnexal SCC
should be monitored routinely for recurrence or the presence
of de novo tumours. Horses with hypopigmentation of ocular
and periocular tissues or a history of ocular SCC may also
benefit from reduced ultraviolet light exposure.

Sarcoids are cutaneous tumours of fibroblastic origin
and varied clinical appearance that frequently involve the
eyelids and periocular region (Ragland et al. 1970; Cotchin
1977; Genetzky et al. 1983). A surgical biopsy is required
to differentiate sarcoids, which are locally invasive and
nonmetastatic, from other tumours or granulation tissue
(Hendrick et al. 1998). Sarcoids are classified as occult,
verrucose, nodular, fibroblastic or mixed, with most periocular
sarcoids being of the nodular, fibroblastic or mixed types
(Giuliano 2011). Nodular sarcoids are raised, well-demarcated,
ovoid tumours either restricted to subcutaneous tissues (type
A) or invading the epidermis (type B; Fig 3). Fibroblastic
sarcoids are pedunculated (type A) or sessile (type B) and
appear fleshy and ulcerated. Mixed sarcoids possess features
of one or more types of sarcoid (Fig 4). The pathogenesis
of sarcoids is not completely understood; however, a viral
aetiology is suggested with bovine papilloma virus specifically
being implicated (Carr et al. 2001a,b; Chambers et al. 2003;
Bogaert et al. 2007; Haralambus et al. 2010). Any breed can
develop sarcoids, although Quarter Horses, Appaloosas and
Arabians appear to be overrepresented (Angelos et al. 1988;
Mohammed et al. 1992).

Treatment for sarcoids includes topical medical
therapy, immunotherapy, chemotherapy, surgical excision,
cryotherapy, hyperthermia and brachytherapy. Local
recurrence is a potential complication of any type of therapy
for sarcoids. Topical medications cause significant irritation of
the sarcoid allowing the immune system to mount a response
to tumour tissue. Bloodroot (XXTERRA) is one such topical
therapy; these substances are very irritating and should not be

used on or near the eye due to the potential for severe keratitis
(Giuliano 2011). Imiquimod (Aldara), an immune-response
modifier with an unknown mechanism of action, has been
utilised to effectively treat periocular sarcoids in one pilot study
(Nogueira et al. 2006). Alopecia, erythema, and exudation
are common side effects following topical application of
5% imiquimod cream, and contact with the cornea will
presumably result in keratitis. As a result, periocular
administration of imiquimod should be recommended with
caution.

Immunotherapy and chemotherapy are administered via
intralesional injection. Whole-cell bacillus Calmette-Guérin
(BCG) vaccine is the most common immunotherapy agent
used to treat equine ocular sarcoids. An attenuated form of
Mycobacterium bovis, BCG vaccine stimulates the immune
system and initiates antibody response to tumour antigens
(Lavach et al. 1984; Vanselow et al. 1988; Marti et al. 1993).
Protocols for BCG administration vary but typically include
saturation with a dose of 1.0 ml/cm2 of surface area with
reinjection every 2–4 weeks for a total of 3–9 treatments
(Lavach et al. 1984; Dugan 1992; Fadok 1995). Swelling,
ulceration and necrosis of the sarcoid typically occur 2–14
days post injection. Rare and potentially fatal, anaphylactic
reactions can develop starting with the second injection (one

a)

b)

Fig 3: a) A nodular sarcoid (type A) involving the lateral canthus.
b) A nodular type B sarcoid involving the medial canthus. Type A
sarcoids are completely subcutaneous and type B invade the
epidermis.
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horse in a case series of 309 horses developed clinical signs of
anaphylactic shock); pretreatment with systemic flunixin
meglumine, antihistamines or corticosteroids are indicated
(Knottenbelt and Kelly 2000). An emulsion of BCG cell wall
fractions can be utilised to minimise the risk of anaphylaxis
while maintaining antitumour activity (Yarkoni and Rapp 1979;
Dugan 1992). Recurrence rates of 0–31% are reported for
sarcoids responsive to this treatment modality (Lavach et al.
1985; Knottenbelt and Kelly 2000). Fibroblastic and nodular
sarcoids have an overall good response to immunotherapy;
however, superficial (verrucose, occult or mixed) sarcoids
typically respond poorly to BCG injections (Knottenbelt and
Kelly 2000).

Intralesional cisplatin utilising an oily emulsion or
biodegradable beads has resulted in recurrence of 13–67%
and 15% respectively for periocular sarcoids (Théon et al. 1993;
Knottenbelt and Kelly 2000; Hewes and Sullins 2006). Cisplatin
can be administered alone or in conjunction with surgery.
Variation in recurrence among studies may depend on
differences in treatment protocols and whether surgical
excision was performed. An oily emulsion has been used most
commonly: 1 mg of cisplatin/cm3 of tumour tissue is injected at
2-week intervals for a total of 4 treatments (Théon et al. 2007).
Side effects include tissue oedema, erythema and crusting;
increased severity accompanies subsequent injections (Théon
et al. 2007). Electrochemotherapy can also be performed
and involves 4 cisplatin treatments followed by electrical field
pulses to induce improved drug absorption via increased
cell membrane permeability. General anaesthesia is required,
however, as sedation does not provide sufficient
immobilisation for application of electrical pulses (Tamzali et al.
2012).

Use of cryotherapy or hyperthermia should be restricted to
sarcoids that have first undergone surgical debulking.
Cryotherapy is administered in a double freeze/thaw cycle
with a rapid freeze and slow thaw necessary for appropriate
tissue freezing, using a tissue temperature probe to ensure
tissue temperatures of -25°C encompassing 0.5 cm margins
around the tumour (Giuliano 2011). Cryotherapy as a
monotherapy resulted in a recurrence rate of 91% with a

significant number of horses developing severe cicatrisation of
the upper eyelid as a result of tissue necrosis (Knottenbelt and
Kelly 2000). Hyperthermia therapy utilises a radiofrequency
hyperthermia device to elevate tissue temperatures to
41–45°C to treat superficial lesions. Hyperthermia produced
similar results as cryosurgery as a monotherapy for periocular
sarcoids, and was only successful in preventing tumour
regrowth when combined with surgical debulking (Knottenbelt
and Kelly 2000; Ford et al. 2002).

Brachytherapy utilises interstitial administration of gamma
radiation (via sealed radioactive sources) to treat periocular
tumours. Due to special licensure requirements, isolation
facilities and cost, brachytherapy is restricted to secondary
and tertiary referral centres. Interstitial brachytherapy with
iridium-192 resulted in 1-year and 5-year progression-free
survival rates of 87% and 74% respectively (Théon and Pascoe
1995). Resolution rates for periocular sarcoids as high
as 98–100% have also been reported for iridium-192
brachytherapy (Knottenbelt and Kelly 2000; Byam-Cook et al.
2006). Brachytherapy can also be performed with or without
surgical debulking; reported side effects included alopecia,
depigmentation, mild cicatrisation, orbital bone sequestrum
and keratitis/corneal ulcers (Théon and Pascoe 1995;
Knottenbelt and Kelly 2000; Byam-Cook et al. 2006).

Surgical therapy without adjunctive therapy is not
recommended as a high recurrence rate (82% in one study)
and transformation to an aggressive fibroblastic lesion have
been reported (Roberts 1970; Knottenbelt and Kelly 2000). As
discussed previously, reconstructive eyelid surgery also has the
potential for high morbidity, so surgical intervention should be
restricted to debulking procedures in conjunction with
adjunctive therapy. Carbon dioxide laser ablation of sarcoids
results in lower recurrence rates than surgery alone, but is at risk
for exuberant granulation tissue (Palmer 1989; Marti et al.
1993). Benign neglect should also be avoided for sarcoids: as
few as 6% of horses that were ‘treated’ with benign neglect
avoided future therapy, and euthanasia was required for over
half (65%) of this population of horses due to extensive tissue
involvement (Knottenbelt and Kelly 2000). Even though
metastasis is not a concern for sarcoids, early therapeutic
intervention provides more treatment options and an
improved prognosis as long duration and large tumour size
increase the risk for recurrence (Broström 1995).

Extraocular lymphosarcoma is uncommon in horses and
can be classified as diffuse or nodular (Fig 5). Adnexal
lymphosarcoma manifests as eyelid inflammation or diffuse,
periocular swelling. Horses diagnosed with extraocular
lymphosarcoma with eyelid or cutaneous involvement had a
poor outcome (tumour persistence or eventual euthanasia) in
the majority of cases whereas other extraocular locations
(cornea, sclera, third eyelid, conjunctiva) had a good
outcome in 62% of horses (Schnoke et al. 2013). Presence of
bilateral extraocular lymphoma and involvement of multiple
sites did not affect prognosis. Therapy for lymphosarcoma
includes surgical resection, intralesional steroids, systemic
corticosteroids, systemic chemotherapy or some combination
thereof. Surgical resection of extraocular lesions as part of the
treatment regimen, including lesions restricted to the
palpebral conjunctiva, improves the chance of a positive
outcome compared to horses not undergoing surgery
(Schnoke et al. 2013).

Melanomas involving the eyelid are also relatively
uncommon in horses; however, adnexal melanomas were

Fig 4: An extensive, mixed sarcoid involving the upper eyelid and
medial canthus.
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present in 24% of horses diagnosed with melanomas in one
study (Fleury et al. 2000). Melanoma is the primary differential
for slowly progressive, pigmented eyelid masses and are
typically hemispheric in shape (Fig 6). Older horses and horses
of grey coat colour have a higher incidence of cutaneous
melanoma with initial onset at age 5–10 years (Fleury et al.
2000). Few reports of adnexal melanoma exist in the literature,
so information regarding prognosis and response to treatment
are unknown. Surgical excision, CO2 laser ablation and
cryotherapy have all been recommended (Giuliano 2011).
Excision of eyelid melanoma is typically curative as most
tumours are benign. Surgical resection combined with
photodynamic therapy has also been reported as a successful
treatment option; however, thorough physical examination of
affected horses is necessary to evaluate for metastatic disease
(Giuliano et al. 2005).

Other neoplastic lesions affecting equine adnexa include
papillomas, benign and malignant vascular tumours (e.g.
haemangiosarcoma), fibroma, fibrosarcoma, adenoma,
adenocarcinoma, basal cell carcinoma and mast cell
tumours (Giuliano 2011). Conjunctival pseudotumours are
inflammatory lesions that appear as nodular or smooth, raised
pink conjunctival masses, and must be differentiated from

neoplastic lesions (Moore et al. 2000b). Histopathology is
required for definitive diagnosis of all adnexal tumours. Factors
to consider for therapy besides tumour-type include tumour
size and invasiveness, malignancy, potential for metastatic
disease, and tumour location. Surgical excision with or without
adjunctive therapy, as described, is warranted for most
adnexal tumours.

Nictitating membrane
Ocular tumours restricted to the nictitating membrane include
SCC and lymphosarcoma; rare reports of mast cell tumour,
haemangiosarcoma, lymphangiosarcoma, adenocarcinoma
and basal cell carcinoma also exist (Sansom et al. 2006;
Gearhart et al. 2007; Puff et al. 2008; Payne et al. 2009; Labelle
et al. 2011; Mathes et al. 2011). Squamous cell carcinoma is
by far the most common tumour affecting the nictitating
membrane and accounts for approximately 77% of horses
undergoing excision of the nictitating membrane (Fig 7).
Surgical excision of the nictitating membrane for SCC has
a good prognosis with a nonrecurrence rate of 90–100%
depending on the study (Payne et al. 2009; Labelle et al.
2011). Performing excision of the nictitating membrane in
horses with standing sedation was not associated with an
increased risk of tumour recurrence compared to horses
undergoing general anaesthesia (Labelle et al. 2011).

Extraocular lymphosarcoma involving the third eyelid
can appear as a discrete nodule with minimal effect on
surrounding conjunctiva (Fig 8) or as diffuse swelling of
periocular tissues. The nodular form probably has a better
prognosis because of the possibility of complete surgical
resection. All horses with resectable nodular lymphosarcoma
involving the nictitating membrane or conjunctiva underwent
surgery in one study; 80% of these horses had a favourable
outcome (complete remission and absence of systemic
involvement for greater than one year) (Schnoke et al. 2013).
Administration of intralesional corticosteroids was also
reported by Schnoke et al. (2013) and had a favourable
outcome in a limited number of horses. The anatomy of the
nictitating membrane lends itself well to excision with the
goal of achieving complete tumour resection. Potential
complications of nictitating membrane include mild ocular
discharge, orbital fat prolapse and incomplete tumour
excision (Giuliano 2011; Labelle et al. 2011).

Fig 5: Extraocular lymphosarcoma involving the palpebral
conjunctiva of the lower eyelid; ulceration of the conjunctival
surface due to exposure has resulted in fluorescein stain uptake.

Fig 6: An ovoid, cutaneous melanoma involving the lower eyelid of
a grey horse.

Fig 7: A squamous cell carcinoma located on the palpebral
surface of the third eyelid.
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Cornea/sclera/bulbar conjunctiva
Squamous cell carcinoma is also the most common corneal
tumour in horses, and the corneosclera and bulbar
conjunctiva account for 34–37% of all ocular SCC (King et al.
1991; Mosunic et al. 2004). Corneal SCCs appear as sessile,
raised pink-white masses with a cobblestone appearance
(Fig 9). Other differentials for corneal SCCs include eosinophilic
or immune-mediated keratitis, granulation tissue, or other
neoplastic lesions (vascular tumours, mastocytomas,
melanoma, and lymposarcoma) (Clode 2011). Diagnosis of
corneal SCC predominantly relies upon its characteristic
clinical appearance and histopathological confirmation
following excision. However, if eosinophilic or immune-
mediated keratitis is suspected, cytology or symptomatic
therapy using topical corticosteroids or cyclosporine A may be
indicated.

Treatment options for corneal SCC include surgical
excision (keratectomy) alone or surgical excision with
adjunctive therapy in the form of cryotherapy, radiofrequency
hyperthermia, chemotherapy, B-irradiation or CO2 laser
ablation. Recurrence rates for the various therapies range
widely from 0 to 51% depending on the treatment modality
and study (Mosunic et al. 2004; Clode 2011). Surgical excision
alone and surgical excision combined with cryotherapy
resulted in recurrence rates of 51% and 32%, respectively

(Mosunic et al. 2004). The most recent studies evaluating
surgery with adjunctive strontium-90 irradiation, CO2 laser
ablation or mitomycin-C therapy had recurrence rates of 17%,
13.3% and 16.6% respectively (Plummer et al. 2007; Clode et al.
2012; Michau et al. 2012). In horses where ocular surface SCC
invasion is significant, enucleation or exenteration is necessary
to achieve complete resection (Clode 2011).

Other tumours involving the ocular surface include
vascular tumours (e.g. haemangioma, haemangiosarcoma),
mast cell tumours, epibulbar or conjunctival melanoma, nerve
sheath tumours and lymphosarcoma (McMullen et al. 2008;
Kappe et al. 2009; Pinn et al. 2011; Halse et al. 2013; Schnoke
et al. 2013). All of these tumour types are rarely diagnosed on
the equine cornea and sclera. Benign vascular tumours and
mast cell tumours have a favourable prognosis following
surgical excision with adjunctive therapy. Few reports of
epibulbar melanoma exist and range from benign to
low-grade malignancy that responds to mass removal and/or
enucleation (Hirst et al. 1983; Hamor et al. 1997; McMullen
et al. 2008). A single report of primary malignant melanoma
responded well to exenteration following failed attempts at
local excision combined with cryosurgery (Moore et al. 2000a).

The prognosis for malignant vascular tumours is poor and
lymphatic metastasis frequently occurs (Hacker et al. 1986;
Bolton et al. 1990). At least one horse diagnosed with corneal
haemangiosarcoma responded well to keratectomy alone;
however, this appears to be the exception (Pinn et al. 2011).
A single report of peripheral nerve sheath tumour affecting
the cornea has been reported, which necessitated
enucleation; follow-up information for this horse was not
available (Kappe et al. 2009). Corneoscleral lymphosarcoma
may be a manifestation of systemic lymphosarcoma and
associated with a grave prognosis; 95% (20/21) of horses with
ocular lymphosarcoma died or were subjected to euthanasia
within 6 months of diagnosis due to associated systemic disease
in one study (Rebhun and Del Piero 1998). However, in a more
recent report, 4 of 5 horses diagnosed with corneoscleral
lymphosarcoma experienced a favourable outcome (no
evidence of recurrence or systemic involvement) following
surgical resection or enucleation (Schnoke et al. 2013).

Intraocular
Primary intraocular tumours are rare in horses; uveal
melanoma is the most common intraocular tumour reported

a)

b)

Fig 8: (a and b) Nodular lymphosarcoma originating from the
bulbar surface of the third eyelid.

Fig 9: A sessile, raised pink-white mass consistent with a corneal
squamous cell carcinoma originating from the ventromedial
limbus.
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and typically affects the iris and ciliary body (Matthews and
Barry 1987). Other neoplastic lesions arising from the anterior
uvea include medulloepitheliomas (primary) and
lymphosarcoma (metastatic). Medulloepitheliomas (teratoid
and nonteratoid) can also originate from the posterior
segment. Other primary tumours affecting the posterior
segment include retinoblastoma, choroidal melanoma,
astrocytoma, glioma and oligodendrocytoma (Gelatt et al.
1971; Lavach and Severin 1977; Knottenbelt et al. 2007; Wilkie
2011). Metastatic neoplasia can also affect the posterior
segment with lymphosarcoma being most common (Wilkie
2011). Metastatic intraocular tumours are typically associated
with significant uveitis and haemorrhage compared to primary
tumours.

Like cutaneous melanoma, horses with grey coat colour
are predisposed to uveal melanomas (Barnett and Platt 1990).
However, the age of onset for intraocular melanomas is
different as young adult horses (age 6–10 years of age) are
most frequently affected (Barnett and Platt 1990). Clinical signs
include an enlarging, pigmented mass within the anterior
chamber with distortion of the pupil (dyscoria) (Fig 10). If the
tumour contacts the corneal endothelium, corneal oedema
will also be present. Signs of anterior uveitis (aqueous flare,
fibrin etc.) are typically absent; however, secondary
glaucoma is a potential complication, possibly due to
obstruction of aqueous outflow. Ocular signs of
blepharospasm, epiphora and buphthalmia are unlikely to be
present until late in the course of tumour progression.
Differentials for intraocular melanomas include iris and corpora
nigra cysts and iris hypoplasia (Hollingsworth 2011). The only
reports of choroidal melanoma in the horse predate 1950;
however, it should be considered a differential for any
pigmented, raised lesions involving the fundus (McFadyean
1933). Amelanotic melanoma is also a differential for any
lightly or nonpigmented intraocular mass.

Most iridociliary melanomas remain static or progress slowly
after initial diagnosis; however, rapid enlargement and
seeding of the posterior segment with neoplastic cells are
possible (Matthews and Barry 1987; Scotty et al. 2008). This
tumour type does not exhibit cytological evidence of
malignancy, and metastasis has not been reported (Matthews
and Barry 1987). Treatment for intraocular melanomas is

typically enucleation due to intraocular complications such as
glaucoma. Sector iridectomy has been successfully
performed in at least 2 horses with iris melanoma prior to
extensive intraocular invasion or secondary complications
(Latimer and Wyman 1983; Scotty et al. 2008). However, the
potential for intraoperative complications (intraocular
haemorrhage, incomplete excision etc.) associated with
iridociliary tumour resection is high.

Medulloepitheliomas are primary intraocular tumours that
occur in young horses and are derived from primitive
neuroectodermal tissue (Wilcock et al. 2002). These tumours
can be benign or malignant and are classified as teratoid
or nonteratoid. Intraocular medulloepitheliomas typically arise
form the ciliary body or optic nerve. Clinical appearance
of intraocular medulloepitheliomas consists of nonpigmented,
fleshy mass lesions filling the pupil or anterior chamber (Bistner
1974; Riis et al. 1990; Leiva et al. 2013). More severe ocular
signs are associated with disease progression and disruption
of intraocular anatomy (e.g. corneal oedema,
neovascularisation, glaucoma, buphthalmia). Intraocular
medulloepithliomas are locally aggressive and slow growing
with rare metastasis, although orbital extension, with or without
intracranial invasion, has been reported (Blodi and Ramsey
1967; Eagle et al. 1978). Enucleation is recommended for
medulloepitheliomas with no evidence of extraocular
extension. Astrocytomas, gliomas and oligodendrocytomas all
arise from the optic nerve, are typically benign, and must be
differentiated from proliferative optic neuropathy and
traumatic optic neuropathy (Wilkie 2011).

Lymphosarcoma is the most common metastatic tumour
of the equine eye. In horses diagnosed with systemic
lymphoma, approximately 25% exhibit nonspecific ocular signs
including eyelid inflammation and anterior uveitis (aqueous
flare, hypopyon, iridal infiltration etc.) (Rebhun and Del Piero
1998). Posterior segment abnormalities such as retinal
detachment can also be present. Systemic abnormalities are
often present including fever, weight loss, lethargy and
peripheral lymphadenopathy. Physical examination as well as
complete blood count and serum biochemistry should be
performed as part of the diagnostic evaluation of uveitis. Early
recognition of ocular lesions consistent with lymphosarcoma
may allow for more rapid diagnosis (Rebhun and Del Piero
1998). Ocular therapy should include topical corticosteroids
and atropine as well as systemic corticosteroids. Enucleation
for intraocular lymphoma is typically not indicated except for
palliative reasons (e.g. secondary glaucoma) as the prognosis
for systemic lymphosarcoma in horses is grave.
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Hypothesis Article

A hypothetical, aetiological relationship between the horse’s bit,
nasopharyngeal asphyxia and negative pressure
pulmonary oedema
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Summary
Tentative explanations for the aetiology of soft palate instability
and dorsal displacement at exercise are based on the
proposition that it is caused by one or more, as yet
unidentified, neuromuscular or inflammatory diseases. As
judged by reviews, none of the treatments based on these
assumptions are entirely satisfactory. Most researchers agree
that their cause is unknown. In 1999, Cook proposed that they
were caused by the bit breaking what should be an airtight lip
seal. The present article describes a development of this
hypothesis – loss of oral compartment subatmospheric
pressure. The feral horse is an obligate nose-breather and runs
with a closed mouth and no air in the oral cavity and
oropharynx. Evacuation of air from these compartments is
proposed as the primary mechanism, strengthened by the
cohesive force of surface tension, whereby the soft palate
resists the elevating force of negative pressure on inspiration. It
is suggested that subatmospheric pressure in the oral
compartment is generated by a single swallow before running.
Poll extension supplements the rigidity of the nasopharyngeal
tube and reinforces the ostium intrapharyngium seal. In the
domesticated horse, the lip seal is broken by a bit and
bit-induced poll flexion, jaw and tongue movement often
breaks the ostium seal. Oral atmospheric pressure is proposed
as the mechanism for nasopharyngeal asphyxia. It is
considered that negative pressure pulmonary oedema –
currently known as exercise-induced pulmonary
haemorrhage and conventionally thought to be a separate
problem – is one of its clinical signs. It is suggested that the bit
is the most common cause of nasopharyngeal asphyxia and
that this, in turn, results in a cascade of dynamic obstructions in
the larynx and cervical trachea, leading ultimately to
pulmonary oedema and ‘bleeding.’ It is concluded that these
are sequelae to rules in many disciplines that mandate bit
usage.

Introduction
Palatal dysfunction is cited as the most common equine upper
airway problem (Allen et al. 2012). It is a familiar problem in
racehorses but also occurs in sport horses (Erck-Westergren
2011). The literature reveals a cart-before-horse situation.
Removal of cause is a prerequisite for treatment, yet
publications recommending treatment concede that the
cause is unknown.

Since 1998, countless horses have been switched overnight
from bitted to bitless bridles. Fifteen years of ‘natural
experiments’ have demonstrated behavioural improvement
and disease regression after bit removal (Cook 1999, 2000,

2002, 2003, 2005, 2011, 2013; Cook and Strasser 2003; Cook and
Mills 2010). A bit is a foreign body in the oral cavity, causing
pain and fear. It triggers digestive system responses rather than
the respiratory and cardiovascular system responses required
for exercise.

The objective of this article is to explore the evidence for
the proposition that there is a causal link between the bit,
nasopharyngeal asphyxia and negative pressure pulmonary
oedema (‘bleeding’). This biomechanical hypothesis is
evaluated by examining 2 subsidiary hypotheses: 1) that oral
compartment pressure in the horse at liberty when running is
subatmospheric; and 2) that oral compartment pressure in the
bitted horse when exercised is atmospheric and causes
nasopharyngeal asphyxia.

The term ‘nasopharyngeal asphyxia’ includes soft palate
dysfunction, instability, elevation and dorsal displacement. The
term ‘oral compartment’ describes the conjoined oral cavity
and oropharynx.

Materials and methods
The hypotheses are founded on the evidence of physics,
anatomy, physiology and ‘one-medicine’.

Results

In support of Hypothesis 1

1. When air is eliminated between two objects, they are
held together by atmospheric pressure. This is the
principle of the suction cup, which, it is proposed, applies
to the horse’s throat when running – the ‘two objects’
being root of tongue and soft palate. The cohesive force
of surface tension would reinforce the adhesion.
Nasopharyngeal asphyxia does not occur in the horse at
liberty. Even though nasopharyngeal pressure when
running will be slightly below atmospheric on inspiration
and slightly above on expiration, the pressure difference
between the oropharyngeal and nasopharyngeal
compartments is not sufficient to bring about their
communication.

2. The horse is an obligate nose-breather and its physiology
when running seems geared towards excluding air from
the oral compartment. The feral horse runs with sealed
lips, a closed mouth and no slobbering. The pharynx is
presumed to be in its respiratory configuration (soft palate
apposed to root of tongue). The oral compartment is
sealed caudally at the soft palate’s elastic ‘buttonhole,’
the ostium intrapharyngium (Cook 1981). The ostium fits
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snugly around the abducted larynx and the seal is further
secured by extension of the poll applying longitudinal
tension on the nasopharyngeal tube.

3. As deglutition in man and other mammals evacuates air
from the oral compartment (Engelke et al. 2011) it is
probable that the same occurs in the horse. This would
explain why swallowing seems to be a precursor to
running.

4. Pharyngeal radiography shows that the oral
compartment contains no air.

5. 100% patency of the nasopharynx when running would
be favoured by zero patency of the oropharynx, a closed
mouth and immobile tongue.

6. The tensor palati muscle is the only soft palate depressor.
Even if this acts normally during exercise in the bitted
horse (which it may not because of levator palati action
being triggered by the bit), it acts on the rostral third of
the palate only. There has to be some other mechanism
for depressing the caudal two-thirds.

7. Oral subatmospheric pressure is documented in
mammals. Studies of suckling in monkeys and pigs
showed that liquid moved out of the nipple as the
intraoral space was expanded by tongue movement
and jaw opening (German et al. 1992). The same authors
advanced the hypothesis ‘that all mammals use a
negative pressure suction for acquisition. . .’

8. To drink, a horse depends on subatmospheric pressure in
its oral compartment. With head down and lips immersed,
a small midline orifice opens in the midline. Retraction of
the tongue enlarges the oral cavity, creates a vacuum
and draws-up water. At a critical intake, deglutition
occurs; subatmospheric pressure is re-established; and
the cycle continues. The ability to generate an oral
subatmospheric pressure by swallowing would also
facilitate airflow when running.

9. Oral subatmospheric pressure in the running horse would
make ergonomic sense. Evolutionary selection would
favour such a parsimonious mechanism for maintaining
patency of the nasopharyngeal airway.

10. Anaerobic bacteria are a significant part of the oral flora
in mammals. This supports the proposition that, for much
of the time, the mammalian oral cavity is devoid of air.

11. Consider what might happen if, when running,
oropharyngeal pressure was atmospheric. With air above
and below the soft palate, rapid oscillating airflow would
set it fluttering like a blanket in a high wind. This is, of
course, what often happens in a bitted horse.

In support of Hypothesis 2

1. Even one bit breaks the lip seal as does a tongue-tie,
whether by pin-hole puncture or frank gaping of the
mouth. Oropharyngeal atmospheric pressure would
elevate the soft palate during rapid inspiration, as would
nasopharyngeal subatmospheric pressure.

2. The bit contacts the apex of the tongue, its most sensitive
part, triggering its retraction. As the tongue is a muscular
hydrostat, if the apex is retracted and the body
compressed by a closed jaw, its root will expand, elevate
the soft palate and break the ostium seal (Figs 1 and 2).

3. An open mouth releases the body of the tongue from
compression and allows the horse greater freedom to
evade the bit by moving its tongue. Because tongue and

larynx are both anchored to the hyoid apparatus,
movement of the tongue moves the larynx and this would
tend to disrupt the ostium seal.

4. Bit-induced poll flexion when running (itself physiologically
contraindicated) by eliminating longitudinal tension on
the nasopharyngeal tube, would weaken the ostium seal
and allow air into the oropharynx (Fig 3).

5. A bitted horse swallows at intervals when running. As
deglutition interrupts breathing this is pathophysiological.
Deglutition may be necessary to prevent inhalation of
bit-induced saliva or it may simply be an attempt to
maintain the airway by restoring oral subatmospheric
pressure.

6. For racehorse ‘wind’ examinations, I used to instruct riders
to bring their horse to rest in front of me as quickly as
possible after the gallop. This enabled me to hear
persisting respiratory noise and palpate the larynx for
fremitus. I noted that horses invariably swallowed once on
coming to rest. Many a horse stopped making an
inspiratory noise the moment it swallowed. I now interpret
this swallow as the horse’s need to maximise its airway by
restoring oral subatmospheric pressure.

7. The sphenopalatine branch of maxillary nerve V supplies
sensory innervation to the soft palate. As my experience
tells me that referred pain from the bit is a trigger for the
facial pain of trigeminal neuralgia and a common cause
of the headshaking syndrome (Cook 2003), it could also
refer pain to the soft palate. If so, gag reflexes when
running could be yet another mechanism for disturbing
the ostium seal.

8. Epiglottal entrapment, seldom seen in nonracehorses, is
characterised by freely mobile oropharyngeal mucosa
forming a hood on the dorsal surface of the epiglottis
(Fig 4). In my opinion, this occurs because an open ostium
seal exposes the oropharynx to the negative pressure of
inspiration. As a result, oropharyngeal mucosa gets
dragged into the airway. I consider epiglottal entrapment
to be evidence of repeated loss of oral subatmospheric
pressure.

9. Racing, the discipline in which nasopharyngeal asphyxia
is most common, is also the discipline in which respiratory
rates are highest, inspiratory negative pressure greatest
and nasopharyngeal dynamic collapse most likely.

10. Within racing, nasopharyngeal asphyxia is most common
in harness horses. Whereas in flat racing one bit is more
usual, harness horses commonly have two. Furthermore,
with the driver’s mechanical advantage of long reins and
a firm seat, harness horses are subjected to even more bit
pressure than Thoroughbreds. The lip seal is jeopardised
by an open mouth and the ostium seal by poll flexion.

11. When swallowing, soft palate elevation opens the
pharyngeal orifice of the auditory tubes and maintains
atmospheric pressure in the middle ear. If palatal
elevation opened the pharyngeal orifices when running,
the cartilages would act as a bicuspid valve, further
obstructing the nasopharynx on inspiration (Fig 10).

12. A cascade of aerodynamic problems will affect all
sections of the upper airway caudal to a primary
obstruction. With soft palate elevation, obstruction will
start at the choanae (Fig 5). Once elevated, even a little,
the Venturi effect will further increase inspiratory negative
pressure, which, in turn will exacerbate the elevation. The
soft palate will tend to close the choanae, acting like a
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flapper valve. Caudally, unsupported sections of the
airway can be expected to undergo dynamic collapse.
Affected structures will include the roof of the
nasopharynx and its floor (the soft palate), aryepiglottic
folds, epiglottis, arytenoid cartilages (especially on the
left in horses with recurrent laryngeal neuropathy), vocal
cords and the dorsal membrane of the cervical trachea.
Terminally, both lungs will incur barotrauma.

13. Repeated dynamic collapse of the dorsal membrane of
the trachea explains, in my opinion, the permanent
deformity of the tracheal cartilages that I have seen so
frequently at post mortem examination (Fig 6). These
changes, like epiglottal entrapment, provide tangible
evidence of repeated episodes, when running, of oral
atmospheric pressure and nasopharyngeal asphyxia. The
progressively more severe deformity of individual rings
along the course of the cervical trachea is, I consider, a
physical manifestation of the laws of gas flow along
tubes. The force of negative pressure on inspiration
increases with distance from the source of obstruction
(Cook et al. 1988). This would explain why the cervical
trachea is most severely deformed at the thoracic inlet

and why pulmonary bleeding is both bilaterally
symmetrical and caudally distributed.

14. A horse exhibiting clinical signs consistent with
nasopharyngeal asphyxia when exercised in a bitted
bridle is less likely to exhibit these signs in a bitless bridle
(Cook 2013). For example, I examined a 2-year-old
Thoroughbred that had made an inspiratory noise since
first schooled as a yearling and found it to have no
significant recurrent laryngeal neuropathy. However,
inspiratory stridor occurred at exercise in a snaffle bridle
and laryngeal fremitus was palpable. Minutes later, when
the same exercise test was repeated with the same rider
but with a bitless bridle, there was neither inspiratory
stridor nor laryngeal fremitus.

15. An ability to refute competing hypotheses for the
aetiology of nasopharyngeal asphyxia adds support as
follows:
(a) Neuromuscular disease of the pharynx: Horses that

exhibit nasopharyngeal asphyxia do not typically
exhibit dysphagia. As deglutition is a neurologically
demanding manoeuvre, I maintain that normal
swallowing indicates normal neurology.

Frontal sinus

Sphenopalatine
sinus

Guttural
pouch

Nasopharynx

TracheaSoft palate

Nasal cavity

Tongue

Tonsil in
oropharynx

Oesophageal
pharynx

Bit

a)

b)

Fig 1: a) Pharyngeal anatomy: when
the lip seal is broken by the bit, air
will be present in the oral
compartment, laryngopharynx (not
shown) and oesophageal pharynx.
The broken line indicates the
position of the choanae. The most
rostral portions of the choanae are
obstructed by a slight soft palate
elevation. b) Perspective view of
the soft palate’s ostium
intrapharyngium a moment prior to
dorsal displacement, with air in the
oropharynx.
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(b) Response to treatment: After a systematic review of
the efficacy of 23 interventions for nasopharyngeal
asphyxia (predominantly surgical), the authors
concluded that ‘it is currently not possible to
determine which procedure is the most appropriate
(Allen et al. 2012).’ Although this is not a refutation of

Elevation of
soft palate on
root of tongue Reflection of epiglottis

by root of tongue

Bit

Fig 2: Effect of bit-induced tongue
retraction. Caudal bulging of the
root of the tongue elevates the soft
palate, obstructs the choanae and
partially closes the aditus laryngis.

a)

b)

Fig 3: Effect of poll extension (a) and flexion (b). Extension
increases nasopharyngeal patency. Flexion decreases it and
leads to dynamic collapse on inspiration (arrows).

Fig 4: Freely mobile oropharyngeal mucosa. When the ostium
intrapharyngium seal is broken it is this tissue that gets sucked over
the dorsal face of the epiglottis, constituting epiglottal entrapment.
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the tentative aetiologies on which these
interventions were based, neither is it an
endorsement of any one.

(c) Pharyngeal lymphoid hyperplasia and inflammatory
airway disease: These have been associated with
nasopharyngeal asphyxia (Erck-Westergren 2011)
but a cause and effect relationship has not been
established. Pharyngeal lymphoid hyperplasia is
normal in young horses. Inflammatory airway disease
could, in my opinion, be the effect (not cause) of
repeated episodes of nasopharyngeal asphyxia
and its sequel, pulmonary bleeding.

16. Allen and Franklin (2012) report morphological evidence
during soft palate instability prior to dorsal displacement
of the soft palate (DDSP) consistent with oral
compartment atmospheric pressure, i.e. a flattened
epiglottis and convexity in the most caudal section of the
soft palate.

17. Kelly et al. (2013) reported that from 57 Thoroughbred
yearlings examined with dynamic endoscopy when
lunged, 18 (33%) exhibited DDSP. As the lunge rein was
attached to the bit (P.G. Kelly, personal communication
2013), it is my opinion that this high prevalence of
nasopharyngeal asphyxia in an otherwise healthy

population can be most simply attributed to atmospheric
pressure in the oral compartment.

18. Arguments that refute competing hypotheses for
pulmonary bleeding support Hypothesis 2 (Cook 2014).

Hypotheses are more rigorously tested by attempts to
falsify them than by mustering evidence in their support. I invite
colleagues to refute Hypothesis 1 or 2 by showing that the
results of the following tests do not agree with my predictions.

Tests to refute Hypothesis 1
See Table 1.

Tests to refute Hypothesis 2
For Tests 1–7, see Table 2. For Tests 8–10 see below.

Test 8. Observe horses at ridden exercise, both fast and
slow, in a variety of bits. If lips are constantly sealed, this would
refute Hypothesis 2.

Test 9. High-speed treadmill studies have demonstrated
that DDSP occurs in bitless horses. This might appear to refute
the implication in Hypothesis 2 that the bit is the major cause of
nasopharyngeal asphyxia during ‘normal’ (ridden) exercise.
However, endoscopy studies are not studies of normal exercise

Fig 5: Dorsal displacement of the
soft palate in a bitted horse. The
rostral half of the soft palate is
almost completely blocking the
choanae. The nasopharyngeal
tube, instead of being smoothly
continuous with adjoining sections
of the upper airway has developed
a narrow orifice at both ends
(broken lines). A complete
blockage of the choanae could
occur during exercise, as it does
during deglutition. Neither partial
nor complete blockage have been
observed during endoscopy studies
published to date, as – with the
endoscope’s distal end in the
nasopharynx – choanal viewing is
impossible. A different endoscopy
protocol is needed to collect
choanal data.

Fig 6: Progressive restriction of the tracheal lumen. From left to right, the cricoid cartilage is followed by cross-sections through cervical
tracheal rings 1, 9, 18, 27 and 36, of a racehorse. Separation of the dorsal membrane from each tracheal ring constitutes an obstruction
in itself but renders the lumen liable to additional (dynamic) collapse during rapid inspiration. In a normal cervical trachea, the free ends
of the tracheal rings are described in anatomy texts as overlapping but this was not so for any ring in this specimen.
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any more than are bitted studies. An inherent feature of both
treadmill and overground studies is that the data collection
method, endoscopy, itself introduces an artefact. An
endoscope interferes with airflow by obstructing the nostril,
ventral meatus, choana and nasopharynx (Figs 7–9). Even if an

endoscope of 10 mm external diameter occupied only half
the cross-sectional area of the choana it would increase
resistance to flow by a factor of 16. For example, a catheter of
6 mm, external diameter, decreased airflow through the nostril
by 17.7% and increased the work of breathing (Art et al. 1990).

TABLE 1: Tests for attempting refutation of Hypothesis 1: that oral compartment pressure in the horse at liberty when running is
subatmospheric

No. Test Question Prediction

1 Open a horse’s mouth for a moment and allow it to
close

Does a swallow follow? Yes

2 Exercise an unbridled horse in a round pen or on a
lunge line so that evidence of swallowing may be
observed by watching the left jugular furrow.

At any pace, does the horse swallow? No

3 Allow a horse to eat hay in a round pen and,
before a bolus is swallowed, require him to run.

Before he starts to run, does he close his mouth and
swallow?

Yes

4 Observe horses moving at liberty, at all paces Are lips sealed and dry, and jaws and tongues
immobile?

Yes

5 A 3-stage radiography study:
i Take a lateral view radiograph of the pharynx in an

unsedated horse at rest
Is there air in the oropharynx? No

ii Apply a mouth gag and take a second radiograph Is there air in the oropharynx Yes
iii Remove gag, wait for swallow and take a third

radiograph
Is there air in the oropharynx No

6 Place an in-dwelling catheter in the mouth and,
when the lip seal is once again intact and the
horse has swallowed, use a 50 ml syringe to inject
measured incremental volumes of air into the oral
compartment. Observe its effect using
fluoroscopy.

Does the horse eventually swallow? Yes

7 Using fluoroscopy, inject a small volume of air into
the oral compartment as above then manually
extend and flex the poll

Does head position influence the location of the
pocket of air?

Yes

TABLE 2: Tests for attempting refutation of Hypothesis 2: that oral compartment pressure in the bitted horse when exercised is atmospheric
and causes nasopharyngeal asphyxia

No. Test Question Prediction

1 During the pharyngeal fluoroscopy Test 6 (Table 1) Does palatal instability occur? Yes
2 Using pharyngeal fluoroscopy with a horse in a snaffle

bridle, explore the effect of applying different
degrees of rein pressure

Does palatal instability correlate with increased rein
pressure?

Yes

3 Listen to those horses that, during training exercise in a
bitted bridle, regularly develop signs consistent with
nasopharyngeal asphyxia (inspiratory stridor), yet on
the basis of prior examination reveal no obvious
cause. Repeat the same exercise and listening test
after removing the bit.

Does inspiratory stridor continue?
(Note: Stridor caused by a significant degree of

recurrent laryngeal neuropathy may result in the
persistence of a less noisy stridor. Recurrent laryngeal
neuropathy as the cause can be ruled-out on the
basis of laryngeal palpation and laryngoscopy)

No

4 Persuade a jurisdiction to allow a bitless bridle for
racing

Does the prevalence of nasopharyngeal asphyxia and
‘bleeding’ decline?

Yes

5 Using overground endoscopy to observe the choana
and rostral nasopharynx, stage the same exercise
test on horses with and without a bit, ridden/driven
by the same rider/driver, over the same terrain, under
similar environmental conditions

Is the degree of palatal instability less when bitless? Yes

6 Using overground choanal endoscopy as above,
compare the prevalence and degree of palatal
instability in two groups of sport horses, one bitted
and one bitless.

Is the degree of palatal instability less when bitless? Yes

7 Using overground choanal endoscopy, compare the
patency of the nasopharynx in dressage horses
during a warm-up routine, first with their nasal bone
vertical to the ground and then in the hyperflexed
(Rollkur) position.

Is patency of the nasopharynx better when the nasal
bone is vertical to the ground?

Yes

© 2014 EVJ Ltd

386 EQUINE VETERINARY EDUCATION / AE / JULY 2014



Fig 7: Choanal anatomy: skeletal boundaries.

Fig 8: Choanal anatomy: mucosal boundaries; forceps protrude
from each pharyngeal orifice.

Fig 9: An intranasal tube of 20 mm external diameter occludes a
Thoroughbred’s choana. The distal end of the tube (top) is lodged
in the pharyngeal recess.

Fig 10: View of the choana as in Figure 9 but with the intranasal
tube partly withdrawn. Mild digital pressure is being applied, in a
dorsal direction, on the ventral edge of the medial cartilages of the
guttural pouch pharyngeal orifices, causing them to buckle open
and meet in the midline like a bicuspid valve. As elevation of the
soft palate opens the pharyngeal orifices during deglutition, I
contend that dorsal displacement of the soft palate when running
is likely to have the same effect. Gaping of the medial cartilages
would further obstruct the nasopharynx.
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Fig 11: Flow chart summarising what I believe to be the relationships between the bit, nasopharyngeal asphyxia, negative pressure
pulmonary oedema and sudden death. At top right of the chart, ‘congenital deformities of conformation’ include stenosis or atresia of the
choanae, cleft soft palate and pharyngeal arch defects. All these are rare and affected horses are seldom put into training. At bottom right
of the chart, a broken line to a disease in man called neurogenic pulmonary oedema indicates a possible connection that has yet to be
studied in the horse. A specific term for heart failure caused by pulmonary disease is cor pulmonale.
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The distal end of an endoscope in the nasopharynx must also
interfere with airflow from the patent nostril. Its movement
could trigger gag reflexes. These impediments would generate
turbulence, increase nasopharyngeal negative pressure on
inspiration and open the ostium seal. In the absence of a bit,
an endoscope can still cause DDSP.

Test 10. With overground endoscopy in a bitted bridle, the
lip seal will also be broken. A feature of all the overground
endoscopy studies and many of the treadmill studies published
to date is that the horses were bitted. With such a protocol, I
submit that iatrogenic episodes of nasopharyngeal asphyxia
can be expected, there being foreign bodies in both mouth
and nose.

Conclusion
Currently, the hypothesis that the bit causes pulmonary
oedema is not refuted. A flow chart summarises what I believe
to be the consequences of bit usage (Fig 11).

In my opinion, nasopharyngeal asphyxia is the cause of
exercise-induced pulmonary haemorrhage (EIPH), which is
analogous to a rare but life-threatening disease in man known
as negative pressure pulmonary oedema (NPPE) (Bhaskar and
Fraser 2011; Cook 2014). NPPE in man is caused by upper
airway obstruction and is, I submit, a model for
exercise-induced pulmonary haemorrhage. It would advance
the understanding and prevention of this serious problem in
the horse if it too was known as NPPE.

Discussion
I propose that the bit is the predominant cause of
nasopharyngeal asphyxia and that NPPE is one of its signs.
Contributory factors include variations in usage, respiratory
rates, rein tension, poll flexion and a horse’s pain threshold.

Potential relevance: Unless the hypothesis can be refuted
a cause will have been suggested (the bit) and a basis for
treatment indicated (its removal) for nasopharyngeal asphyxia
and NPPE. As sequelae to these common diseases include
hypoxaemia, exhaustion, breakdowns, falls, fractures and
sudden death, the article is relevant to:

• the welfare and safety of horse and rider/driver
• the public image of racing
• the furosemide debate
• poor performance

Medical and surgical interventions do not remove the
cause of nasopharyngeal asphyxia. Until at least one racing
jurisdiction permits the use of a bitless bridle, removal of the bit
cannot be tested under racing conditions but it can be and
has been tested during training.

Author’s declaration of interests
W.R. Cook is Chairman and major shareholder of Bitless Bridle
Inc. and owns a patent on the crossunder bitless bridle.

Source of funding
Bitless Bridle Inc.
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To the Editor

I read with interest ‘Radiographic and radiological assessment
of laminitis’ in the October 2013 Equine Veterinary Education
(Sherlock and Parks 2013). As a 40 years primary care field
practitioner with a special interest in identifying and reversing
acute laminitis, I feel I must offer another perspective.

The 12 page article does not once mention or differentiate
acute laminitis from chronic laminitis. For best results, laminitis
must be diagnosed and correctly treated in the acute stage.
Radiographs are rarely useful in diagnosing acute laminitis,
and, in fact, they often result in the veterinarian falsely ruling
out laminitis precisely because there has not yet been any
coffin bone movement.

I most object to the authors’ statement that
‘. . .radiographs are indicated in every suspected laminitic
case. . .’ The number of views recommended by the authors
will typically cost several hundred dollars. The difficult to
diagnose acute laminitis cases are usually only mildly sore
footed, and in fact, often misdiagnosed as ‘foot sore’ due
to hard ground and lack of any radiographic abnormalities.
They are often prescribed shoes with pads and/or a little
phenylbutazone, which may further delay the correct
diagnosis and treatment. If acute laminitis is not diagnosed on
the first visit, the owner will not be advised to find and eliminate
the likely causes of laminitis. The owner, having been falsely

reassured (since there were no radiographic lesions) and
having spent several hundred dollars, is not likely to call back
until the horse is in much more pain several weeks later, and
the diagnosis is obvious to everyone.

Practitioners must learn to diagnose acute laminitis without
radiographs, before the coffin bone starts to move. Then they
will have better results preventing, rather than trying to stop,
movement of the coffin bone if they identify and eliminate the
causes while maintaining optimum circulation to the anoxic
laminae while they are inflamed, swollen and oedematous
within the unyielding hoof.

Hint: vasodilators, shoes and stall confinement do not
promote optimum circulation to swollen laminae.
Anti-inflammatories, diuretics and gentle walking 24/7 in sand
arenas are much more helpful in curing acute laminitis.
Unstable chronic laminitis is a very different stage of the
disease.

Respectfully,
D. FREDERICK

Woodstock, Illinois, USA

Reference
Sherlock, C. and Parks, A. (2013) Radiographic and radiological

assessment of laminitis. Equine Vet. Educ. 25, 524-535.
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Response to letter from Dr David Frederick

In responding to Dr Frederick’s letter, we agree that many
horses may develop signs compatible with a diagnosis of
laminitis, and are successfully treated in the field with medical
management without ever being radiographed (or at least
not radiographed on the first visit). In some instances the
clinical signs may be sufficiently pathognomonic to warrant a
relatively concrete diagnosis, but in others with milder clinical
signs the diagnosis is presumptive. As stated in our article, we
also recognise that radiographs taken early in the disease may
be radiologically quiescent, and, therefore, not contribute to
the diagnosis. We wholeheartedly agree with Dr Frederick that
it is important for any equine clinician to be able to arrive at a
clinical diagnosis of laminitis. Additionally, as stated in the
article, the results of the clinical evaluation of a horse with
laminitis are suggested as a better prognostic indicator than
any radiological changes, and, therefore, we also agree that
normal radiographs should not exclude the diagnosis of acute
laminitis if there is clinical evidence of the condition. We do not
believe we implied anything to the contrary in this article, but
the clinical diagnosis of acute laminitis and the clinical
differentiation between acute and chronic disease were
beyond the scope of this article, as were the specifics of
treatment. Furthermore, for horses that do not demonstrate a
change in the position of the distal phalanx in relation to the
hoof capsule, radiographs would be unlikely to change the
course of treatment. Indeed, given that the potential
consequences of laminitis are severe, regardless of how likely
an eventual displacement of the distal phalanx is, we would
recommend treating all horses that develop signs compatible
with laminitis as if the disease is laminitis; the response to initial
treatment influences the next step. However, given that many
horses may suffer recurrent mild bouts of the disease and
that the course of the disease in any individual horse is so
unpredictable such that any horse may at some stage
develop displacement of the distal phalanx, we maintain that
baseline radiographs are valuable. It goes without saying that
once the relationship between the hoof capsule and the distal

phalanx has changed it is not possible to retroactively
determine what specific radiographic measurements were
previously; for example, the coronet to extensor process
distance or the thickness of the sole. The rate at which
displacement of the distal phalanx occurs is an indicator
of stability of the distal phalanx within the hoof capsule,
and therefore, both the presence of and chronology of
displacement of the distal phalanx are very useful
prognostically; hence the value of baseline radiographs. We
consider that in an ideal situation the feet of any horses
suspected of having laminitis should be radiographed to
obtain information regarding the state of the disease; in the
case of horses with chronic laminitis that require therapeutic
shoeing, we do not believe that optimal treatment can be
achieved without radiographs, although not necessarily every
time the horse is shod. Therefore, the client should know that
radiography is an option, and know the advantages of doing
it/risks of not doing it; they can then make their best informed
decision based on the particular circumstances. We recognise
that there are several variables involved in making the
decision as to whether to radiograph or not on making the
initial diagnosis, not least of which is expense. The past history
of the horse is also a consideration; that is, if a horse has
been known to have repeated episodes of laminitis that
have responded to straightforward treatment and previous
radiographs showed no change, the use of radiography to
evaluate the feet on a first visit for every recurrence is at the
discretion of the owner after discussion with the veterinarian.
The relationship between the veterinarian and the owner will
also influence how the subject is discussed. We thank Dr
Frederick for raising these points, and hope we have been
able to address them.

C. SHERLOCK and A. PARKS
Large Animal Medicine, University of Georgia,

Athens, USA
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Vetalog® Parenteral
Sterile Triamcinolone 
Acetonide Suspension USP
Caution: Federal law restricts this drug to use by or on 
the order of a licensed veterinarian.

Description: Vetalog Parenteral is available for veterinary 
use as a sterile suspension in vials providing 2 mg or 
6 mg triamcinolone acetonide per mL with 0.9% (w/v) 
benzyl alcohol as a preservative, sodium chloride for 
isotonicity, 0.75% carboxymethylcellulose sodium and 
0.04% polysorbate 80. Sodium hydroxide or hydrochloric 
acid may have been added to adjust the pH. At the time 
of manufacture, the air in the container is replaced by 
nitrogen.

Actions: Triamcinolone acetonide is a highly potent 
synthetic glucocorticoid which is primarily effective 
because of its anti-inflammatory activity. The apparent 
analgesic effect is a result of the anti-inflammatory 
properties of the drug.

Rationale For Use: Inflammation and related 
disorders: Dogs, Cats and Horses: Injection of Vetalog 
Parenteral provides rapid relief from pain and reduces 
inflammation and swelling.

Depending on the nature of the condition, Vetalog 
Parenteral may be injected intramuscularly, intra-
articularly or intrasynovially. The usual pattern of response 
is improvement of motion and decrease of pain within 24 
hours, followed by diminution of swelling.

The extent of return to normal is limited by the degree 
of irreversible pathologic change present. Triamcinolone 
acetonide will not reverse permanent pathologic changes.

Allergic and Dermatologic Disorders: Dogs and 
Cats: Intramuscular or subcutaneous administration of 
Vetalog Parenteral has been found to provide prompt and 
prolonged relief in the management of allergic symptoms 
such as conjunctivitis or reactions to insect bites and in 
various dermatoses. Inflammation, edema and pruritus 
are suppressed and discomfort is eased, usually within 24 
hours. Since scratching is reduced or eliminated, lesions 
are permitted to heal more rapidly. In many cases a single 
injection is sufficient to terminate symptomatology. If 
necessary, repeat treatments can be administered.

Intralesional administration of Vetalog Parenteral is 
effective for treatment of dermatological disorders 
such as moist eczema, frictional acanthosis and other 
dermatitides in dogs and cats. Inflammation and 
pruritus are often abated within one to three days. A 
single intralesional injection is often sufficient to effect 
remission or elimination of the lesion within a period of 
one to two weeks.

Indications: Vetalog Parenteral is indicated for the 
treatment of inflammation and related disorders in dogs, 
cats and horses. It is also indicated for use in dogs and 
cats for the management and treatment of acute arthritis, 
allergic and dermatologic disorders.

Dosage and Administration: Intramuscular or 
subcutaneous: Dogs and Cats: The dose is a single 
injection of 0.05 mg to 0.1 mg triamcinolone acetonide 
per pound of body weight in inflammatory or allergic 
disorders and 0.1 mg per pound of body weight in 
dermatologic disorders. Remission of symptoms, if not 
permanent, usually lasts 7 to 15 days. After this time, 
if symptoms recur, the dose may be repeated or oral 
corticosteroid therapy may be instituted.

Horses: The dose is 0.01 mg to 0.02 mg triamcinolone 
acetonide per pound of body weight as a single injection; 
the usual range is 12 mg to 20 mg.

Intralesional: Dogs and Cats: The usual intralesional 
dosage is 1.2 mg to 1.8 mg triamcinolone acetonide. 
Injections should be circumscribed around the lesion in 
various sites to insure adequate distribution of the dose. 
Injections should be spaced 0.5 cm to 2.5 cm apart, 
depending on the size of the lesion. The spacing of the dose 
also reduces pain and/or pressure necrosis.

The dose injected at any one site should not exceed 0.6 
mg to minimize local tissue intolerance and atrophy, and 
should be made well into the cutis to prevent subsequent 
rupture of the epidermis. When treating dogs and cats 
with multiple lesions, do not exceed a total dose of 6 
mg. Repeat courses of treatment may be administered 
if necessary.

It is preferable to employ a tuberculin syringe with a 
small bore needle (23-25 gauge) for accuracy of dose 
measurement and ease of administration.

Intra-articular and intrasynovial: Dogs, Cats and 
Horses: The dose for intra-articular or intrasynovial 
administration is dependent on the size of the joint to 
be treated and on the severity of symptoms. A single 
injection of 1 mg to 3 mg triamcinolone acetonide for cats 
and dogs and 6 mg to 18 mg for horses is recommended. 
After three or four days, injections may be repeated, 
depending on the severity of symptoms and the clinical 
response. If initial results are inadequate or too transient, 
dosage may be increased, but the recommended dose 
should not be exceeded.

Routine aseptic preparation of the area should be 
made prior to all intra-articular injections. A thorough 
understanding of the pertinent anatomic relationships 
is essential. The inadvertent administration of the 
corticosteroid into the soft tissues surrounding a joint is 
not harmful, but is the most common cause of failure to 
achieve the desired local results.

Following intra-articular administration, pain and 
other local symptoms may continue for a short time 
before effective relief is obtained, but an increase in 
joint discomfort is rare. A marked increase in pain 
accompanied by local swelling, further restriction of joint 
motion, fever and malaise are suggestive of a septic 
arthritis. If these complications should occur and the 

diagnosis of sepsis is confirmed, antimicrobial therapy 
should be instituted immediately and continued until all 
evidence of infection has disappeared.

Contraindications: Do not use in viral infections. Except 
for emergency therapy, do not use in animals with 
tuberculosis, chronic nephritis, or cushingoid syndrome. 
Existence of congestive heart failure, diabetes and 
osteoporosis are relative contraindications.

Warnings: Do not use in horses intended for human 
consumption.

Usage in Pregnancy: The safety of most corticosteroid 
drugs for use during all stages of pregnancy has not 
been adequately established. However, clinical and 
experimental data have demonstrated that corticosteroids 
administered orally or by injection to animals may induce 
the first stage of parturition if used during the last 
trimester of pregnancy and may precipitate premature 
parturition followed by dystocia, fetal death, retained 
placenta and metritis.

Additionally, corticosteroids administered to dogs, rabbits 
and rodents during pregnancy have resulted in cleft 
palate in offspring. Corticosteroids administered to dogs 
during pregnancy have also resulted in other congenital 
anomalies including deformed forelegs, phocomelia and 
anasarca. Therefore, before use of corticosteroids in 
pregnant animals, the possible benefits to the pregnant 
animal should be weighed against potential hazards to its 
developing embryo or fetus.

Precautions: Vetalog Parenteral should not be used 
to alleviate pain or reduce inflammation arising from 
infectious states unless concomitant antimicrobial 
therapy is given.

Because of the anti-inflammatory action of 
corticosteroids, signs of infection may be hidden and 
it may be necessary to stop treatment until diagnosis 
is made.

Overdosage of some glucocorticoids may result in 
sodium retention, fluid retention, potassium loss and 
weight gains.

Corticosteroids have been used in the treatment of 
laminitis; Vetalog Parenteral is not recommended for 
that use. Cases of laminitis have been reported following 
the administration of Vetalog Parenteral; the mechanism 
of that response has not been fully elucidated. Care is 
necessary when using any corticosteroid in the equine 
species.

Use of corticosteroids, depending on dose, duration and 
specific steroid, may result in inhibition of endogenous 
steroid production following drug withdrawal. In patients 
presently receiving or recently withdrawn from systemic 
corticosteroid treatments, therapy with a rapidly acting 
corticosteroid should be considered in unusually stressful 
situations.

Adverse Reactions: As with any corticosteroid, 
polydipsia or polyuria may occur with high dosage or 
frequent administration of triamcinolone acetonide. The 
likelihood of their occurrence may be minimized by giving 
as brief a course of corticosteroid therapy as possible, 
and by waiting for the reappearance of symptoms before 
repeating therapy. If polydipsia or polyuria should occur, 
therapy should be discontinued until these unwanted 
effects have disappeared; therapy should then be resumed 
at a lower dosage level.

Other adverse reactions that have occurred with the use 
of corticosteroids are weight loss, anorexia and diarrhea 
(occasionally bloody). Anaphylactoid reactions have 
occasionally been seen following administration.

Intra-articular injection in leg injuries of the horse may 
produce osseous metaplasia.

Side effects such as serum alkaline phosphatase (SAP) 
and serum glutamic pyruvic transaminase (SGPT) enzyme 
elevations have occurred following use of synthetic 
corticosteroids in dogs.

Cushing’s Syndrome in dogs has been reported in 
association with prolonged or repeated steroid therapy.

To report suspected adverse reactions, or to obtain a 
copy of the Material Safety Data Sheet (MSDS), call 
1-866-638-2226.

How Supplied: Vetalog Parenteral is supplied for 
veterinary use in two concentrations and various vial 
sizes:

NDC 0010-4703-02 - 2 mg/mL 100 mL (For Horses Only)* 
NDC 0010-4703-01 - 2 mg/mL 25 mL 
NDC 0010-4704-03 - 6 mg/mL 25 mL (For Horses Only)* 
NDC 0010-4704-02 - 6 mg/mL 5 mL 
NDC 0010-4704-01 - 6 mg/mL 3 mL (For Horses Only)

*To limit the number of entries through the stopper, these 
two vials are for use in HORSES ONLY.

Storage: Store at controlled room temperature 20-25°C 
(68-77°F), with excursions between 15-30°C (59-86°F) 
permitted. AVOID FREEZING.

Protect from light; store vial in carton.

Vetalog® is a registered trademark of Boehringer 
Ingelheim Vetmedica, Inc.

© 2013 Boehringer Ingelheim Vetmedica, Inc. All Rights 
Reserved.
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Surpass®

(1% diclofenac sodium) 
Topical Anti-Inflammatory Cream
For Use in Horses

Caution: Federal law restricts this drug to use by or on 
the order of a licensed veterinarian.

Description: Surpass® topical cream contains 1% 
diclofenac sodium. Diclofenac is a non-steroidal 
anti-inflammatory drug (NSAID) of the phenylacetic 
acid class. The chemical name for diclofenac is sodium 
[o- (2,6-dichloroanilino)phenyl]acetate. The empirical 
formula is C

14H10Cl2NNaO2 and the molecular weight is 
318.13. Surpass topical cream contains 1% diclofenac 
sodium in a base composed of Phospholipon 90H, 
propylene glycol, alcohol (5.94%), vitamin E acetate, 
benzethonium chloride and purified water in the Wisdom® 
liposomal formulation.

Indications: Surpass topical cream is indicated for 
the control of pain and inflammation associated with 
osteoarthritis (OA) in tarsal, carpal, metacarpophalangeal, 
metatarsophalangeal and proximal interphalangeal (hock, 
knee, fetlock and pastern) joints in horses.

Dosage and Administration: Always provide the Client 
Information Sheet with the prescription.

Dosage: Apply a five-inch (5”) ribbon of Surpass topical 
cream twice daily over the affected joint for up to ten 
days.

Administration: Wear rubber gloves to prevent 
absorption into the hands. Rub the cream thoroughly into 
the hair covering the joint until it disappears.

Contraindications: Surpass topical cream is 
contraindicated in animals with known hypersensitivity 
to diclofenac.

Warnings: Not for horses intended for human 
consumption.

User Safety: Keep out of reach of children. Not for human 
use. Consult a physician in case of accidental ingestion 
by humans.

Wear gloves to prevent absorption into the hands. Direct 
contact with the skin should be avoided. If contact 
occurs, the skin should be washed immediately with 
soap and water.

Animal Safety: For topical use in horses only. Owners 
should be advised to observe for signs of potential drug 
toxicity (see Information for Owner or Person Treating 
Animal and Adverse Reactions).

Precautions: Exceeding the recommended dosage 
or treating multiple joints may increase plasma 
concentrations of diclofenac (see Animal Safety). The 
systemic effects of excess diclofenac doses that exceed 
the recommended label amount and duration have not 
been evaluated.

Horses should undergo a thorough history and physical 
examination before initiation of NSAID therapy. 
Appropriate laboratory tests should be conducted to 
establish hematological and serum biochemical baseline 
data before and periodically during administration of any 
NSAID. Owners should be advised to observe for signs 
of potential drug toxicity (see Information for Owner or 
Person Treating Animal).

Treatment with Surpass cream should be terminated if 
signs such as inappetence, colic, fecal abnormalities, 
anemia or depression are observed.

As a class, NSAIDs may be associated with 
gastrointestinal and renal toxicity. When NSAIDs inhibit 
prostaglandins that cause inflammation, they may also 
inhibit prostaglandins that maintain normal homeostatic 
function. These anti-prostaglandin effects may result in 
clinically significant disease in patients with underlying or 
preexisting disease more often than in healthy patients. 
Patients at greatest risk for renal toxicity are those that 
are dehydrated, on concomitant diuretic therapy, or those 
with renal, cardiovascular and/or hepatic dysfunction.

Studies to determine the effect of Surpass topical cream 
when administered concomitantly with other drugs have 
not been conducted. Since many NSAIDs possess the 
potential to induce gastric ulceration, concomitant use of 
Surpass cream with any other anti-inflammatory drugs, 
such as other NSAIDs and corticosteroids, should be 
avoided. Drug compatibility should be monitored closely 
in patients receiving adjunctive therapy.

The safety of Surpass cream has not been investigated in 
breeding, pregnant or lactating horses, or in horses under 
one year of age.

Adverse Reactions: During the field study, one 
diclofenac-treated horse developed colic on day four of 
the study and responded to symptomatic treatment. One 
placebo-treated horse exhibited mildly jaundiced mucous 
membranes on day five. Adverse reactions during the 
safety study included a gastric ulcer in one horse that 
received 5.6X the recommended dosage, diarrhea and 
uterine discharge in one horse that received 2.8X the 
recommended dosage, and weight loss in four of the six 
horses in the 5.6X dosage group.

To report suspected adverse reactions, to obtain a 
Material Safety Data Sheet or for technical assistance, 
call 1-866-638-2226.

Information for Owner or PersonTreating Animal: 
Owners should be advised of the potential for adverse 
reactions and be informed of the clinical signs associated 
with NSAID intolerance. Adverse reactions may include: 
weight loss, colic, diarrhea, or icterus. Serious adverse 
reactions associated with this drug class can occur 
without warning and, in rare situations, result in death. 
Owners should be advised to discontinue NSAID therapy 
and contact their veterinarian immediately if signs of 

intolerance are observed. The majority of patients with 
drug-related adverse reactions recover when the signs 
are recognized, drug administration is stopped, and 
veterinary care is initiated.

Clinical Pharmacology: Diclofenac is a non-steroidal 
antiinflammatory drug (NSAID) with analgesic properties. 
The mechanism of action of diclofenac, like other 
NSAIDs, is believed to be associated with the inhibition of 
cyclooxygenase activity.

Effectiveness: In a controlled field study, 82 horses 
with osteoarthritis were treated with Surpass 
topical cream (42 horses) or placebo (40 horses). 
Lameness examinations were performed in horses 
with osteoarthritis associated with the tarsal, carpal, 
metacarpophalangeal, metatarsophalangeal and proximal 
interphalangeal joints. Investigators were masked to 
treatment. Investigators and owners were instructed to 
apply the test article over the affected joint twice daily 
(BID) for five days. Actual doses received by individual 
horses were calculated using tube weight measurements. 
The mean dose applied during the study was 73 mg per 
application. Average lameness scores showed statistically 
significant improvement following treatment with Surpass 
topical cream.

One diclofenac-treated horse developed colic and 
responded to symptomatic treatment on day four of the 
study. Day five bloodwork for the horse that colicked 
showed decreases in RBC, Hb and HCT, with an increase 
in PMNs, compared to pretreatment values. One 
placebo-treated horse exhibited mildly jaundiced mucous 
membranes on day five. No other adverse reactions were 
noted during the study.

Animal Safety: A controlled safety study was 
conducted with Surpass topical cream. Four groups of 
six healthy adult horses received 0, 0.6, 1.7 or 2.8X the 
recommended daily dose for twenty-eight days. The daily 
dose was divided into two applications on day one of the 
study. For the remainder of the study, the entire daily 
dose was given at one time on 0, 1, 3 or 5 joints (tarsal, 
carpal, metacarpophalangeal, metatarsophalangeal, 
and proximal interphalangeal joints), depending on 
the dosage group. The control group of six horses was 
sham-dosed by rubbing the joints daily for twenty-eight 
days. An additional study group evaluated six horses that 
received 5.6X the recommended daily dose of Surpass 
topical cream distributed over five joints on a single day. 
This dose group was observed for fourteen days without 
additional treatment.

Clinical examinations, hematology, serum chemistry, 
synovial fluid analyses, gross necropsy and 
histopathology were performed. At necropsy, one horse 
in the 5.6X group had a glandular gastric ulcer. A horse 
in the 2.8X group had diarrhea and uterine discharge 
throughout the study. Four of the six horses in the 5.6X 
group lost weight during the study.

Dose-dependent increases in diclofenac plasma 
concentrations were detected in horses in the 1.7X and 
2.8X treatment groups.

Storage Information: Store at up to 25°C (77°F). Protect 
from freezing.

How Supplied: Surpass topical cream is white to pinkish-
white and is packaged in 124-gram trilaminate tubes.

Surpass and Wisdom are registered trademarks of 
Boehringer Ingelheim Vetmedica, Inc.

Manufactured for:

Boehringer Ingelheim Vetmedica, Inc. 
St. Joseph, MO 64506 U.S.A.

Manufactured under U.S. Patent Nos. 4,937,078 and 
6,936,273.

© 2009 Boehringer Ingelheim Vetmedica, Inc.

All Rights Reserved.
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Hyvisc®

(hyaluronate sodium) 
Sterile Injection, 11 mg/mL
For intra-articular injection in horses only

Caution: Federal law restricts this drug to use by or on 
the order of a licensed veterinarian.

Description: Hyvisc® (hyaluronate sodium) Injection 
is a clear, colorless, viscous fluid contained in a 
5 mL disposable syringe, as a single 2 mL dose. 
Chemically, hyaluronic acid is a high molecular weight 
mucopolysaccharide composed of repeating disaccharide 
units, each unit consisting of D-glucuronic acid and 
N-acetyl-D-glucosamine. Each mL of Hyvisc Injection 
contains 11 mg of hyaluronate sodium and 8.47 mg 
of sodium chloride, USP, in sterile water for injection, 
USP, q.s.

Actions: Hyaluronate sodium is a natural constituent 
of connective tissue and synovial fluid in both man 
and animals. In synovial fluid, hyaluronate sodium 
confers viscoelastic as well as lubricating properties1,2. 
In connective tissue, hyaluronate sodium specifically 
interacts with cartilage proteoglycans to form stable 
aggregates3,4,5. The mechanism of action by which 
exogenous hyaluronate sodium exerts its therapeutic 
effect in arthritic joints is not known at this time.

Indications: Hyvisc (hyaluronate sodium) Injection is 
recommended for the treatment of joint dysfunction in 
horses due to non-infectious synovitis associated with 
equine osteoarthritis.

Dosage and Administration: The recommended dose 
of Hyvisc (hyaluronate sodium) Injection is 2 mL (22 mg) 
given to horses intra-articularly in small and medium-
sized joints (carpal, fetlock). In larger joints (hock), the 
dosage is 4 mL (44 mg).

Treatment may be repeated at weekly intervals for a total 
of three treatments. As with any intra-articular injection, 
aseptic technique is used. The following are suggested 
use directions regardless of the type of joint to be treated.

1.  Carefully diagnose each case using routine methods. 
The origin of lameness should be pinpointed to be 
within a specific joint or joints (e.g., lameness is 
localized to a specific joint using intra-articular 
anesthesia). Radiographs or other diagnostic aids 
should not reveal recent fractures or other serious 
abnormalities which would suggest a poor prognosis.

2.  Aseptically remove as much synovial fluid from the 
afflicted joint as can be easily withdrawn.

3.  Remove tip cap from the Hyvisc syringe and inject 
through a sterile needle, 20 gauge or larger.

4.  Inject a single 2 mL dose (one syringe) of Hyvisc into 
each joint to be treated; if the joint being treated is the 
hock joint, inject 4 mL (two syringes). Since Hyvisc is 
a viscous fluid, care should be exercised on injection 
so as not to dislodge the needle from the syringe.

5.  Two or four days of rest or light exercise is 
recommended before resumption of normal activity. 
Improvement of joint function should be seen within 
one to two weeks after Hyvisc Injection.

As with any intra-articular injection, a mild inflammatory 
response (tenderness, heat and swelling) may be seen 
in the joint following the Hyvisc Injection. This response 
is self-limiting, but may last from two to five days after 
treatment.

If inflammation is excessive or severe, the possibility of 
infection should be considered and appropriate antibiotic 
therapy instituted.

Contraindications: There are no known 
contraindications to the use of Hyvisc (hyaluronate 
sodium) Injection.

Warnings: Do not use in horses intended for human 
consumption. Hyvisc (hyaluronate sodium) Injection must 
not be administered intravascularly.

Precautions: Used or partially used syringes should be 
crushed and disposed of in an appropriate landfill.

Do not use if numerous small air bubbles are present 
throughout the solution.

Adverse Reactions: In the clinical trial with Hyvisc 
(hyaluronate sodium) Injection, a mild, transient post-
injection inflammatory response in the joint was reported 
in 12% of the cases treated. There were no other side 
effects.

Safety Margin in Horses: In toxicity studies of Hyvisc 
(hyaluronate sodium) Injection in horses, intra-articular 
doses at one, three, and five times the recommended 
dose once weekly for three consecutive weeks did 
not result in any drug related local or systemic toxic 
effects. The mild, transient post-injection inflammatory 
response observed within the joints of some horses was 
qualitatively and quantitatively similar to that detected in 
the physiologic saline injected controls. In a reproductive 
study in mares, 16 mL of Hyvisc (10 mg/mL) injected 
intramuscularly or subcutaneously once or twice during 
the second or third stage of pregnancy resulted in no 
adverse effects on the mares or newborn foals.

Storage: Store under refrigerated conditions, 2° - 8°C 
(36° - 46°F). Protect from freezing and avoid excessive 
heat.

How Supplied: Hyvisc (hyaluronate sodium) Injection, 11 
mg/mL, is available in 2 mL prefilled, disposable syringes 
individually packaged.
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Hyalovet®

(hyaluronate sodium) 
Veterinary Injection
For intra-articular injection in horses only

Caution: Federal law restricts this drug to use by or on 
the order of a licensed veterinarian.

Description: Hyaluronic acid is the prototype of a wide 
range of saccharide biopolymers (glycosaminoglycans 
or mucopolysaccharides) consisting of repeating 
disaccharide units of N-acetyl-D-glucosamine and 
D-glucuronic acid linked by beta 1-3 and beta 1-4 
glycosidic bonds. A component of all mammalian 
connective tissue, hyaluronic acid confers viscoelastic 
and lubricating properties to synovial fluid1 and structural 
integrity to cartilage matrix2. As a therapeutic agent, 
hyaluronic acid injected into arthritic joints has been 
shown, in a variety of animal model systems including 
horses3, to improve joint function and to activate tissue 
repair processes in articular cartilage.

HYALOVET (hyaluronate sodium) is a clear, colorless, 
viscous solution of a specific fraction of highly purified 
hyaluronic acid obtained by a molecular filtration 
procedure from biological material (rooster combs). The 
specific hyaluronic acid fraction from which HYALOVET 
is made has a high degree of molecular definition with an 
average molecular weight of 500,000-730,000 D.

Each filled 2 mL glass syringe or 2 mL glass vial contains:

 Hyaluronate sodium . . . . . . . . . . .20.0 mg 
Sodium chloride . . . . . . . . . . . . . .17.0 mg 
Monobasic sodium phosphate . . .0.1 mg 
Dibasic sodium phosphate  . . . . .1.2 mg 
Water for injection . . . . . . . . . . . .q.s., 2 mL

Indications: HYALOVET is indicated for the intra-articular 
treatment of carpal or fetlock joint dysfunction in 
horses due to acute or chronic, noninfectious synovitis 
associated with equine osteoarthritis.

Dosage and Administration: The recommended dose 
of HYALOVET (hyaluronate sodium) is 2 mL (20 mg 
hyaluronate sodium) in small or medium sized joints 
(carpus, fetlock) given by intra-articular injection. 
More than one joint may be treated at the same time. If 
necessary, the injection may be repeated after one or 
more weeks, but not to exceed 2 injections per week for 
a total of 4 weeks.

HYALOVET should be injected using strict aseptic 
technique. Excess synovial fluid should be removed prior 
to injection.

For best results horses should be given two days of rest 
or limited exercise before resuming normal training.

Contraindications: There are no known 
contraindications.

Warnings: Do not use in horses intended for human 
consumption. Hyvisc (hyaluronate sodium) Injection must 
not be administered intravascularly. Not for human use.

Precautions: Used or partially used syringes should be 
crushed and disposed of in an appropriate landfill.

Adverse Reactions: As with any intra-articular injection 
a mild inflammatory response (tenderness, heat and 
swelling) may be seen in the joint following a Hyalovet 
injection. The response is self limiting but may last 
from two to five days after treatment. If inflammation is 
excessive or severe, the possibility of infection should be 
considered and appropriate antibotic therapy instituted. 

To report suspected adverse reactions, or to obtain a 
copy of the Material Safety Data Sheet (MSDS), call 
1-866-638-2226.

Clinical Pharmacology: Results of gel chromatography 
studies demonstrate that HYALOVET (hyaluronate sodium) 
induces aggregation of cartilage proteoglycans sub-units 
as previously described for other fractions of hyaluronic 
acid2. In equine model studies of acute synovitis of the 
carpal joint, a single intra-articular injection of HYALOVET 
resulted in statistically significant (p<0.05) functional 
improvement with regard to lameness, swelling, pain, 
heat and joint flexion in a dosage dependent fashion.
In chronic osteoarthritis secondary to carpal fracture in 
horses, a single articular injection of 20 mg HYALOVET 
resulted in statistically significant (p<0.05) reduction 
in radiopharmaceutical uptake in subchondral bone, as 
compared to saline injected controls, a finding consistent 
with reduced inflammation. In controlled clinical trials in 
horses with lameness due to arthroses of the carpal or 
fetlock joints, intra-articular injection of 20 mg HYALOVET 
resulted in marked reduction in clinical lameness, pain 
on palpation, pain on flexion and facilitated return to 
training. A measurable and statistically significant 
(p<0.005) decrease in joint circumference was detected 
in the horses.

Animal Safety: In subacute toxicity studies, in 
horses, intra-articular injection of HYALOVET at the 
recommended dosage (20 mg/joint) and at 3X and 5X 
multiples of that dosage, daily for four days followed by 
twice weekly injections for four additional weeks, resulted 
in no evidence of toxicity either locally within the joint or 
systemically in the horses. Slight increases in synovial 
fluid leucocytes and protein were attributed to the trauma 
associated with frequent joint injections.

Results of skin testing in horses following repeated intra-
articular injections of 40 mg HYALOVET into tibiotarsal 
joints indicated that the product is non-antigenic in 
horses; no sensitization was detected.

Storage: Store at or below 25 °C (77 °F).

How Supplied: Hyalovet Veterinary Injection is supplied 
in a 2 mL syringe or vial containing 20mg hydraluronate 
sodium per 2 mL.

 NDC 0010-4705-01: 2 mL syringe 
NDC 0010-4705-02: 2 mL vial
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PERFORMANCE HAPPENS IN THE JOINT.

The Joint Health Portfolio from Boehringer Ingelheim Vetmedica Inc., with 

products including Vetalog®, Surpass®, Hyvisc® and Hyalovet®, gives veterinarians 

and owners a range of options, making us your point of contact for joint health.

www.bi-vetmedica.com
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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 
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