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A case recently addressed by the AAEP’s Professional 
Conduct and Ethics Committee brought an emerging issue 
to light: the pressures to practice unethically that new 
equine veterinarians face daily. 

In the case brought before the committee, the young 
veterinarian in question accepted advice from other veteri-
narians and long-term clients as “this is just the way it’s 
done” and “those rules don’t apply or are not enforced.” 
As a direct result, this young veterinarian has faced huge 
legal battles to keep their veterinary license, paid 
numerous fines and lost some organization-specific 
licensure that required relocation.

In cases like this, it is easy to sit back and say “well that is 
uncalled for” or “they should have known better.” 
Unfortunately, the lines are not always this crisp and 
pressures can occasionally overcome one’s better judgment.

As a younger veterinarian who has spoken with colleagues 
and has personally experienced some of the scenarios 
mentioned, I can attest that the pressures are real and can 
often be difficult to address. In today’s practice 
atmosphere, every client and every job opportunity may 
appear very important at the time. One must continue to 
remind oneself that although this particular job may seem 
big, nothing is big enough to lose one’s license over or, 
even worse, compromise one’s practice ethics so that a 
horse ends up dying because of it.  

Unfortunately, younger veterinarians 
not only fight pressures to practice in 
the “gray zone” from clients but, 
sadly, face pressures to practice 
outside of the ethical lines from older 
veterinarians who are either in a 
mentor or a boss role. Many times 
these situations are even harder to 
deal with than client or trainer 
pressure.     

It is a given that each of us needs to 
practice not only legally but ethically as well. The older, 
more experienced practitioner has an obligation to be a 
leader and a mentor to the younger, less experienced prac-
titioner. If the younger practitioner cannot look to the 
more experienced veterinarian, then who are they going to 
obtain guidance from? Just because certain treatments or 
actions have been OK in the past does not mean they are 
OK now. Mentors need to be conscious of the situations 

that younger practitioners are asked to step into and make 
sure they are not ethically challenged by what they are 
asked to do.   

Ultimately, a younger veterinarian must make a constant 
effort to practice ethically within the established guidelines 
and make sure they have a good handle of the specific 
rules of not only the state but the organization for which 

they work. This will ensure that the 
younger veterinarian will not unknow-
ingly take bad advice from someone 
more experienced. That client or job 
for a less than ethical practice will 
seem much less important when they 
have lost their license and are no 
longer able to practice. 

An older veterinarian must remember 
not to expect anyone under their 
employ or advice to practice in this 

manner. An older veterinarian’s advice can directly impact 
a younger veterinarian’s practice future, which is a signifi-
cant responsibility that is often overlooked. We must all 
remember to do our best to represent this profession well 
and bring a good name to being an equine veterinarian.

Dr. Taylor is the owner of Green Pastures Equine Clinic in 
New Boston, Texas, and a member of the AAEP’s 
Professional Conduct and Ethics Committee.

Ethics: Alleviating ethical pressures faced by young practitioners

By Loni Taylor, DVM

Dr. Loni Taylor

Mentors need to be conscious of 
the situations that younger  
practitioners are asked to step 
into and make sure they are not 
ethically challenged by what 
they are asked to do.
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No segment of the horse industry has been immune from 
the challenges created by persistent and significant foal crop 
declines in recent years. The 2014 American Horse Council 
(AHC) National Issues Forum, titled “Where Have All the 
Horses Gone?” and held June 24 in Washington, D.C., shed 
light on the situation and efforts underway to reverse the 
trend. 

According to keynote speaker Tim Capps, director of the 
University of Louisville’s Equine Industry Program, the 
horse industry was in a bubble that peaked around 2004, 
with the subsequent drop in registered horses attributable 
to the economy and, to a lesser extent, the increasing cost 
of ownership and participation, concerns about welfare, 
and competition for leisure and gambling dollars. He noted 
that previous foaling declines, most notably during the 
Great Depression and mid-1980s, were accompanied by 
subsequent rebounds ignited by new investors in the horse 
industry.

Speakers from breed registries and horse shows expanded 
on the subject by addressing their specific challenges and 
the steps being taken to turn the corner. For example, The 
Jockey Club has invested in efforts to promote the best 
Thoroughbred races, better utilize social media, attract a 
younger demographic and develop new owners; the Ameri-
can Quarter Horse Association has updated the forum 
on their “Take Me Riding” youth initiative to introduce 
children to the world of horses; and the Arabian Horse 
Association, among others, has initiated a marketing cam-
paign to promote the benefits of registration.

In addition, members of the Saddlebred, Hackney and 
Morgan Horse industries have formed the United Breeders 
Committee to work with industry stakeholders to reduce 
the cost of producing a marketable horse. 

AAEP President Dr. Jeff Blea addressed the impact of 
declining foal production on equine veterinarians and ex-
plained the association’s efforts to help its members develop 
lasting client relationships through AAEP Touch. 

The consensus among presenters was that welfare programs 
are vital to attracting new participants, as are improved 
marketing, youth development and removal of barriers that 
discourage individuals from competing with their horse.

Time to Ride aims for 100,000 newcomers
Following up on the need for improved marketing and 
youth development, forum attendees were updated on Time 
to Ride, the AHC’s marketing alliance among the AAEP 
and other stakeholder groups charged with growing the 
horse industry by connecting moms with family-friendly 
horse activities in their area.

Time to Ride’s 100 Day Horse Challenge, designed to con-
nect 100,000 newcomers to horses between May 31 and 
Sept. 7, 2014, has achieved its goal of signing up 1,000 
stables, instructors and others in the horse community to 
host events and capture newcomer’s contact information. 
According to Patti Colbert, marketing manager for the 
alliance, the challenge will provide more than $100,000 in 
cash and incentives to hosts. 

Equine Disease Communications Center taking shape
Attendees were also briefed on the Equine Disease Com-
munications Center (EDCC) by Dr. Nat White, chair of the 
National Equine Health Plan Task Force. The EDCC will 
serve to alert the horse industry with accurate real-time 
information about disease outbreaks, thereby improving 
horse health and helping to prevent the negative economic 
impact resulting from decreased horse use. 

The EDCC office will be located at the AAEP’s headquar-
ters and house a communication specialist to coordinate 
and post messages about disease outbreaks; and a veterinar-
ian serving as the EDCC administrator, who will coordinate 
information from state animal health officials and alerts for 
current outbreaks and diseases. A call center will be  
established at the offices of the United States Equestrian 
Federation, whose IT department is creating a website.

A fundraising steering committee has been established to 
seek donations from the horse industry. Tax-deductible 
donations can be made to the AAEP Foundation and 
restricted for use by the EDCC. The estimated annual cost 
for a functional EDCC is $100,000, a small price for a real-
time information source that will help improve the health 
and welfare of horses and the industry. 

Industry turnaround strategies spotlighted at horse council forum

Dr. Jeff Blea explains how AAEP Touch will help practitioners 
deliver the veterinary care and services clients most desire. 
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www.foalsbeststart.com

Foals’ susceptibility to illness and infection can lead to unique 
challenges for practitioners in both the field and in the 
referral hospital. Are you prepared to deliver an accurate 
assessment and solution when the health of your client’s foal 
is on the line?

Focus on the First Year of Life, to be held Sept. 11-13 at the Sheraton Phoenix Downtown Hotel in Phoenix, Ariz., will 
equip you with the latest evidence-based knowledge to diagnose, manage and resolve the many common to complex 
health challenges that your youngest patients can present.

Act now because time is running out. The last day to pre-register for Focus on the First Year of Life is Aug. 28. After 
this date, please register on site at the meeting.

To view the meeting agenda and register, visit www.aaep.org/info/focus-firstyear. 

Focus on the First Year of Life is sponsored by:

September 11-13, 2014  Phoenix, Arizona

Start your youngest patients off on the right hoof at September Focus meeting 

Pre-registration deadline is Aug. 28

Geriatric horse care presents 
an opportunity for client 
services, according to the 
AAEP’s market research. 

While the majority of owners 
and trainers in our 2012 
survey said their usage of their 

primary veterinarian will likely stay the same over the 
next few years, 5 percent of respondents said they 
anticipate using their veterinarian more often. The reason 
for increased veterinary needs?  Aging horses will require 
more medical attention.

With horses often living well into their 20s and beyond, 
equine practitioners who are attentive to the unique 

needs of their older patients often build a successful—and 
appreciative—client niche within their practice.

As clients learn more about the special medical require-
ments of their older animals, the veterinarian as care 
provider and advisor becomes an even more valuable 
partner. 

Visit the Touch website at touch.aaep.org for client 
education materials about the care of aging horses that 
you can use immediately in your practice as well as case 
models about building a geriatric wellness program.

AAEP Touch is a benefit exclusively for members. To log 
in to the website, use the same username and password 
that you use for aaep.org.

Touch Point: Aging horses present care, service opportunity

No matter where you read Equine Veterinary Education, there’s now an app 
for that! The new AAEP Pubs app enables you to read EVE and the Annual 
Convention Proceedings from the convenience of your tablet or smartphone. 
Simply use your AAEP website login to access all current-year issues of EVE 
as well as the 2013 Annual Convention Proceedings. Download it from your 
app store today by searching “AAEP Publications.”

Read EVE on your smartphone or tablet

http://www.foalsbeststart.com
http://www.aaep.org/info/focus-firstyear
http://touch.aaep.org
http://www.aaep.org
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After its unanimous approval by the Senate in January, the 
Veterinary Medicine Mobility Act passed by voice vote in 
the House of Representatives on July 8 and was signed 
into law by the president on Aug. 1. 
 

The legislation removes a loophole from the Controlled 
Substances Act to clarify that veterinarians are allowed to 
transport, administer and dispense controlled substances 
and medications outside of their registered offices and 
hospitals. It ensures equine veterinarians have the ability 
to provide mobile or ambulatory services in the field to 
the horse community as they traditionally have.

The AAEP thanks its many members who contacted their 
Congressional delegation during the past year to urge 
support of this legislation. 

If you are interested in legislative advocacy—specifically, 
increasing your voice on behalf of the horses and equine 
practitioners in your state—plan to attend “Evoking 
Change Within the Profession,” a Scope of Practice and 
Advocacy Training Forum being held Saturday, Dec. 6 in 
conjunction with the AAEP’s 60th Annual Convention in 
Salt Lake City, Utah. For more information, contact 
AAEP’s Director of Industry Relations Keith Kleine at 
(859) 233-0147 or kkleine@aaep.org.

Veterinary Medicine Mobility Act signed into law

Legal transport of controlled substances is essential to  
ensuring the health and welfare of the nation’s horses.

Renowned equine internal specialist Dr. Doug Byars, who 
in 2007 became the first private equine practitioner to 
receive the American College of Veterinary Internal 
Medicine’s Kirk Award for professional excellence, died 
July 7 at his home in Georgetown, Ky. He was 70.

Dr. Byars received his veterinary degree from the 
University of California, Davis, in 1974. He served as a 
tenured professor in the University of Georgia’s College 
of Veterinary Medicine before joining Hagyard Davidson 
& McGee (now Hagyard Equine Medical Institute) in 
Lexington, Ky., in 1983. During his 25 years with 
Hagyard, he served as head of equine medicine and 
figured prominently in the investigation into the Mare 
Reproductive Loss Syndrome that afflicted Central 
Kentucky in 2001-02.

An AAEP member since 1976, Dr. Byars served on the 
Biologic and Therapeutic Agents, CE Strategic Planning, 
Educational Programs and Research committees.

Distinguished internist Dr. Doug Byars dies at 70

Opportunity Knocks!
Florida equine hospital seeks surgery/anesthesia tech

Ocala Equine Hospital, a large equine hospital and 
ambulatory practice located in Ocala, Fla., is looking for a 
surgery and anesthesia technician.

Duties include both surgery technician skills and 
anesthesia technician skills. Basic medical training and 
understanding of sterile technique as well as horse 
experience are essential. Anesthesia experience is desirable. 

We will accept resumes from applicants who do not have 
anesthesia experience but who would like to learn; we will 
train for anesthesia technician. 

For consideration, please fax or e-mail your resume to 
(352) 368-1609 or vickifoeh@gmail.com. For additional 
information about the practice, visit www.ocalaequine 
hospital.com.

Dr. Doug Byars

mailto:kkleine@aaep.org
mailto:vickifoeh@gmail.com
http://www.ocalaequinehospital.com
http://www.ocalaequinehospital.com
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Nine veterinary graduates of 2014 committed to careers 
in equine healthcare recently received $4,000 scholarships 
from Zoetis and the AAEP Foundation in recognition of 
their academic excellence, leadership in their school and 
AAEP student chapter, and long-term goals.

The annual scholarships are available thanks to the 
donations of Zoetis customers who participated in the 
Industry Support Program from Feb. 1 through April 30, 
2013. These veterinarians designated that a portion of 
their product purchases be used for scholarships for 
AAEP student members. Congratulations to the following 
scholarship recipients:

Gina Camarata, DVM, Tufts University
Rebecca (Becky) Gilday, DVM, University of 
Saskatchewan
Christy Jones, DVM, Ohio State University
Kathryn Livesey, DVM, University of Wisconsin
Daniela Luethy, DVM, University of California, Davis
Marianne Marshall, DVM, Colorado State University
Chia (Joy) Tseng, DVM, Cornell University
Jesse Tyma, DVM, Cornell University
Kami Vickerman, DVM, University of Minnesota

Starlight Racing partners will donate large sums to the 
AAEP Foundation and Grayson-Jockey Club Research 
Foundation for the purpose of funding research into 
laminitis, the insidious disease that recently claimed the 
life of the stable’s three-year-old 
Thoroughbred colt Intense Holiday.

Starlight will offer a matching-funds 
donation of up to $100,000 to be divided 
between the AAEP Foundation’s 
Laminitis Research Project and laminitis 
research funded by Grayson-Jockey Club. 
Both foundations are challenged with 
raising matching funds for their 
respective research projects. 

“Our impetus to donate and raise money 
for this research really arose, not just 
from our loss, but from the overwhelm-
ing outpouring of support from the racing community,” 
said Jack Wolf, founder of Starlight Racing. “We heard 
hundreds of stories from people who, like us, lost horses 
prematurely. … The overarching theme I’ve heard has 
been enormous frustration with regard to laminitis.”

Winner of the Grade 2 Risen Star Stakes at the Fair 
Grounds in February, Intense Holiday developed laminitis 

in both forelimbs days after undergoing surgery for a 
condylar fracture to his right foreleg May 27. He was 
euthanized June 12.
 

“We are saddened at the loss of Intense 
Holiday and the many other horses that 
have succumbed to this devastating 
disease,” said AAEP Foundation 
Chairman Dr. Jeff Berk. “We salute and 
thank Starlight Racing for its dedication 
to helping us try to solve the mysteries of 
laminitis. Based on multiple surveys with 
AAEP members over the past decade, 
laminitis research remains the number one 
disease equine veterinarians seek answers 
to. It is based on this member input the 
AAEP Foundation started its Laminitis 
Research Project and is the only research 
area the Foundation is directly funding.”

To participate in the matching donation challenge, send a 
check to the AAEP Foundation with a memo designating 
your donation for laminitis research in connection with 
matching the Starlight donation. Mail to: AAEP 
Foundation, 4075 Iron Works Parkway, Lexington, KY 
40511; or donate online at www.aaepfoundation.org. 

Matching-funds donation challenge issued in support of laminitis research

AAEP Foundation and Zoetis award scholarships to standout new veterinarians

At Focus on the Sport Horse. From left: Jodi Findley, 
Zoetis; scholarship winners Dr. Christy Jones and Dr. 
Rebecca Gilday; and Dr. Kenton Morgan, Zoetis.

http://www.aaepfoundation.org
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It’ll be head on the stock and eye on the 
rock at the AAEP Foundation Benefit 
Trap Shoot Tournament, hosted and 
sponsored by Animal Health 
International and held Saturday, Dec. 6 
in conjunction with the AAEP’s 60th 
Annual Convention.

Open to shooters of all proficiencies, the 
event has grown from 45 participants in 
2012 to 70 last year, when nearly 
$13,000 was raised for the Foundation. This year’s 
tournament will consist of a combination of trap and 
5-stand opportunities and will be held at Wasatch Wing 
& Clay in Utah’s beautiful Cedar Valley.

The $125 per person entry fee includes transportation, 
50 targets, ammunition, guns, ear protection, lunch, 
snacks and beverages. A generous donation to the AAEP 
Foundation will be made in each participant’s name, and 

Enjoy an evening of camaraderie and fun for a good 
cause—the welfare of our four-legged friends!—during 
this year’s Annual Convention by gathering with your 
colleagues for the 18th Annual AAEP Foundation 
Celebration on Tuesday, Dec. 9 at the Salt Palace 
Convention Center. 

Kicking the festivities 
into high gear will be 
country artist Charley 
Jenkins, whose energy, 
smooth tone and 
exceptional guitar 
skills will have guests 
on their feet and on 
the dance floor! 
Jenkins was one of 12 
finalists out of 45,000 
contestants on the 
2008 NBC series 
“Nashville Star,” and 
he has shared the stage 
with more than 30 
national acts, including 

Taylor Swift, Alan Jackson and Jason Aldean. Jenkins’ 
critically acclaimed fourth album “Hold On” cleverly 
blends the Utah native’s rodeo upbringing into every 
song. 

Putting the “fun” in fund-raising will be the return of the 
ever-popular live auction as well as an improved silent 
auction with limits on the number and types of items 
accepted. While the Foundation welcomes auction 
donations, please consider helping with a cash donation, 
which can be deployed more effectively toward the 
Foundation’s mission since there is no expense involved 
with shipping or setup.

For information on how to donate cash or an auction 
item, visit www.aaepfoundation.org and click on the 
“Events” tab; or call (859) 233-0147. All auction 
donations must be confirmed by Oct. 15 to be accepted.

Foundation Celebration tickets may be purchased with 
your Annual Convention registration (www.aaep.org/
info/education) or on site at the Convention while 
available. Foundation Celebration tickets will not be sold 
after Monday, Dec. 8 at noon. Ticket includes entertain-
ment, buffet dinner, open bar from 6:00-8:00 p.m., live 
and silent auctions, and dancing.

Thanks to AAEP Educational Partner Zoetis for its 
continued support and sponsorship of the AAEP 
Foundation Celebration.

‘Nashville Star’ Charley Jenkins to entertain at Foundation Celebration

Charley Jenkins

Aim for fun and philanthropy at Foundation Benefit Trap Shoot Tournament

prizes will be awarded. The shuttle bus 
will depart the Salt Palace Convention 
Center at 11:00 a.m.

Entries will be accepted as an individual 
or as a team. Team sizes will be 
determined based on final entry 
numbers. Single entrants will be placed 
on a team by organizers.

To enter, visit www.aaep.org/info/aaep-
foundation-benefit-trap-shoot-tournament or call the AAEP 
Foundation for an entry form at (859) 233-0147 or 
(800) 443-0177.

®

http://www.aaepfoundation.org
http://www.aaep.org/info/education
http://www.aaep.org/info/aaep-foundation-benefit-trap-shoot-tournament
http://www.aaep.org/info/education
http://www.aaep.org/info/aaep-foundation-benefit-trap-shoot-tournament


A m e r i c a n  A s s o c i a t i o n  o f  E q u i n e  P r a c t i t i o n e r s

Annual Convention
& Trade Show

December 6-10   |   Salt Lake City, Utah
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With numerous social media accounts it can be 
difficult to keep track of what to post when, which 
is why we use a free service 
called Hootsuite.com. It allows 
you to have your Facebook, 
Twitter, Google+ and LinkedIn 
accounts in one place so that 
you can create and even answer 
posts for each of them. It is also 
a great time saver because you can schedule posts. 
That comes in handy when we know we will be 

busy during the week. We will schedule some of our 
Facebook posts at the beginning of the week so we 

don’t have to worry about it later 
on. You can also use the scheduler 
in Facebook to do this as well.

Hootsuite “To Do” For You:
Create your own Hootsuite account 
and sign up your various social 

media platforms so you can see and manage all of 
your online action in one place.

Social Media Practice Tip: Manage your social media accounts with Hootsuite
By Mike Pownall, DVM

EQUUS magazine is committed to helping horse 
owners understand the nature and needs of their 
horses. Delivering the latest reports on veterinary 
research and horse care advice, presented in a 
compelling, reader-friendly 
format, EQUUS works in tandem 
with AAEP to provide the most 
accurate, up-to-date information 
about keeping our equine 
partners healthy and happy. 
Additionally, EquiManagement, a 
publication dedicated to the 

business of the equine practitioner, is polybagged 
with EQUUS and delivered to AAEP members 
quarterly.
 

Published by The Equine 
Network (www.aimmedia.com/
en.html), EQUUS has enjoyed a 
long partnership with the AAEP. 
Thank you for allowing EQUUS 
into your practice and making it 
a valuable educational resource 
for you and your clients.

The Horse is dedicated to providing hands-on partic-
ipants in the horse industry with reliable horse health 
information based on scientific 
research that experts explain. 
AAEP member veterinarians are 
important partners in this 
process, acting as invaluable idea 
generators, trusted sources, and 
respected reviewers. The Horse 
encourages productive dialogue 
between horse owner and veteri-
narian, ultimately promoting a positive veterinarian-
client relationship and optimal equine health care 
practices. 

All pages on TheHorse.com link to AAEP.org. The 
Horse magazine promotes AAEP and its missions 

through the monthly AAEP 
Forum, AAEP Ask the Vet, and a 
branding page in each issue. An 
editorial advisory board made up 
of AAEP members reviews 
content for each issue, helping 
staff ensure the material is 
accurate, up-to-date, and relevant 
to today’s horse owner.  

The Horse offers a special discount on gift subscrip-
tions given by AAEP members. Contact schurch@
TheHorse.com for this discount.

EQUUS

The Horse: Your Guide To Equine Health Care

AAEP Media Partner Profiles

http://www.Hootsuite.com
http://www.aimmedia.com/en.html
http://www.TheHorse.com
http://www.AAEP.org
mailto:schurch@TheHorse.com
http://www.aimmedia.com/en.html
mailto:schurch@TheHorse.com
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The AAEP welcomes new members and congratulates recent graduates

New Members:
Gustavo A. Abuja, DVM, Rhinebeck, NY
Sara Allard, DVM, Dixon, CA
Chris R. Bellinger, DVM, Newalla, OK
Robert H. Cook, DVM, Yreka, CA
Franco Dadone, DVM, Roascio, Italy
Eric Dent, DVM, Mount Pleasant, UT
Colette Elmas, DVM, Weilerswist, WI, 

Germany
Pamela Hawkins, DVM, Haughton, LA
William Boyd Henderson, VMD, 

Elizabethtown, PA
Rollin W. Johnson, DVM, Spanish Fork, UT
Eoin Kelly, DVM, Mornington, VIC, Australia
Beausoleil Lauzon, DVM, Rivière-du-Loup, 

QC, Canada
Samantha Maberry, DVM, Carrollton, MO
George McCallum, DVM, Overland Park, KS
Victor Mendoza, DVM, Salinas Victoria, 

Mexico
Carla Munoz, DVM, Miami Beach, FL
Cameon Ohmes, DVM, De Soto, KS
Anna Peggram, BVMS MRCVS, Capetown, 

South Africa
Elizabeth Spangler, DVM, Hunter River, PE, 

Canada
Tatum St. Pierre, DVM, Ocala, FL
Alexandra K. Tracey, DVM, Pendleton, SC
Mary Beth C. Winmill, DVM, Abbeville, LA
Catherine Ziegler, DVM, Cave Creek, AZ

Recent Graduates:
Rebecca Adkins, DVM, Athens, GA
Blaire Albers, DVM, Peculiar, MO
Sara Alfano, VMD, Duryea, PA
Kallie Ashcraft, DVM, Thompson’s Station, 

TN
Jessica Leigh, Aulisio, DVM, Gladstone, NJ
Ann-Marie Elizabeth Aumann, DVM, Mount 

Baldy, CA
Alexandra Barnard, DVM, Kennett Square, PA
Erika Jo Beck, DVM, Purcellville, VA
Kiara Bernat, DVM, Upton, MA
Skylar Bieleny, DVM, Gilbert, AZ
Jacquelyn Boyd, DVM, Columbus, OH
Marilyn Irene Boyd, DVM, Maryville, TN
Vanessa Bradley, DVM, Columbia, MO
Sara Rose Brewington, DVM, O’Fallon, MO
Kara Anne Brown, VMD, Ashland, VA
Bonita Burnham, DVM, Bryan, TX
Stephanie Ann Butler, DVM, Berthoud, CO
Andrea Butterfield, DVM, Ithaca, NY
Gina Maria Camarata, DVM, Shrewsbury, MA
Lukas Bass Chachere, DVM, Dayton, TX
Kimberley Chambers, DVM, La Verne, CA
Alexandria Ann Ciuffitelli, DVM, Tranquility, 

NJ
Kyle Force Clark, DVM, Glenmoore, PA
Kristen D. Cleary, DVM, Ocala, FL
Desiree N. Cooley, DVM, Starkville, MS
Aubrey N. Cordray, DVM, Humboldt, IA
Danielle Dimon, DVM, Athens, GA
Courtney Doddman, DVM, Chino Hills, CA
Amy Hannah Duff, DVM, Bristol, UK, United 

Kingdom
Jasmine Jaimie Duff, DVM BSc, Wetaskiwin, 

AB, Canada

William Seamus Dundon, DVM, Sheridan, WY
Amanda Durand, DVM, Prospect, CT
Kendall Enright, DVM, Aiken, SC
Lincoln Every, DVM, Hawthorn Woods, IL
Claire Filkins, DVM, Rhinebeck, NY
Nicole Finazzo, DVM, Ringoes, NJ
Ashley Anne Fleshman, DVM, Palouse, WA
Elaine Flory, DVM, Milton, VA
Allison M. Forbes, DVM, Phoenix, AZ
Kara J. Gebhardt-Tessman, DVM MS, 

Warrens, WI
Colleen Michelle Geisbush, DVM, Rocklin, CA
Traci Davies Gentry, DVM, Selma, TX
Jessica Gilbertie, DVM, Whitehouse Station, 

NJ
Becky A.M. Gilday, DVM, Littleton, CO
Eric Gilmore, VMD, Erie, PA
Karie J. Glander, DVM, Kiel, WI
Hadley Eliza Gleason, VMD, Kennett Square, 

PA
Emily Elizabeth Graham, DVM, Spruce Grove, 

AB, Canada
Sean Michael Grasso, DVM, Oxford, PA
Jill Sarah Greisman, DVM, Fultonville, NY
Carli Grimbleby, DVM, Tucson, AZ
Sarah Barta Grose, DVM, Elgin, IL
Christine Haas, DVM, Davis, CA
Reagan Hall, DVM, Bryan, TX
Sterling Schmitt Hall, DVM, Tolland, CT
Allison Hartman, DVM, Falcon Heights, MN
Abby Helgeson, DVM, Nicollet, MN
Lindsey Henderson, DVM, Knoxville, TN
Devon Ann Hodge, DVM, Greensboro, NC
Rebecca Holmbeck, DVM, Urbana, IL
Chad Hundley, DVM, Richmond, VA
Samantha Leigh Hunt, DVM, Corvallis, OR
Carolyn Hurwitz, DVM, Ravena, NY
Jenna Lynn Jackson, DVM, Maple Plain, MN
Inger Kristin Johansen, DVM, Tennevoll, 

Norway
Emily John, DVM, Guelph, ON, Canada
Amber Lace Johnson, DVM, Ocala, FL
Christy Jones, DVM, Aiken, SC
Zachariah Kaiser, DVM, Columbia, MO
Crystalyn Jennifer Kasa, DVM, Ocala, FL
Nicole Kelleher, DVM, Greensburg, IN
Kathleen Kelly, DVM, Plymouth Meeting, PA
Jessica Ketron, DVM, Kingsport, TN
Sarah Marie Khatibzadeh, DVM, Pawling, NY
Kaitie Kirkpatrick, DVM, Weatherford, TX
Christopher Klemencic, DVM, Trenton, ON, 

Canada
Diana Kroll, DVM, Athens, GA
Cassandra Rebecca Krueger, DVM, 

Weatherford, TX
Bridget Lambert, DVM, Elgin, TX
Elise Madara Lavie, DVM, Elon, NC
Nicolas Lavie, DVM, Baton Rouge, LA
Kayla Le, DVM, Baton Rouge, LA
Mary P. Lindahl, DVM, Three Forks, MT
Kathryn Ann Livesey, DVM, Middleton, WI
Daniela Luethy, DVM, Kennett Square, PA
Lindsay Lyle, DVM, Rougemont, NC
Lauren Mack, DVM, Hays, KS
Paige Manning, DVM, Charlottetown, PE, 

Canada
Catherine Manno, DVM, Urbana, IL

Marianne E. Marshall, DVM MS, Fort Collins, 
CO

Megan Elizabeth Mathias, DVM, Moorefield, 
WV

Rhiana McFarlin, DVM, Ocala, FL
Eryn McGowan, DVM, Pullman, WA
Marymir Miranda, DVM, San Juan, PR, 

Puerto Rico
Ashley N. Misner, DVM, Killbuck, OH
Lydia Justice Mudd, DVM, Christiansburg, VA
Carla Munoz, DVM, Miami Beach, FL
Rebecca Nanney, DVM, Union Mills, NC
Tyler James Newton, DVM, Santa Ynez, CA
Emily Christine, Nietrzeba, DVM MPH, Davis, 

CA
Charlene Vanessa Noll, DVM, Kennett Square, 

PA
Michael Nowicki, DVM, Simpsonville, KY
Kyle O’Nan, DVM, Starkville, MS
Brittany Ann O’Neil, DVM, Merrimac, MA
Lisa C. Paulsen, DVM, Calhoun, KY
Patricia Lynn Perry, DVM, Camarillo, CA
Meredith Lynn Phillips, DVM, Columbia, MO
Jael Pitts, DVM, Georgetown, KY
Jennifer Charlotte Pond, DVM, Monroeville, 

PA
Logan Potts, DVM, Clovis, NM
Tiffany Prud’Homme, DVM, Gatineau, QC, 

Canada
Casey R. Rabbe, DVM, Fairmont, MN
Lauren Michelle Ray, DVM, Thompson’s 

Station, TN
Henry Reinart, DVM, Hopkins, MI
Ruth Reinken, VMD, Rhinebeck, NY
Lauren Richardson, DVM, Langley, BC, 

Canada
Alisha Jennifer Rogers, DVM, Guthrie, OK
Heather Corinne Sherman, DVM, Ithaca, NY
Lori Michelle Smolkovich, DVM, St. Joseph, IL
Sara Lynn Specht, DVM, Sebastopol, CA
Tatum St. Pierre, DVM, Ocala, FL
Courtney Lane Steele, DVM, Santa Clarita, CA
Kathryn Keely Sullivan, DVM, Reddick, FL
Hannah Lee Thomas, DVM, Creal Springs, IL
Megan Tondre, DVM, Carthage, TX
Emily Roxanne Traylor, DVM, Plympton, MA
Ellis Traywick, DVM, Richmond, VA
Chia (Joy) Tseng, DVM, Oxford, PA
Michelle Tucker, DVM, Lexington, KY
Jesse Tyma, DVM, Rhinebeck, NY
Ashley Ruth VanderBroek, DVM, Athens, GA
Karen Anna Von Dollen, DVM, Santa Barbara, 

CA
Stephanie Walbornn, DVM, Ocala, FL
Kelly Ann Wasylciw, DVM, Sturgeon Falls, 

ON, Canada
Kimberly White, DVM, Summerville, GA
Amanda Wilson, DVM, Coyle, OK
Brooke Wilson, DVM, League City, TX
Lindsey Wittmeyer, DVM, Manhattan, KS
Gina Zambrano, DVM, Gainesville, FL
Lauren A. Zappitelli, DVM, Gilbert, AZ
Kelly Zersen, DVM, West Sacramento, CA
Catherine Ziegler, DVM, Cave Creek, AZ
Jamie Lee Zuidema, DVM, Ames, IA
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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 Meetings and Continuing Education

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

Membership Benefits

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 commu-
nities 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

AAEP group purchasing program qualifies your practice for substantial savings

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

Participation in the group purchasing program is free with 
your AAEP membership. Depending on usage, savings 
could exceed the annual cost of your AAEP membership.

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

membership benefit, contact  
Nick Altwies, membership services 

coordinator, at naltwies@aaep.org.

Request research articles through the Texas A&M Medical Sciences Library

Your AAEP membership enables you to access valuable research articles 
from the Texas A&M Medical Sciences Library. To request mediated 
database searches and have documents delivered to your practice using the 
library’s Get It For Me service, go to http://getitforme.library.tamu.edu/
msllocal and log in. 

If you are a first-time user, you must register with your e-mail address and a 
password. Search results and articles will be delivered to your inbox within 
two business days.

http://www.aaep.org
http://www.aaep.org
mailto:naltwies@aaep.org
http://getitforme.library.tamu.edu/msllocal
http://getitforme.library.tamu.edu/msllocal


/eqstable

EQStable™ available in 
the Apple® App Store®

Join our community

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

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

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

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

http://www.FluvacInnovator.com/calculator


Animal Kingdom
2011 Derby Winner. 2013 World Cup Winner.

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

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

Also Recommend:

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

010.1078.00

*avocado/soybean unsaponifiables 

HELPING MAKE EVERY HORSE A LEGEND

Omega-3 Fatty Acid 
FISH Oil Supplement

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

IMMUNE SYSTEM 
HEALTH

CARDIOVASCULAR/
EXERCISE SUPPORT   

RESPIRATORY SUPPORT

SKIN & COAT HEALTH

JOINT FUNCTION

BREEDING STALLIONS

GESTATING/LACTATING 
MARES

Look for 
Welactin 
Equine in

NEW 
PACKAGING!

Tasty peppermint 
flavor your horse 

will love!

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

THE MOST ADVANCED
JOINT HEALTH FORMULAS

http://www.nutramaxlabs.com


Highlights of recent clinically relevant papers

Serum amyloid A testing
This study by Judith Howard and Claudia Graubner from the
University of Berne, Switzerland, aimed to evaluate whether
equine serum amyloid A (SAA) concentrations could be
reliably measured in plasma with a turbidimetric immunoassay
previously validated for equine SAA concentrations in serum.

Paired serum and lithium-heparin samples from 40 horses
were evaluated. No difference was found in SAA
concentrations between serum and plasma using a paired t
test. The correlation between paired samples was 0.97.
Passing-Bablok regression analyses revealed no differences
between paired samples. Bland-Altman plots revealed a
positive bias in plasma compared to serum but the difference
was not considered clinically significant. From these results, the
authors concluded that lithium-heparin plasma samples are
suitable for measurement of equine SAA using this method. Use
of either serum or plasma allows for greater flexibility in sample
collection but care should be taken when comparing data
between measurements from different sample types.

Diffusion characteristics after perineural injection
In this recently published study, E. Contino and colleagues in
the USA assessed the diffusion characteristics following
perineural injection of the deep branch of the lateral plantar
nerve, and the likelihood of inadvertent injection of the tarsal
sheath/tarsometatarsal (TMT) joint.

Both hindlimbs of 8 horses were randomly allocated be
injected with mepivacaine or positive contrast medium.
Radiographs were taken before and after injection of the
contrast medium allocated limbs, and in the mepivacaine
allocated limbs, the concentration of mepivacaine in the TMT
joint was established in a semi-quantitative fashion at 10 and
20 min post injection. Contrast medium was found to diffuse
both proximally and distally from the injection site
(distal>proximal), with diffusion becoming more widespread
over time. In 3 limbs there was evidence of contrast medium in
the tarsal sheath. In the mepivacaine-injected limbs, 25% had
a concentration of mepivacaine, thought to be sufficient to
induce analgesia, in the TMT joint at 10 min post injection. In
this study an injection volume of 3 ml was used for both
substances, which is more than described in the original
description of this technique, but believed to reflect clinical
practice.

Inadvertent penetration of both the tarsal sheath and TMT
joint is possible when performing diagnostic analgesia of the
deep branch of the lateral plantar nerve, diffusion of the
injected material can be extensive. These factors should be
taken into consideration when performing and interpreting this
procedure.

Posture and movement in horses with shivering
Shivering is a poorly defined movement disorder,
predominantly affecting draught breeds of horses. In this study,
A. Draper and colleagues based in the USA, Canada and New
Zealand utilised videos of movement disorders in horses to
provide a detailed description of shivering and to subjectively
characterise the movement of the hindlimbs to allow
comparison with other movement disorders, such as stringhalt.

The videos of 70 horses walking forwards and backwards in
hand, turning sharply in both directions and having hindlimbs
lifted manually were reviewed; the stride movement was
assessed both subjectively, and semi-quantitatively where the
stride was representative and the camera angle was
standardised. The subjective analysis allowed shivering to be
categorised into the following groups: standing hyperflexion
(hyperflexion upon lifting hindlimbs, normal gait), shivering
hyperextension (hyperextension of hindlimbs upon walking
backwards), shivering hyperflexion (hyperflexion of hindlimbs
when walking backwards) and shivering forward hyperflexion
(similar to hyperflexion, with additional hyperflexion during
forward walking). These cases could be differentiated from
stringhalt cases, which had bilateral, exaggerated stifle and
hock flexion during every forward and backward stride. The
semi-quantitative assessment found that horses with shivering
hyperflexion, forward hyperflexion and stringhalt all showed a
prolonged swing phase of the gait during backward walking.
These different presentations of shivering may represent
differing severity of disease or different neurological
conditions.

A diagnosis of shivering is based on the clinical signs of
difficulty reversing, with muscle hypertonicity that results in
either hindlimb hyperflexion or extension; a diagnosis should
not be made on the basis of hyperflexion only exhibited when
the limb is manually lifted.

Managing overriding spinous processes
In this retrospective study, B. Jacklin and colleagues at
Newmarket Equine Hospital, UK, evaluated a new surgical
technique for managing overriding spinous processes of the
thoracolumbar vertebrae (SPs).

Surgery is often favoured when conservative therapies
have failed, pathology is severe, or in competition horses
constrained by drug withdrawal periods. The aim of this study
was to evaluate whether subtotal (cranial wedge) ostectomy
is an effective treatment for overriding SPs, and also to
compare surgery time, complication rates, the contour of the
spine and the functional and cosmetic outcome with
previously reported surgical techniques for management of
overriding/impinging SPs.

Medical records for 25 cases that had undergone this
procedure were evaluated for anamnesis, clinical findings and
details of surgical and post operative management. Outcome
of surgery, including both functional and cosmetic results, was
assessed by telephone questionnaire with owners. Clinical
signs had resolved and the horses returned to full work in 78.9%
and a further 18.2% were improved following this procedure. In
contrast to previously described amputation techniques,
subtotal (cranial wedge) ostectomy removes only impinging
portions of SPs. General anaesthesia and lateral recumbency
facilitate access and enable a short surgery time. The
procedure maintains the contour of the back and has fewer
complications, but produces functional outcomes similar to
more invasive procedures.

Fracture diagnosis at racecourses
In this retrospective study, R. Reardon and colleagues in the UK
examined the records of Thoroughbred horses that had raced
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in Great Britain from 1999 to 2005 and had suffered fatal distal
limb fractures (DLF). The accuracy of the veterinary
racecourse diagnoses was assessed and the authors
examined whether these improved following the introduction
of a computerised recording system.

Post mortem examinations were performed on limbs distal
to radius or tibia from all cases of fatal DLF occurring on British
racecourses during the study period. Results of these
examinations were described and compared with the
diagnoses made at the racecourses. Over the study period,
fatal DLF prevalence in all race types was 0.63 per 1000 starts,
with the lowest frequency (0.34 per 1000 starts) in flat racing on
turf and the highest frequency (1.56 per 1000 starts) in National
Hunt flat races. Fatal DLF prevalence in steeplechase racing in
this study (1 per 1000 starts) was lower than reported in previous
studies (2.3 per 1000 starts). Racecourse veterinary
identification of fracture presence was good (>93%); however,
identification of all fractured bones was poor (<55%).
Introduction of a computerised recording system did not
significantly improve diagnostic accuracy. The authors
concluded that the prevalence of fatal DLF has not
significantly altered since the 1970s and suggested that
techniques such as on course digital radiography to help
improve racecourse fracture diagnoses could be introduced.

Associations of health status with longevity
In this study, Lina Jönsson and colleagues in Sweden aimed to
determine associations of health status and conformation with
competition longevity and lifetime performance in young
Swedish Warmblood riding horses.

A total of 8238 horses were examined for health,
conformation and performance from 1983 to 2005 (aged 4–5
years) and competition results from 1983 to 2012 were
evaluated. Associations between conformation, health, and
talent scores of young horses and longevity (years in
competition) and lifetime performance were analysed. Odds
ratios of competing later in life among horses with joint flexion
test reactions were determined. Genetic correlations between
young horse health, conformation, and talent scores and
longevity and lifetime performance were determined. Good
overall 4- to 5-year-old health, conformation, and talent scores
for performance were phenotypically and genetically
associated with greater longevity and lifetime performance.
Good health was genetically correlated to longevity and
lifetime performance. Among conformation traits, body type
and movements in the trot were most strongly associated with
future longevity; these were genetically correlated to
longevity and lifetime performance. Intermediate-sized horses
were associated with highest longevity and lifetime
performance. Positive flexion test results were associated with
lower ORs of competing later in life, compared with no
reaction, and were associated with lower longevity. Horses
with good health and conformation at a young age had
better longevity in competitions than the mean. Positive
correlations suggested that improvement of health and
conformation of young horses will enhance their future athletic
talent and performance.

Treatment of infundibular caries in cheek teeth
In this study, P. Dixon and colleagues at the University of
Edinburgh have evaluated the restoration of carious equine
maxillary cheek teeth (CT) infundibulae following high-pressure
gas and micro-particle abrasion.

Infundibular caries of the equine maxillary CT can lead to
dental fracture or apical infection. Removal of food debris and
carious dental tissue from affected infundibulae using
high-pressure abrasion with aluminium hydroxide
microparticles, followed by filling the cleaned defect with
endodontic restorative materials is a recommended
treatment.

Forty maxillary CT that contained 55 infundibulae with
caries were extracted post mortem from 21 horses. Five CT
were sectioned prior to treatment for visual examination of the
carious infundibulae. The remaining carious infundibulae were
cleaned using high-pressure abrasion with aluminium
hydroxide particles and 5 CT were sectioned to assess the
efficacy of this cleaning process. The remaining 30 CT
containing 39 carious infundibulae were then filled with a
composite restorative material. Computed tomography
imaging followed by direct visual examination after sectioning
the teeth was used to assess the efficacy of this restoration.
Only 18/39 (46%) of restored infundibulae, all with shallow
defects (mean 9.6 mm deep), were fully cleaned of food
debris and carious material, and filled with restorative material
to their full depth. Of these, 11 had peripheral defects around
the restoration, leaving 7/39 (18%) of restorations without any
gross defects. The remaining 21/39 (54%) infundibulae (mean
depth of defect, 18.3 mm) still contained food debris and/or
carious material in more apical locations, with infundibulae
with the deepest caries defects being the least effectively
cleaned. The findings of this study indicate that high-pressure
micro-particle abrasion is only effective in cleaning food debris
from shallow, carious CT infundibulae and consequently, the
majority of subsequent infundibular restorations are imperfect.

S. WRIGHT
EVE Editorial Office
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Case Report

Surgical treatment of synovial osteochondromatosis in the middle
carpal joint of a pony
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Summary
A 9-year-old Paint pony gelding presented for signs of left
carpal swelling of 1–2 weeks’ duration. Radiographic,
ultrasonographic and arthroscopic evaluation of the left
carpus was consistent with synovial osteochondromatosis.
This presumptive clinical diagnosis was confirmed
histopathologically. Arthroscopic removal of the
osteochondral bodies resulted in resolution of the carpal
effusion and return to previous athletic activity by 4.5 months
post operatively. Arthroscopic removal of osteochondral
bodies is the treatment of choice in cases of suspected
synovial osteochondromatosis.

Introduction
Synovial osteochondromatosis is considered a benign disease
characterised by calcification of cartilaginous nodules within
a synovial lined structure (Kirk 1982). It is considered rare
in small animals and in horses (Newell et al. 1996). This case
report describes the arthroscopic treatment of synovial
osteochondromatosis in the middle carpal joint of a pony.

Case history
A 9-year-old Paint pony gelding was presented to the North
Carolina State University Veterinary Health Center for
evaluation of left carpal joint effusion. The pony was being
used as a youth hunter at the time of presentation. The owner
first noted swelling within the left carpal joint approximately 1–2
weeks prior to referral. Upon evaluation by the referring
veterinarian, the pony displayed varying degrees of mild to
marked lameness at the trot in hand on a hard surface. Initially,
there was a marked response to flexion of the left carpus. This
flexion was repeated by the referring veterinarian with only a
mild positive response. Radiographs by the referring
veterinarian revealed multiple, discrete calcified bodies within
the left middle carpal joint. The pony was referred to the North
Carolina State University Veterinary Health Center for further
evaluation and treatment prior to sale.

Clinical findings
Upon presentation, all vital parameters were within normal
limits. There was moderate effusion within the left middle
carpal joint. Discrete, firm, nodular-like bodies could be
palpated within the left middle carpal joint and appeared to
be mobile within the joint or joint capsule. There was no heat or
pain present on palpation of the left carpus. Further

musculoskeletal examination revealed no other abnormalities.
Lameness evaluation of the pony demonstrated that he was
sound in hand at the trot on a hard surface. Distal limb flexion
tests were unremarkable. There was a mild positive response to
proximal limb flexion of both forelimbs with decreased range
of motion present in the left carpus.

Standard radiographic projections of the left carpus
were obtained including the dorsopalmar, lateromedial,
flexed lateromedial, dorsolateral-palmaromedial oblique,
dorsomedial-palmarolateral oblique, and the dorsal 30°
proximal-dorsodistal oblique. Increased soft tissue surrounding
the carpus was consistent with effusion. There were multiple,
well defined, irregularly margined, faintly mineralised bodies
dorsal to the middle carpal joint. These structures were
superimposed with the middle carpal joint on the flexed lateral
projection suggesting an intra-articular location. Moderate
degenerative changes of the carpus were characterised by
moderate osteophytosis of the dorsal borders of the
radiocarpal joint. Osseous proliferation of the dorsomedial
margin of the proximal third metacarpal bone indicated
enthesophytosis of the insertion of the extensor carpi radialis.
Additional irregularly margined osseous proliferation along the
dorsal margins of the third carpal and metacarpal bones was
suggestive of remodelling, as might occur with previous
trauma (Fig 1). There was no radiographic evidence of a
subchondral defect or osteochondral chip fracture of any of
the carpal bones. Few irregularly margined mineralised foci
were also present palmar to the middle carpal joint. There was
no radiographic evidence of fractures of the bones in the
palmar aspect of the joint, and the mineralised bodies were
felt to represent an extension of the pathology within the
dorsal aspect of the joint.

Ultrasonographic examination confirmed a moderate
amount of effusion and synovial proliferation of the middle
carpal joint. Multiple well defined, irregularly margined,
hyperechoic, distally shadowing mineralised bodies were
present within the middle carpal joint. A few of these bodies
appeared to be intimately associated with the synovium while
several were freely moveable with flexion of the carpus (Fig 2).

Based on the clinical examination and diagnostic imaging,
differential diagnoses for the intraarticular mineralised
bodies included atypical, dystrophic mineralisation of previous
intra-articular haemorrhage or inflammatory material, as
occurs with intra-articular sepsis or primary synovial
osteochondromatosis. Chip fractures or osteochondral
fragments were considered unlikely given the atypical shape
and radiographic opacity of these structures relative to their
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size along with the lack of associated subchondral defects
within the carpal bones. Neoplasia, such as low grade
chondrosarcoma, was considered unlikely although it could
not be definitively ruled out.

After discussing with the client the options of conservative
treatment including intra-articular anti-inflammatory therapy
or surgical exploration and lesion removal, it was elected to

perform arthroscopic evaluation. This decision was based on
prolonging the athletic career of the pony, as free-floating,
intra-articular, mineralised bodies would be likely to result
in progression of osteoarthritis of the middle carpal joint.
Additionally, the pony was coming up for sale, and the current
owner wished to address any current orthopaedic issues prior
to any transaction. Preoperative bloodwork consisting of a
complete blood count and creatinine were within normal
limits.

Treatment
The pony was administered potassium penicillin (Pfizerpen1,
22,000 iu/kg bwt i.v.) and gentamicin (GentaVed2, 6.6 mg/kg
bwt i.v.) as well as phenylbutazone (ButaJect3, 4.4 mg/kg bwt
i.v.) in preparation for arthroscopic surgery of the left middle
carpal joint. Xylazine (AnaSed4, 1.1 mg/kg bwt i.v.) was
administered as a premedication to obtain adequate
sedation. General anaesthesia was induced with ketamine
(Ketaset5, 2.2 mg/kg bwt i.v.) and midazolam (Midazolam6,
0.1 mg/kg bwt i.v.) and maintained with isoflurane (Terrell)7.
The pony was positioned in dorsal recumbency with the left
forelimb suspended in partial flexion. The limb was clipped
from the mid-metacarpus to the mid-antebrachium,
aseptically prepared, and draped for arthroscopic evaluation
of the carpus. A synovial fluid sample was obtained from the
middle carpal joint for cytology immediately prior to surgery.

The boundaries of the extensor carpi radialis and common
digital extensor tendons were identified and the middle carpal
joint was distended with 100 ml of sterile lactated Ringer’s
solution. A 5 mm stab incision was made over the dorsolateral
aspect of the middle carpal joint lateral to the extensor carpi

a) b) c)

Fig 1: a) Dorsomedial-palmarolateral oblique radiograph of the left carpus. Moderate soft tissue swelling surrounded the carpus with
well-defined mineral bodies superimposed with the dorsolateral aspect of the carpus in the location of the middle carpal joint. There was
moderate new bone formation along the dorsolateral aspects of the third carpal and metacarpal bones. Small mineralised bodies were
also present palmar to the carpus. b) Dorsolateral-palmaromedial oblique radiograph revealed additional, well-defined mineral bodies
within the dorsomedial aspect of the joint, as well. c) Flexed lateral radiograph of the carpus. Superimposition of the osseous bodies with
the middle carpal joint suggested an intra-articular location. Moderate degenerative changes were characterised by osteophytosis of the
proximodorsal margin of the intermediate carpal bone and osseous proliferation along the dorsal aspect of the carpometacarpal joint.
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Fig 2: Ultrasonographic evaluation of the middle carpal joint with
the carpus flexed. Proximal is to the left. Freely moveable mineral
bodies were present within the middle carpal joint. CR =
radiocarpal bone; C3 = third carpal bone; ECR = extensor carpi
radialis tendon.
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radialis tendon. An arthroscopic cannula was inserted into the
joint with a blunt obturator, and the obturator replaced with a
4.5 mm 30° forward viewing arthroscope (Dyonics)8. Routine
examination of the joint was performed. Upon entering the
middle carpal joint, the known calcified bodies were identified
as multiple fragments ranging in size from 5 to 15 mm in
diameter and were freely floating (Fig 3). Moderate cartilage
erosion and fibrillation was identified along the visible surface
of the proximomedial aspect of the third carpal bone and
distolateral surface of the radiocarpal bone. The adjacent
synovial villi were proliferative and hyperaemic. A second
5 mm stab incision was made over the middle carpal joint just
medial to the extensor carpi radialis tendon to be used as an
instrument portal. A combination of Ferris-Smith rongeurs and a
5.5 mm full radius motorised bone cutting instrument (Dyonics)8

were used to break down and remove the osseous bodies in
multiple fragments without difficulty. The 2 portals were closed
with 2-0 nylon (Monosof)9 using an inverted cruciate pattern.
Samples were submitted for histopathology. A full limb
bandage was placed on the left forelimb extending from the
coronary band to the mid-antebrachial region prior to
recovery. Anaesthetic recovery was assisted with ropes tied
into the tail and the halter and was without complication.

Post operatively, the pony was administered a tapering
dose of phenylbutazone (Bute Boluses)10 orally over a 7 day
period. The full limb bandage was replaced at 24 and 72 h
post operatively. Incisions were noted to be clean, dry, and
healing appropriately. Post operative swelling was minimal.
The pony was discharged following the second bandage
change. He was stall rested for 2 weeks following surgery with
bandage changes every 2–3 days by the owner. At 14 days,
the sutures were removed and the left middle carpal joint was
treated with a low dose (6 mg) of triamcinolone (Kenalog)11

and 20 mg of hyaluronic acid (Hylartin V)1 in an effort to
decrease any remaining post surgical inflammation and
minimise joint effusion. An additional 2 weeks of stall rest with
20 min of hand-walking daily followed. After 4 weeks, the pony

was turned out into a small paddock for another 30 days prior
to resuming normal activity and turnout.

Cytology
Synovial fluid obtained at the time of surgery was submitted for
cytology. The total nucleated cell count was 190 × 106 cells/l,
and the total protein was 25 g/l. A differential cell
count revealed 80% large mononuclear cells, 19% small
mononuclear cells, and 1% nondegenerative neutrophils. No
aetiological agents or evidence of neoplasia were noted.
Overall, the synovial fluid was considered normal.

Histopathology
Five pieces of biopsied tissue were submitted and evaluated
with similar histological findings in all pieces (Fig 4). Tissue
fragments were composed of nodules of mature hyaline
cartilage with multifocal areas of endochondral ossification,
particularly at the periphery of the nodules. The central regions
were often necrotic with a loss of differential staining
and lacunae that were either empty or contained
hypereosinophilic chondrocytes. The nodules were multifocal
and bound by a thin outer rim of dense fibrous tissue.
The histological diagnosis was proliferative cartilage with
endochondral ossification and central necrosis. Although
a synovial lining was not confirmed, the histopathological
findings, in conjunction with the clinical history and
additional diagnostics, were consistent with synovial
osteochondromatosis.

Outcome
The owner was contacted at 16 weeks post surgery. At that
time, the pony was reported to be sound at all gaits. There was
no effusion in the left carpus, and the owner considered it
cosmetically improved. The pony was reported to have
returned to the previous level of activity, which included
jumping up to 2 feet.

Discussion
Osteochondromatosis is defined as multiple, abnormal
cartilage growths that undergo endochondral ossification.

1 *

Cr

C3

*

Fig 3: Arthroscopic image of the middle carpal joint. Large, freely
floating osteochondral body consistent with synovial
osteochondromatosis. Note also the inflamed synovial villi and
cartilage erosion of the radiocarpal and third carpal bones. Cr =
radiocarpal bone; C3 = third carpal bone.

50 μm

*

Fig 4: Cartilaginous nodule (left side of image) with endochondral
ossification (*) bound by a thick rim of fibrous tissue (right side of
image). The specimen is stained with haematoxylin and eosin and
shown at 200×.
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Synovial osteochondromatosis is the term applied when
these structures form within a synovial lined structure. It is
hypothesised that these masses are formed when the synovial
cells preferentially differentiate into chondroblasts forming
cartilaginous masses that are nourished by the synovium. The
cells within the centre of these masses further differentiate into
osteoblasts (Newell et al. 1996). The vascular pedicle on which
the osteochondromas initially form can break down resulting
in free-floating synovial bodies (Edinger and Manley 1998).
Synovial osteochondromatosis occurs primarily due to
high levels of fibroblastic growth factors within the synovial
fluid or, more commonly, secondary to osteoarthritis,
osteochondral defects, trauma, osteonecrosis, rheumatoid
arthritis, neuropathic osteoarthropathy or tuberculosis in
humans (Peh et al. 1999; Langguth et al. 2002). It is usually
monoarticular and is most common in the human knee with a
radiographic appearance often referred to as a ‘snow storm
knee’ (Osada et al. 2005). Other sites reported to be affected
in man include the elbow, hip, shoulder, ankle and
temporomandibular joint (Edinger and Manley 1998).

The assumption in the present case is that osteoarthritis
led to the development of synovial osteochondromatosis
in the carpus of the pony. However, it is also possible that a
traumatic event was the inciting cause of the osteoarthritis,
but this cannot be determined based on our diagnostic
findings. Also, there is no known history of trauma to the
left carpus. Furthermore, it is unlikely that the synovial
osteochondromatosis occurred primarily, resulting in
osteoarthritis, given the degree of degenerative changes
relative to the number of osseous bodies.

Reports of synovial osteochondromatosis in veterinary
medicine are sparse with the majority involving the stifle,
shoulder, and tarsus of the dog (Mahoney and Lamb 1996). In
the horse, the condition has been confirmed histologically in
the femorotibial bursae following biopsy of the lesions (Kirk
1982). A presumptive radiographic and ultrasonographic
diagnosis was made within the extensor carpi radialis tendon
sheath of an additional horse (Newell et al. 1996). To the
authors’ knowledge, there have been no published case
reports of synovial osteochondromatosis involving the middle
carpal joint of the horse or arthroscopic treatment of such
lesions in any joint. Smith et al. (1995) reported a case of
bilateral synovial chondromatosis in the metatarsophalangeal
joints of a pony. This lesion, as reported by Smith et al. (1995),
is similar histologically to synovial osteochondromatosis;
however, there is no ossification of the cartilaginous foci. In that
case, bilateral metatarsophalangeal joint arthroscopy was
performed, and the intrasynovial masses were resected. The
pony was considered sound at 12 months following surgery
and had been in full work for about 8 months. Additionally,
there was minimal effusion in the joint post operatively.

Synovial osteochondromatosis appears to be a benign
condition. However, there is one case report in the literature of
malignant transformation to chondrosarcoma in the elbow of
a dog (Aeffner et al. 2012). This transformation reportedly
occurred over a 20 month period and resulted in amputation
of the limb following 3 prior surgical treatments. There are
reports in the human literature of malignant transformation of
synovial osteochondromatosis (Nixon et al. 1960) and synovial
chondromatosis (Perry et al. 1988; Wuisman et al. 1997; Blokx
et al. 2000; Sah et al. 2007). Davis et al. (1998) reported on 53
cases of human synovial chondromatosis and found a post
operative recurrence rate of 15% with 5% undergoing

malignant transformation. While malignant transformation of
synovial osteochondromatosis has not been reported in
equine species, this occurrence in other species should be
considered when discussing surgical treatment. It should also
be kept in mind that malignant transformation has occurred
following aggressive surgical intervention in other species.

In conclusion, this case report has documented a case of
synovial osteochondromatosis in the middle carpal joint of a
pony. Synovial osteochondromatosis should be considered as
a differential diagnosis when free-floating osteochondral
bodies are observed on radiographic, ultrasonographic or
arthroscopic examination. Histopathology should confirm the
diagnosis. While malignant transformation has not been
reported in the horse, it has been documented in other
species and should be considered when contemplating
treatment. Given the successful outcome of this case and the
case of synovial chondromatosis reported by Smith et al.
(1995), surgical treatment should be considered in cases of
suspected synovial osteochondromatosis.
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Synovial osteochondromatosis
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Summary
Synovial osteochondromatosis represents a very unusual
synovial response in the horse and can be either primary or
secondary. The condition describes metaplastic and focal
formation of cartilage within the intimal layer of the synovial
membrane. The condition is also uncommon in other domestic
animals, although occurs more frequently in man. Treatment
usually involves arthroscopic removal of osteochondral bodies
and resection of abnormal synovium. Recurrence is quite
common and malignant transformation rarely occurs
although, to date, this has not been reported in the horse.

The synovium is a dynamic tissue comprising the lining of the
joint and plays a major role in joint homeostasis. Synovium is
composed of 2 to 3 layers of synoviocytes, overlying loose
connective tissue containing fat, collagen and blood vessels.
In each synovial cavity there are areas where the synovium is
villous and areas which are avillous. The arthroscopic surgeon
should be aware of the regional topography as well as the
more commonly attended aspects of articular anatomy. The
responses of synovium to articular insult are varied and
examination during arthroscopic surgery can provide useful
information regarding the aetiology and/or current nature of
abnormalities within the joint environment. Below are some of
the more common synovial responses and what they usually
represent:

1) Hyperaemia response to acute inflammation. The blood
vessels within the villous portions of the synovium become
visually engorged, giving a reddened appearance.

2) Hypertrophy and proliferation. The synovial villi become
thickened and oedematous, characteristic of more
chronic synovitis.

3) Haemosiderosis. Accumulation of haemosiderin pigment
and its breakdown products following recurrent
intra-articular haemorrhage.

Synovial osteochondromatosis represents a very unusual
synovial response in the horse and can be either primary or
secondary. The condition describes metaplastic and focal
formation of cartilage within the intimal layer of the synovial
membrane (Jeffreys 1967). Synovial osteochondromatosis has
only been previously reported in 3 isolated equine case reports
in the English literature, involving the metatarsophalangeal
joint, femorotibial bursa and extensor carpi radialis tendon
sheath (Kirk 1982; Smith et al. 1995; Newell and Roberts 1996).
The case presented in this issue by Newman et al. (2014)
provides a useful addition, reporting occurrence in the middle
carpal joint which is previously undocumented.

Due to the sparsity of equine reports it is necessary to
consult literature from other species in an attempt to better

understand osteochondromatosis and develop logical
recommendations for treatment. The condition remains rare in
other domestic animals and, although there are many reports
in man, most are limited to case reports or small case series,
highlighting its still relatively infrequent occurrence.

The nomenclature associated with the condition is
confusing. Multiple different conditions are often discussed
under the same umbrella, including chondromatosis of the
joint capsule, diffuse chondroma of the joint capsule, joint
chondroma, synovial osteochondromatosis and synovial
chondromatosis (Gottschalk et al. 2012). All represent a similar
response of the synovial membrane and understanding the
condition becomes simpler when viewed from an
aetiopathological standpoint. It is also important to
differentiate primary and secondary forms.

Primary synovial osteochondromatosis is less common than
the secondary form. The condition in man is usually
monoarticular and the knee joint is most frequently affected
(Davis et al. 1998). The initial event recognised along the
pathological pathway is benign cartilaginous metaplasia of
the synovium (Jeffreys 1967). The metaplastic synovium
subsequently organises into nodules and with minor trauma
these nodules can become shed into the joint space as free
bodies. The synovial fluid maintains nutrition of the free bodies
and with time enlargement and progressive ossification can
occur. Synovial reattachment may occur and result in either
progressive ossification or, on occasion, complete resorption of
the nodule. In severe cases, the osteochondral body may
eventually penetrate the joint capsule and begin to impinge
on adjacent tissues (Gottschalk et al. 2012). The previous
equine reports of synovial osteochondromatosis are all most
consistent with the primary form (Kirk 1982; Smith et al. 1995;
Newell and Roberts 1996). However, the bilateral nature of the
condition reported by Smith et al. (1995) raises question over
whether this is indeed primary or may be secondary to
mechanical factors.

Malignant transformation of the primary form of the
condition is a rare progression reported in man, which has also
been reported in 2 canine cases in the veterinary literature
(Díaz-Bertrana et al. 2010; Aeffner et al. 2012). An incidence
of up to 5% has been reported in man (Davis et al.
1998), although metanalysis would suggest the true rate is
lower. To date, there has been no report of this sequel in the
horse.

Unlike the primary form of the condition, which occurs
in an otherwise normal joint, secondary synovial
osteochondromatosis occurs in joints afflicted with
osteoarthritis or other mechanical or arthritic conditions which
result in intra-articular chondral bodies (Gottschalk et al. 2012).
This is much more common than the primary form in man
(Gottschalk et al. 2012). In such cases, shed cartilage
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fragments from the joint surface undergo transformation into
larger osteochondral bodies. In man, bilateral joint
involvement with multiple free bodies is suggestive of the
secondary form. The current case most likely represents the
secondary form of osteochondromatosis (Newman et al.
2014).

Treatment of both primary and secondary
osteochondromatosis is based on removal and in most cases
this can be accomplished arthroscopically. In the human
literature, there is long standing debate regarding the role of
synovectomy to prevent recurrence (Jeffreys 1967; Murphy
and Siegel 1977), which has been reported to occur in
up to 15% of cases (Maurice et al. 1988; Davis et al. 1998).
Despite numerous reports and published cases, consensus still
has not been reached, although removal of obviously
diseased synovium along with loose bodies appears logical.
Of the cases reported in the equine literature, loose body
removal with local synovial resection was performed by Smith
et al. (1995). The remaining cases were managed
conservatively and were not progressive or causing lameness
(Kirk 1982; Newell and Roberts 1996). Recurrence following
removal has not yet been reported in the horse, and
considering the traumatic nature of synovectomy, local
removal of abnormal synovium only is recommended until
such time that evidence is produced to support more
widespread resection.
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Case Report

Injury of the origin of the gastrocnemius and superficial digital
flexor muscles in a Thoroughbred racehorse: An atypical
presentation of reciprocal apparatus failure
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Summary
Damage to the origin of the gastrocnemius and superficial
digital flexor muscles has been previously reported as an
acute injury in both foals and adult horses. This case report
describes, for the first time, the clinical onset of caudal
reciprocal apparatus failure in a 2-year-old Thoroughbred.
These signs were due to injury of the gastrocnemius and
superficial digital flexor muscle origins sustained prior to the
onset of lameness. This condition should be considered in
cases demonstrating similar clinical signs, even in the absence
of known trauma or acute injury to the region.

Introduction
Damage to the origin of the gastrocnemius and superficial
digital flexor (SDF) muscles has previously been reported as a
source of hindlimb lameness in the horse (Reeves and Trotter
1991; Shoemaker et al. 1991; Swor et al. 2001; Jesty et al. 2005;
Toppin and Lori 2006) and may carry a poor prognosis for future
athleticism (Jesty et al. 2005). However, one recent
study failed to identify any statistical difference between
Thoroughbred racehorses injured as foals and their maternal
siblings (Tull et al. 2009) and some horses injured as adults have
successfully returned to prior use (Swor et al. 2001). Injury to this
component of the reciprocal apparatus has been reported in 2
forms: acute lameness in foals following dystocia/manual
delivery (Jesty et al. 2005; Tull et al. 2009), or acute lameness
subsequent to trauma in adult horses (Lescun et al. 1998; Swor
et al. 2001).

Injury to the gastocnemius ordinarily occurs in the region of
the musculotendinous junction (Valdez et al. 1982), the tendon
of the gastrocnemius (Dyson and Kidd 1992), or the muscle
belly (Sprinkle et al. 1985) and appears to be more commonly
reported in foals than adults (Jesty et al. 2005). Damage to the
origin of the gastrocnemius at the supracondylar tuberosity
has, however, been reported in a small number of adult horses
of various breeds (Swor et al. 2001) as an acute injury and may
involve an avulsion fracture. The presentation in all cases is an
acute onset hindlimb lameness (Swor et al. 2001; Jesty et al.
2005) in which the individual may demonstrate classical signs
of partial failure of the reciprocal apparatus such as a
dropped, laterally rotated calcaneus, or a medially rotated

toe (Swor et al. 2001). Concurrent damage to the SDF muscle
and subsequent failure of the caudal component of the
reciprocal apparatus has also been reported as an acute
injury (Reeves and Trotter 1991; Toppin and Lori 2006).
Coexistent injury to the SDF and the gastrocnemius results in a
characteristic inability to bear weight on the hock (Lescun
et al. 1998; Toppin and Lori 2006) and cases often demonstrate
generalised ipsilateral muscle atrophy (Swor et al. 2001).

Radiography, scintigraphy and ultrasonography have
been used alone, or in combination, to identify acute
damage to the origin of the gastrocnemius and the SDF
muscle in both foals and adult horses (Swor et al. 2001; Tull
et al. 2009), although it may be possible to diagnose the
condition on clinical signs alone (Reeves and Trotter 1991).

However, to the authors’ knowledge, no case has been
reported in an adult horse where the presentation was
atypical: not involving recent trauma and not presenting with
muscle atrophy, dropped/rotated calcaneus, or acute onset
lameness, only subtle gait abnormalities. Although racing
performance of horses where this injury was sustained as a foal
have been previously reported (Tull et al. 2009), there are no
published accounts of an adult horse developing clinical signs
attributable to a chronic injury sustained earlier in life. This is an
important consideration as many horses will be purchased,
free from lameness, at public auction and such chronic,
pre-existing, potentially career ending lesions may not be
apparent on standard prepurchase radiographs (Swor et al.
2001).

In this case report, we describe the atypical case
presentation and combined imaging approach using
scintigraphy, radiography and ultrasonography in a 2-year-old
Thoroughbred racehorse with concurrent chronic avulsion
fracture of the origin of the gastrocnemius muscle and
damage to the origin of the SDF.

Case details

History and clinical signs
A 2-year-old Thoroughbred colt initially presented following
high speed gallop exercise. The horse had been purchased at
public auction as a yearling 6 months previously and had
never shown any lameness or gait deficit. The trainer had
observed that the colt ‘knuckled over’ on his left hind pastern
when walking after training. He had reportedly shown these
signs following the previous high speed gallop 10 days earlier
but his gait had returned to normal within an hour on that
occasion.

Addendum: Eighteen months after this report was first submitted to
Equine Veterinary Education, the colt returned to race training, under a
different trainer, and has made one successful race start to date.
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On examination, the colt was observed to consistently
dorsally subluxate the left hind proximal interphalangeal joint
(PIPJ) when pushing off from the stance phase of stride. There
was an audible ‘pop’ when the joint subluxated. The colt also
landed with his heel raised, slowly placing the heel on the
ground immediately before pushing off into the stride phase.
The colt was sound at a trot in hand but, due to the sudden
onset gait deficit, radiographs were obtained of the lower limb
using standard methods (Butler et al. 2000). Radiographs of the
foot, pastern and fetlock were unremarkable. No muscle
atrophy, pain, swelling, or other localising signs were evident.
The colt was treated with phenylbutazone (4.4 mg/kg bwt i.v.)
and placed in a stall. The following day the colt walked
normally and resumed full training within 48 h without incident.
Ten days later, however, following his next high speed gallop,
the colt presented as before. The colt exhibited the same
degree of PIPJ subluxation at a walk as previously but a
subtle left hindlimb lameness was evident at a trot on this
occasion. Perineural analgesia to the level of the tibial
and peroneal nerves and intra-articular analgesia of all 3
stifle compartments, failed to abolish the lameness. Using
radiography, the upper limb was investigated as a possible
source of abnormal gait. The tarsus, tibia and stifle were
radiographed using standard technique (Butler et al. 2000) but
were unremarkable. Given the value of this horse, inability to
localise the lesion using radiography and clinical examination
and apparent recurrence and progression of signs, the
following diagnostics were undertaken in chronological order.

Scintigraphy
Within 5 min and then 2 h after injection of 7 MBq/kg bwt i.v. of
Tc99m-methylenediphosphonate (MDP), standard views of the
left and right hindlimb were taken with a low energy, general
purpose collimator and a 500 × 700 mm rectangular field of
view gamma camera1 using a previously described technique
(Dyson et al. 2003). The proximal suspensory ligament was
imaged in the soft tissue phase and was unremarkable, but the
pool (bone) phase images showed a mild diffuse uptake in the
soft tissues near the caudodistal femur in the left hindlimb
(Fig 1). This finding was subtle and only visible on the lateral
projection. Region of interest (ROI) analysis confirmed this area
of increased radiopharmaceutical uptake, but there was no
area of increased uptake on the adjacent bone of the caudal
femur.

Radiography
Radiographic views intended to highlight the distocaudal
aspect of the femur were obtained. Standing lateromedial,
flexed lateromedial and caudomedial-craniolateral oblique
projections of the distal femur were taken. Standing
lateromedial (Fig 2) and flexed lateromedial views
demonstrated new bone production on the caudal cortex of
the femur, in addition to sclerosis and bone roughening with
areas of lytic change in the region of the supracondylar
tuberosity. A diffuse radiodense area (mineralisation or bone
fragment) was evident within the caudal soft tissue structures,
as was a lucent area within the supracondylar fossa. The
periphery of the fossa demonstrated bone densification. The
caudomedial-craniolateral oblique projection identified an
apparent fragment from the lateral supracondylar tuberosity
(Fig 3).

Ultrasonography
Ultrasonography of the caudal thigh musculature was
undertaken with a 3.5 MHz curved array transducer (Logiq-E)1.
A wide hyperechogenic structure compatible with a
displaced bone fragment was identified in the region of the
lateral supracondylar tuberosity (Fig 4). There was evidence of
muscle fibre disruption involving the muscle originating from
this fragment in addition to scar tissue within the muscle. It was
not possible to evaluate the parent bone of the femur cranial
to the fragment because of acoustic shadowing.

These findings were indicative of a chronic insertional injury
or avulsion of the lateral head of the gastrocnemius muscle
from its origin on the lateral supracondylar tuberosity of the
femur. A disrupted fibre pattern with scar tissue was also
evident in the superficial digital flexor muscle originating from
the supracondylar fossa, suggestive of insertional injury to that
structure. To aid interpretation of this rarely imaged location,

a) b)

Fig 1: a) Right femur demonstrating no abnormalities. b) Left femur
demonstrating mild diffuse uptake in the caudodistal femur
(arrowheads) and diffuse uptake within the soft tissues (arrow).

Fig 2: Lateromedial radiograph of the left femur demonstrating
irregular new bone production in the region of the lateral
supracondylar tuberosity (arrowheads), mineralisation or avulsion
fragment within the soft tissue (white arrow) and clearly defined
lucency within the supracondylar fossa (black arrow).
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the line drawing (Fig 5) illustrates the location of the origins of
these muscles on the caudal femur.

Treatment and follow-up
As the injury appeared to be chronic, the authors attempted
to uncover any previous history related to lameness in this colt.
The colt had been sold as a weanling and, again, as a yearling
at public auction with no soundness issues or abnormal
examination findings. Examination of the foaling records,
however, revealed this colt had required manual intervention
during foaling due to dystocia. Farm records also indicated
the horse had struggled to stand on his left hindlimb for the first
week of life, but then steadily improved and was sound by one
month of age. No lameness diagnostics had been undertaken
as a foal.

The colt was placed on stall rest for 2 months, prior to
re-examination with ultrasound. The ultrasonographic
appearance was subjectively similar to the previous
examination and offered no additional prognostic
information. The colt completed 2 months of walking-in-hand
prior to undergoing 2 months of paddock turnout. The colt
resumed race training after a total of 6 months. He remained
sound and showed no signs of injury until Day 62 of training, at
which point he developed an acute left hindlimb lameness
(grade 3/5 [AAEP scale: Swanson 1984]) which was not
abolished with perineural anaesthesia of the tibal and
peroneal nerves, or intra-articular anaesthesia of all 3
compartments of the stifle joint. Ultrasonographic examination
of the caudal thigh revealed increased anechoic fluid

surrounding the avulsion fracture and subjectively increased
muscle fibre damage involving the lateral head of the
gastrocnemius muscle. Given the recurrence of signs
attributable to the avulsion fracture, the colt was retired from
race training.

Discussion
Injury to the caudal component of the reciprocal apparatus
has been documented in 2 situations: as an acute injury during
foaling (Jesty et al. 2005; Tull et al. 2009) or as an acute injury as
an adult subsequent to trauma (Reeves and Trotter 1991;
Toppin and Lori 2006), but in both aetiopathogeneses the injury
results in acute onset, severe, characteristic clinical signs. The
current case is, to the authors’ knowledge, the first report of a
previously sound horse developing lameness as a result of a
pre-existing injury to the reciprocal apparatus. While one
previous report (Tull et al. 2009) objectively evaluated the
racing performance of Thoroughbreds injured as foals, the
wastage actually attributable to the injury was unknown, as
chronological case histories were unavailable. It is probable
that some of the foals from that study became lame during
training as a consequence of their injury, but the current report
is the first to document the development of such clinical signs
in a horse with a lesion which, we surmise, was sustained as
a foal.

Fig 3: Caudomedial-craniolateral oblique projection of the left
femur demonstrating a fragment consistent with an avulsion from
the lateral supracondylar tuberosity (arrow), in addition to a
discrete lucency bordered by sclerotic bone in the region of the
supracondylar fossa (arrowheads).
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Fig 4: a) Longitudinal ultrasonograph of the caudal thigh
musculature demonstrating the damaged lateral origin of the
gastrocnemius muscle (short arrow) and a wide hyperechoic
structure compatible with an avulsion of the lateral supracondylar
tuberosity (arrowhead). For reference, the caudal aspect of the
lateral epicondyle is highlighted (long arrow). b) Transverse
ultrasonograph at the same level. There is a large hyperechoic
structure compatible with an avulsion fragment (short arrow) and
roughening of the caudal femoral cortex (long arrow).
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The scintigraphic findings suggested a chronic disease
process in this case, leading us to believe the injury was
sustained prior to the purchase of this horse as a yearling.

Scintigraphy is a sensitive, although nonspecific, modality
for localising the site of lameness (Devous and Twardock 1984)
and has proven useful in similar cases previously (Swor et al.
2001). It is interesting, however, that the classical ‘hot spot’
present in the caudodistal femur in most of the cases of
damage to the origin of the gastrocnemius and SDF (Swor
et al. 2001) was absent in the current case. Scintigraphy
demonstrated a subtle, diffuse IRU more consistent with a
chronic injury. This finding led the authors to conclude that the
avulsion fracture itself was most likely old. As in previous studies
scintigraphy was necessary to localise the source of the
abnormal gait in this horse.

The documented foaling history is characteristic for injury to
the gastrocnemius and superficial digital flexor (Jesty et al.
2005), and it is therefore probable that the injury was incurred
at a very young age, although this theory cannot be proven.

Ultrasonography was used to positively identify the fracture
as an avulsion. We did not find ultrasound to be useful for
objectively evaluating healing but it was subjectively useful for
identifying the ultimate deterioration in muscle fibres when
the colt became lame upon return to training. This is an
agreement with another case study which demonstrated
89% of foals diagnosed with gastrocnemius disruption had
ultrasonographic evidence of muscle damage (Tull et al.
2009). The ultrasonographic technique was relatively easy to
perform in this case because of the large size of the avulsion
fragment.

More information was obtained from nonstandard
radiographic views than from ultrasound. This is in agreement
with previous recommendations that ultrasound is unnecessary

for accurate diagnosis of this injury (Toppin and Lori 2006). The
specific location of the fragment and associated bone
changes on the caudolateral aspect of the distal femur were
pathognomonic for an avulsion of the lateral head of the
gastrocnemius muscle. The radiographic changes involving
the supracondylar fossa and the periphery of the fossa, were
indicative of a concurrent insertional injury of the SDF.

It has been reported that this injury arises as a result of
extension of the stifle while the hock is maintained in flexion: as
could occur in a fall (Swor et al. 2001) or dystocia (Jesty et al.
2005). One author (J.M. Denoix, personal communication)
has seen one other case where an extended stifle, sickle
hock conformation was responsible for damage to these
structures. There are no documented explanations for the
unusual gait deficit seen in this case of chronic damage to
the gastrocnemius and SDF. The authors consider that the
biomechanics of dorsal subluxation of the PIPJ in this case are
similar to those previously reported by Shiroma et al. (1989). It is
believed that decreased loading of the SDF muscle (from pain
or injury) results in an increased load on the deep digital flexor
tendon (DDFT) to provide stabilisation to the tarsus and fetlock.
This increased tension on the DDFT pulls the second phalynx in
a plantar direction relative to the PIPJ and is the proposed
reason for the dorsal PIPJ subluxation and toe-first landing. We
believe that the signs in the current case were attributable to
damage at the origin of the SDFT and gastrocnemius muscles
because they were unilateral and arose after maximal
exertion exercise. In contrast, the cases reported by Shiroma
et al. were all bilateral, and arose in young, untrained, horses
with straight stifle conformation and were a manifestation of
developmental orthopaedic disease and not injury.

The authors consider that the severe clinical signs
previously documented for acute caudal reciprocal
apparatus failure (dropped and laterally rotated hock) were
absent in the current case due to the chronic nature of the
injury.

The authors believe that there are 2 possible explanations
for decreased load on the SDF muscle and subsequent
intermittent dorsal subluxation of the PIPJ following speed
training in this colt. The first is that pain, originating from the
injured origin of the SDF, leads to decreased loading of the SDF
and increased load on the DDFT.

The second theory is biomechanically similar but is related
to fatigue of the damaged reciprocal apparatus rather than
pain. With training, the muscle fibres fatigue and the
damaged gastrocnemius/SDF unit fails, leading to increased
tension on the DDFT.

As the signs first arose after speed work, it is not possible to
know if the dorsal PIPJ subluxation was a manifestation of pain
or a fatigue-failure of the reciprocal apparatus.

Of the few reported cases of damage to the origin of the
gastrocnemius muscle, only one (Swor et al. 2001) involved
another adult Thoroughbred, which returned to training
following an extended period of time off. Of 28 foals examined
in one study (Tull et al. 2009), 82% were reported to race, but
there was a range of severity with only one case
demonstrating an avulsion, therefore extrapolation of results
from that study may be inaccurate. Because of the rare nature
of this diagnosis, large case studies are lacking and the
ultimate effect of such injuries has not yet been elucidated. As
in the current case, it has been reported that adult horses
suffering from acute disruption of the caudal reciprocal
apparatus may demonstrate lameness even after an
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2b

2c
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5
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Fig 5: Anatomy of the proximal part of the gastrocnemius and
superficial digital flexor muscles. 1 = Femur. 2a = Origin of the
superficial digital flexor (SDF) muscle in the supracondylar fossa.
2b = Superficial digital flexor body (mainly fibrous). 2c = Superficial
digital flexor distal tendon. 3a = Origin of the lateral head of the
gastrocnemius muscle on the lateral supracondylar tuberosity.
3b = Body of the gastrocnemius formed from medial and
lateral heads. 3c = Distal tendon of the gastrocnemius. 4 = Tibia.
5 = Insertion of lateral collateral ligament of the femorotibial joint.
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extended period of time off (Shoemaker et al. 1991; Toppin
and Lori 2006).

It may be that the prognosis is based on many factors
including the size of the fracture, extent of muscle fibre
damage and duration of injury in relation to training. It has
been estimated that the muscle requires around 12 weeks to
heal following an acute injury (Shoemaker et al. 1991). The
horse in this study received 6 months without training to
recover but progressed to lameness upon resumption of
training. It is unclear if the period of rest had any effect on the
biomechanics of this injury. It is possible that the fibrous union or
scar tissue which develops in these cases is of insufficient
strength to withstand the rigours of race training, regardless of
how much time is given to recuperate.

One significant issue highlighted by this report is that case
signalment is largely lost when horses are sold at public
auction. Purchasers rely on the examination of a veterinarian
to purchase horses they deem to be free from injuries which
could have a material and chronic effect on a horse’s racing
ability. Such examination routinely places great weight on
the physical examination and interpretation of repository
radiographs. As previously documented, however, standard
stifle radiographs failed to demonstrate the pathology in this
case (Swor et al. 2001). Signs of acute, severe lameness,
characteristic gait, or muscle loss were also absent in this case
at the time of purchase. This colt was, therefore, purchased
without the knowledge of this pre-existing injury. Nonstandard
radiographic projections are necessary to evaluate this injury
but it may not be practical or safe to undertake these views in
a public sales environment. Such views should, however, be
obtained if damage to the caudal component of the
reciprocal apparatus is suspected based on clinical signs such
as a subtle gait deficit.

In this case, a nonweightbearing flexed lateromedial
projection with the cassette placed as far proximal as possible,
clearly demonstrated the bone pathology. A 45o

caudomedial-craniolateral oblique effectively skylined the
supracondylar process and highlighted the avulsion
component of this injury. The authors recommend these
additional nonstandard views to confirm this diagnosis in
suspected cases.

This case highlights the subtle, atypical clinical signs which
can arise from chronic damage to the gastrocnemius and SDF
muscles and demonstrates the combination of diagnostic
modalities required to diagnose this condition which may be
overlooked on a prepurchase examination due to lack of
evidence, but which can be career threatening. A combined
imaging approach including nonstandard radiographic views,
may be necessary for accurate diagnosis of this condition.
Damage to the caudal component of the reciprocal
apparatus should be considered in any horse showing subtle
abnormal flexion or extension of the joints of the hindlimb,
even if there is no known history of dystocia, trauma or acute
lameness.
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Clinical Commentary

High speed and the function of the gastrocnemius and superficial
digital flexor muscles
J. Kramer
Veterinary Medicine and Surgery, University of Missouri, Columbia, USA.
Corresponding author email: kramerjo@missouri.edu

A horse galloping at high speed tests the mechanical and
physiological limits of the equine musculoskeletal system. After
high speed exercise, lameness can be present that is not
apparent under other working conditions. In the horse
described by McLellan and Denoix (2014) in this issue, injury to
the origin of the gastrocnemius and superficial digital flexor
muscles was sustained as a foal during dystocia. At 30 days,
the foal was sound. Lameness was not evident again until the
horse was aged 2 years and was apparent only as an
intermittent atypical lameness after high speed training.

In a gallop, the horse’s hindlimbs are responsible for
propelling the body forward and upward. The hindlimbs must
also be able to brace the body from collapsing on impact and
tuck up compactly during the swing and suspension phases of
the stride.

During the stance phase, galloping horses use the
gastrocnemius and superficial digital flexor muscles to stabilise
the hock and keep the limb from collapsing during the loading
part of the stance phase. During the push off part of the
stance phase concentric contraction of the gastrocnemius
extends the tarsus (Fig 1).

During the swing phase, the primarily fibrous superficial
digital flexor muscle contributes to the reciprocal apparatus
function of coupling hock and stifle flexion. When the stifle is
flexed during swing, the peroneus tertius is pulled proximally,
causing hock flexion. Flexing the hock causes a dropping of
the calcaneus, which tenses the superficial digital flexor
tendon and causes flexion of the distal limb due to its distal
attachments (Fig 2). With the superficial digital flexor’s
involvement in the reciprocal apparatus, minimal muscular
effort is needed to flex the limb from the stifle distally. This is
important because flexion of the limb helps reduce the energy
spent accelerating and decelerating the limb during swing by
lowering its moment of inertia (Hildebrand 1960).

Complete or near complete rupture of the gastrocnemius
results in severe lameness, hyperflexion of the tarsus, dropping
of the calcaneus and the ability to flex the hock with the stifle
in extension (Reeves and Trotter 1991; Shoemaker et al. 1991).
Less severe injuries are not commonly reported but as
expected have shown less dramatic clinical signs (Swor et al.
2001).

Study of the gastrocnemius muscle at a walk and trot
suggests that it (along with the cranial tibialis muscle) may
centre the force of load through the long axis of the tibia
during the stance phase (Wentink 1978a,b). This is supported
by a report of 4 horses with injury to the origin of the
gastrocnemius, having a gait abnormality at a walk
characterised by lateral rotation of the calcaneus and medial
rotation of the toe (Swor et al. 2001).

The case of gastrocnemius and superficial digital flexor
muscle injury reported in this issue by McLellan and Denoix

(2014) is unique not only in its delayed presentation, but also in
the atypical gait abnormality observed. In this horse, dorsal
subluxation of the pastern and toe first landing at a walk was
noted temporarily after high speed work (Fig 3).

Joints stay aligned because of anatomical constraints
limiting their movement and a balance of forces favouring
alignment (in this case a balance of forces favouring dorsal
subluxation with forces favouring plantar subluxation).
Anatomical restraints to dorsal subluxation of the pastern
include the dorsal joint capsule, the long digital extensor
tendon, the extensor branches of the suspensory ligament, the
tension of the superficial digital flexor tendon on the distal
aspect of proximal phalanx and proximal aspect of middle
phalanx, the straight distal sesamoidean ligament and the ‘fit’
of the distal condyle of the proximal phalanx against the
middle phalanx.

Dorsal subluxation has been associated with deep digital
flexor tendon contracture (Shiroma et al. 1989), upright
hindlimb conformation (Nixon 2012) and pain, suggesting that
an increase in deep digital flexor tendon contracture relative
to superficial digital flexor tendon contracture may be an
important contributing factor when the supporting anatomical
structures are intact. With a pre-existing injury to the origin of
the gastrocnemius and superficial digital flexor muscles, a
case can be made for earlier fatigue of these structures
relative to the deep digital flexor muscle resulting in a toe first
landing with the pastern slightly dorsally luxated, then luxating
further as the heel contacted the ground, and then finally
reducing as the body advanced over the limb extending the
hock and straightening the digit.

In humans, injuries to the proximal region and origin of
muscles do not appear to be as common as mid body injuries
or injuries at the distal myotendinous junction (Garrett 1996;
Jarvinen et al. 2007). Proximal gastrocnemius and superficial
digital flexor muscle injuries are reported in horses but are not
common (Reeves and Trotter 1991; Shoemaker et al. 1991;
Lescun et al. 1998; Swor et al. 2001; Jesty et al. 2005; Tull et al.
2009). In mature horses, these injuries are typically severe and
have evidence of reciprocal apparatus dysfunction and
marked lameness at a walk. Less severe injury has also been
reported. In foals, proximal gastrocnemius injuries have been
associated with hip lock dystocia or early post partum events.

In man, rupture of the medial head of the gastrocnemius
known as ‘tennis leg’ is a relatively common muscle injury and
usually occurs at the distal myotendinous junction (Cheng
et al.). Most injuries are treated conservatively but indications
for surgery include severe rupture, large intramuscular
haematoma, and evidence of chronic pain and contracture
(Jarvinen et al. 2007; Cheng et al. 2012).

In canine and feline proximal gastrocnemius injuries,
surgical reattachment of the gastrocnemius has been
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reported. The surgical technique uses wire or monofilament
leader fixation through a bone tunnel in the supracondylar
tuberosity and incorporation of the fabella within the tendon
of origin into the repair (Ridge and Owen 2005; Bali 2011;
Pratesi et al. 2012). Most repairs also incorporate methods to
limit hock and or stifle flexion during the healing period. In
horses, surgical repair has not been attempted due to size and
the lack of fabella. Treatment with modified splints and sleeve
casts has been used in foals and younger horses (Lescun et al.
1998; Jesty et al. 2005; Tull et al. 2009).

Follow-up monitoring of healing of the torn muscle fibres is
limited and assessment of the degree of healing is based
primarily on improvement in clinical signs. Ultrasound has been
used in the diagnosis of gastrocnemius and other equine
hindlimb muscle injuries but limited information is available in its
use to assess the extent of healing (Shoemaker et al. 1991;
Lescun et al. 1998; Jesty et al. 2005; Tull et al. 2009; Walmsley
et al. 2010). In man, magnetic resonance imaging has been
recommended over ultrasound to characterise the nature of
gastrocnemius healing in greater depth (Cheng et al. 2012).

The horse in this case appeared to suffer a combination of
proximal muscle tearing and avulsion fracture that healed with
a fibrous union. When torn muscle fibres heal, the end result is
a central scar adhered to torn muscle fibres on each side of
the injury (Jarvinen et al. 2005, 2007). For effective healing, the
scar needs to withstand muscle contraction forces without
re-rupture of the muscle ends, and also be small or elastic
enough not to cause gait restriction. Presumably, the smaller
the scar and the fewer muscle fibres involved in the original
injury the better chance full function of the muscle will recover.

The degree of healing needed for full function varies based
on the muscle injured and the activity required. Due to safety
engineering, the musculoskeletal system is functioning
significantly below its capacity in most situations and return to
its original capacity is often not necessary for return to full
function at various activities. Laceration and strain injuries to
some muscles such as the pectoral or gluteal muscles can be
extensive and full function appears to return after second
intention healing. Many of the laceration injuries are mid body
in the musculature, or in locations that have several other
muscles performing the same or similar functions. Given these
considerations, gastrocnemius muscle injuries may be less
forgiving than other muscle injuries for return to full function
after healing.

Some reports of injuries to the proximal gastrocnemius
region in foals have documented a return to racing while
others suggest a guarded prognosis for future soundness (Jesty
et al. 2005; Tull et al. 2009). The degree of injury (including the
presence of an avulsion fragment) and the type of healing
although difficult to evaluate, likely affect prognosis.

Although it is clear that some foals with injury to the origin
and proximal region of the gastrocnemius muscle can go on
to perform as racehorses, findings in the horse described by
McLellan and Denoix (2014), suggest that a large percentage
of the gastrocnemius and superficial digital flexor muscles must
be functional at high speed and that reinjury or lack of full

Fig 1: Left hind towards the end of
stance phase in a gallop. Note the
gastrocnemius muscle’s role in
stabilising the tarsus from collapse
during impact (a) and extending
the tarsus during push off (b).

Fig 2: Left hindlimb during swing phase in a gallop. Note the
superficial digital flexor‘s role in the reciprocal apparatus allowing
flexion of the limb distal to the stifle with minimal energy
expenditure.

Fig 3: Schematic view of dorsal subluxation of the proximal
interphalangeal joint.
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Case Report

Osteosarcoma in the proximal humerus of a mare
E. Koch*, L. Pack, L. A. Zwicker, C. Lopez-Mendez and E. M. Aburto
Atlantic Veterinary College, Charlottetown, Prince Edward Island, Canada.
*Corresponding author email: ekoch@upei.ca
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Summary
A 15-year-old Quarter Horse mare was examined for
significant and progressive lameness in the right front limb. On
physical examination, muscle atrophy over the scapular and
pectoral regions were noted. A pain response was elicited on
palpation of the scapulohumeral joint. No other abnormalities
were noted on examination of the limb. Diagnostic nerve
blocks ruled out a source of lameness in the distal limb.
Arthrocentesis of the scapulohumeral joint was performed
and results were within normal limits. Radiographs of the right
scapulohumeral joint revealed an extensive, aggressive
bone lesion in the proximal humerus, suspected to be
an osteosarcoma. After a course of nonsteroidal anti-
inflammatory therapy, minimal improvement to the lameness
was noted. The owner elected to subject the horse to
euthanasia due to the lack of significant response to treatment.
Post mortem radiographic and histological examinations
determined a definitive diagnosis of an osteosarcoma in the
proximal humerus.

Introduction
Osteosarcomas are the most commonly reported primary
bone tumours in dogs (80%), cats (70%) and humans
(Heldmann et al. 2000; Withrow and Vail 2007). These tumours
arise from mesenchymal cells that show atypical features and
have the ability to synthesise osteoid matrix (Mueller et al.
2007). Osteosarcomas are typically very aggressive, causing
significant local tissue destruction. Bone lysis, production
or both can occur concurrently. There are multiple
subclassifications of osteosarcomas depending on the
extracellular matrix produced and the characteristics of the
cells: osteoblastic, chondroblastic, fibroblastic, poorly
differentiated and telangiectatic osteosarcomas (Withrow
and Vail 2007). The metaphyseal portions of long bones are
most commonly affected (Withrow and Vail 2007).

In the appendicular skeleton of man, the most common
tumour locations are in the distal femur (45%), proximal tibia
(15%) and proximal humerus (10%) (Mueller et al. 2007). These
tumours most commonly affect children and young adults
from 10 to 30 years of age. In man, metastases are most often
found in the lung and bone (Link et al. 1986). The aetiology of
osteosarcomas in man is unknown but genetic predisposition,
chemical agents, irradiation, electrical burns and trauma are
all thought to be contributing factors to the pathogenesis
(Fuchs and Pritchard 2002).

In dogs, the front limbs are affected twice as often as the
hindlimbs, with the distal metaphyseal region of the radius
(35%) and proximal humerus (18%) being the 2 most common
locations for osteosarcomas (Knecht and Priester 1978; Vanel
et al. 2012). Ages of affected dogs range from middle age to
older, with the median age being 7 years (Misdorp and Hart

1979). Large and giant breeds have been found to be a risk
factor in dogs that develop osteosarcomas (Ru et al. 1998).
The pulmonary parenchyma is the most common metastatic
site in this species (Misdorp and Hart 1979). Oral osteosarcomas
have a lower rate of metastasis than those in appendicular
locations. The aetiology, as in man, is unknown. Possible risk
factors are ionising radiation, multiple minor trauma, metallic
implants and genetic alterations (Mueller et al. 2007).

In cats, the hindlimbs are most commonly affected, with
the metaphyseal region of the distal femur, proximal humerus
and tibia being common locations (Heldmann et al. 2000;
Vanel et al. 2012). Middle to older age cats are affected, with
the mean being 10-years-old (Liu et al. 1974). Metastases have
been reported later in the disease process and at a lower rate
than in dogs. Therefore, it has been speculated that feline
osteosarcomas are less aggressive than in dogs (Heldmann
et al. 2000). Extra skeletal osteosarcomas are rare, but have
been reported in man, dogs and cats.

Osteosarcomas are rarely reported in the horse
(Cillan-Garcia et al. 2010). In contrast to human and small
animal reports, equine osteosarcomas have been reported
more frequently in the head than in the appendicular skeleton
(Livesey and Wilkie 1986). This case report describes the
clinical, radiographic, macroscopic and histological findings
of an osteosarcoma in the proximal humerus of a horse.

Case history
A 15-year-old Quarter Horse mare was presented to the
Ambulatory Equine Service at the Atlantic Veterinary College
with a history of lameness in the right front limb. The lameness
had been progressively worsening over a period of 6 months.
No medication had been administered prior to the first
examination.

Clinical findings
On physical examination, the horse had moderate muscle
atrophy of the right supra- and infraspinatus muscles, as well as
the right descending pectoral muscles. On palpation of the
scapulohumeral joint, a pain response was elicited upon deep
palpation. When standing, the mare exhibited treading, by
continually shifting weight back and forth on both front limbs.
She resented the left front limb being lifted, at which point
significant weight was shifted to the right front limb during
elevation of the contralateral limb. At the walk, on soft footing,
the mare was noted to be a grade 4 out of 5 lame on the right
front limb, on the American Association of Equine Practitioners
lameness scale. It was also noted that the stride had a
significantly shortened cranial phase and the foot landed toe
first. All other physical examination parameters were within
normal limits.
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Distal limb perineural analgesia was performed proximally
through the medial and ulnar nerve blocks just distal to the
elbow, but did not alleviate the lameness. Due to these
findings and the pain response elicited on palpation of the
shoulder, arthrocentesis and a joint block were performed on
the scapulohumeral joint. The joint block improved the
lameness by only 50%.

A sample of the joint fluid was analysed and submitted for
culture and cytology. The nucleated cell count was 0.36 x 109/l
and total protein was <20 g/l (within normal laboratory limits),
although the viscosity of the fluid was noted to be decreased
subjectively. No microorganisms were noted and neutrophils
were nondegenerate.

A lateral radiograph of the right scapulohumeral joint
showed areas of moderate bone lysis in the proximal humeral
metaphysis (Fig 1). A small amount of spiculated periosteal
new bone production was present along the caudal cortex of
the proximal humerus. There was no evidence of soft tissue
enlargement surrounding the right scapulohumeral joint. These
findings were consistent with a monostotic aggressive bone
lesion, as radiographic changes were confined to the proximal
humerus.

A complete blood count and biochemistry were
performed on the horse due to the concern of a neoplastic
process from the results of the radiographic examination. The
results revealed a mild elevation in creatinine 152 μmol/l
(reference range 78–143 μmol/l), a mild anaemia RBC 6.29 x
109/l (reference range 6.5–12.5), mild low haemoglobin 107 g/l
(reference range 110–190) and mildly low haematocrit 0.30 l/l
(reference range 0.32–0.52). All other blood parameters,
including plasma electrolytes, were within normal limits.

Diagnosis
Based on the physical examination, radiographic findings and
clinical history of the horse, a tentative diagnosis of an
osteosarcoma was made. Other differential diagnoses for
these findings included chondrosarcoma, fibrosarcoma and

haemangiosarcoma. Bacterial or fungal osteomyelitis was
considered less likely, given the results of the arthrocentesis.

Treatment
Due to the significant grade of lameness exhibited by the
horse, a course of oral and topical nonsteroidal anti-
inflammatory therapy was instituted. Serial acupuncture
treatments were also performed. Initially, the horse was
administered oral phenylbutazone powder (Pheylbutazone
powder)1 (4.4 mg/kg bwt per os b.i.d.) for 5 days. The dose
was then decreased to oral phenylbutazone powder
(Pheylbutazone Powder)1 (2.2 mg/kg bwt per os b.i.d.) for 5
days. A 2 cm strip of diclofenac gel off label (Voltaren
1% Emugel)2 was massaged into the affected shoulder
region. Mild improvement to the comfort of the horse was
noted, although the lameness grade did not change.
Phenylbutazone therapy was discontinued due to concerns
regarding potential renal and gastrointestinal side effects.
Firocoxib off-label (Previcox)3 (0.1 mg/kg bwt per os s.i.d.) was
substituted due to the selective inhibition of cyclooxygenase 2,
and potential reduced risk of side effects with long-term use
of nonselective nonsteroidal anti-inflammatory medications.
Minimal improvement to the lameness was noted during this
treatment period. On clinical examination, during the course
of nonsteroidal anti-inflammatory therapy and acupuncture
treatments, the horse maintained a bright attitude, good body
condition, good appetite and no weight loss was detected.

Approximately 3 months after the initial diagnosis, the owner
elected to subject the horse to euthanasia due to the poor
prognosis, concern for a pathological fracture and the lack
of significant positive response to the nonsteroidal anti-
inflammatory drugs and acupuncture therapy.

Outcome

Post mortem radiographic findings
Radiographs of the scapulohumeral joint were obtained post
mortem (74 days after antemortem radiographs were
obtained) with the limb removed from the thorax to better
characterise the previously noted aggressive bone lesion in
the proximal right humerus (Fig 2). The radiographic findings
showed increased amorphous periosteal reaction at the
caudoproximal aspect of the humerus compared with the
antemortem radiographs. This may have been due to
improved positioning facilitated by limb removal or disease
progression. The previously noted bone lysis in the proximal
humeral metaphysis was more pronounced. Gas lucencies
were noted in the soft tissues and vasculature, secondary to
post mortem changes.

Post mortem gross and histological findings
There was moderate muscle atrophy of the right supra-,
infraspinatus and pectoral muscles. The proximal metaphysis of
the right humerus contained a 5 x 3 cm, unencapsulated,
infiltrative, white, hard mass, partially effacing the bone
marrow and cortical bone (Fig 3). The mass extended
outwardly to the surrounding muscles. The scapulohumeral
capsular joint had several irregularly thickened areas.
Histological sections of the proximal right humerus and
surrounding soft tissues revealed an infiltrative, densely cellular
neoplasm composed of spindle shaped, plump and polygonal
cells arranged in broad sheets and interlacing streams

Fig 1: Lateral radiograph of the right scapulohumeral joint
antemortem. Lysis of the proximal humeral metaphysis (large
arrows) and periosteal new bone production along the caudal
cortex of the humerus (small arrow) are visualised.
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supported by a delicate fibrovascular stroma. Multifocally,
there were spicules, strands and small islands of bright
eosinophilic, often mineralised, osteoid matrix (Fig 4).
Neoplastic cells had variably distinct cell borders, pale
eosinophilic cytoplasm and mild to moderate anisocytosis and
anisokaryosis. Their nuclei were oval to elongated with
coarsely stippled chromatin and small basophilic to
unapparent nucleoli. The mitotic rate was low with 9, often
atypical, mitotic figures, counted in 10 randomly selected high
power (40x) fields. Scattered areas of chondroid differentiation
and extensive areas of necrosis were also present. No
evidence of metastasis was observed.

Discussion
Reports of equine osteosarcomas in the literature are rare. In
review of the pathology reports at the Atlantic Veterinary
College since 1988, there were no cases of osteosarcomas
reported in the horse. Due to the low reported cases in the
literature, it is difficult to speculate on particular predilection
sites. However, the mandible of young horses has previously
been reported as the most common location of equine
osteosarcomas (Bush et al. 2007). Bush et al. (2007) reported a
series of 8 cases in which 3 tumour locations were in the
mandible and 2 in the maxillary region. Livesey and Wilkie
(1986) also reported 2 cases of osteosarcomas, one of which
was in the mandible and one in the maxilla. Table 1 comprises
equine mandibular and maxillary osteosarcoma cases
reported in the literature and compares the signalment,
treatment, outcome of the cases and whether metastases
were noted on post mortem examination. From the low
number of cases, no speculations can be made on the
prevalence of age, breed or sex of affected horses. There
have been a number of osteosarcomas reported in the horse

in locations other than the mandible and maxilla. Table 2 lists
cases reported in the literature where equine osteosarcoma
tumours have affected bones of the appendicular skeleton
and other locations excluding the mandible and maxilla. The
table compares the signalment, location of the tumour,
treatment, outcome of the case, whether or not the tumour
crossed a joint space if involved and rate of metastasis.
Currently, equine osteosarcomas are not known to have a

Fig 2: Lateral radiograph of the right scapulohumeral joint post
mortem, with limb removed. Humeral metaphyseal lysis is more
apparent (large arrow) and greater periosteal new bone
production is demonstrated (small arrows). Air is seen in the
vasculature post mortem (arrowhead).

e
*

t

2 cm

Fig 3: Longitudinal section of the proximal right humerus. Note
multiple confluent white nodules of neoplastic tissue (t) partially
effacing the bone marrow and cortical bone. The mass extends
outwardly to the soft tissues adjacent to the proximal metaphysis
(e). Large areas of necrosis (*) are also present.

*

*

100 mm

*

Fig 4: Photomicrograph of the osteosarcoma. The tumour is
primarily composed of dense sheets of plump to polyhedral cells
often separated by, or embedded within, spicules of osteoid matrix
(stars) which is often mineralised (arrow) (H&E x200).
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predilection for long bones as in man, dogs, and cats. Other
potential appendicular skeletal osteosarcomas may not have
been reported to date due to the difficulty and cost
associated with obtaining a definitive diagnosis.

Radiographs are the main imaging modality used in
veterinary medicine to characterise the primary tumour. Other
diagnostic imaging modalities such as magnetic resonance
imaging (MRI), computed tomography (CT) and nuclear
scintigraphy are frequently implemented in human
osteosarcoma diagnosis. Magnetic resonance imaging aids in
the assessment of surrounding soft tissues affected by the
osteosarcoma. Computed tomography images are useful in

the evaluation and extent of bone destruction of the primary
tumour. Examination for metastases can frequently be
performed by nuclear scintigraphy. The need for anaesthesia
and cost of these procedures can often prohibit their use in
veterinary medicine (Vanel et al. 2012). In this case report,
radiographs were taken post mortem of the proximal humerus
to depict the radiographic characteristics of the bone
affected by the tumour. We realise these exact views are not
possible antemortem, but they do add to the depth of
knowledge of the radiographic appearance of the affected
bone and radiographic course of the disease in equines. In
these views, explicit detail of the bone destruction by the

TABLE 1: Comparison of equine osteosarcomas located in the mandible/maxilla

Author/year Signalment Location Treatment/outcome Metastases on necropsy

Leonardi et al. (2012) 16-year-old
Anglo-Arabian
unknown gender

Maxilla Subjected to euthanasia No metastases identified

Bush et al. (2007) 7-year-old Thoroughbred
gelding

Caudal maxillary sinus Surgery, Subjected to
euthanasia at a later
date

No metastases identified

Bush et al. (2007) 6-month-old unknown
breed colt

Mandible Subjected to euthanasia No metastases identified

Bush et al. (2007) 19-year-old Arabian
gelding

Mandible Subjected to euthanasia No metastases identified

Bush et al. (2007) Unknown Mandible None Unknown
Bush et al. (2007) 3-year-old Warmblood

gelding
Maxilla None Unknown

Livesey and Wilkie (1986) 6-month-old Quarter
Horse colt

Mandible Subjected to euthanasia No metastases identified

Livesey and Wilkie (1986) 7-week-old Standardbred
filly

Maxilla and vertebrae Subjected to euthanasia Metastases reported on
post mortem
examination

TABLE 2: Comparison of equine osteosarcomas located in other sites than the mandible/maxilla

Author/year Signalment Location Treatment/outcome
Crossed

joint space Metastases on necropsy

Wegge et al. (2012) 16-year-old Belgian
gelding

Proximal left humerus Subjected to euthanasia No Not reported

Gutierrez et al. (2010) 14-year-old Arabian
gelding

4th tarsal bone proximal
3rd and 4th metatarsal
bones

Surgical excision of tumour,
with no recurrence

Yes Not performed

Cillan-Garcia et al. (2010) 11-year-old Thoroughbred
gelding

Right hind 2nd phalanx Subjected to euthanasia No None seen

Kilcoyne et al. (2010) 10-year-old Donkey
gelding

Proximal radius Subjected to euthanasia Yes Metastases to liver and
regional lymph nodes

Springer et al. (2010) 27-year-old Thoroughbred
gelding

Right nasal passage Incomplete resection with
irradiation, with no
recurrence

N/A None noted on
antemortem thoracic
radiographs or
mandibular lymph
node aspirates*

Bush et al. (2007) 20-year-old Grade
gelding

Soft tissue caudal to
shoulder

Surgical excision, with no
recurrence

N/A Not performed

Bush et al. (2007) 5-year-old Appaloosa
gelding

Proximal right tibia None Not examined Lost to follow-up

Bush et al. (2007) 15-year-old Quarter Horse
mare

Nasal cavity None N/A Died 2 months after
diagnosis, related to
disease

Jenner et al. (2003) 23-year-old Quarter Horse
mare

Calcaneus/talus/4th tarsal
bone

Subjected to euthanasia Yes Only limb examined on
necropsy

Nelson and Baker (1998) 18.5-year-old Donkey
gelding

3rd phalanx Subjected to euthanasia No Not reported

Wan et al. (1994) 7 years Tennessee Walking
Horse mare

Left distal femur Subjected to euthanasia No None seen

Zaruby et al. (1993) 8 years Arabian gelding Scapula Subjected to euthanasia Yes None seen

* Antemortem results. No necropsy noted.
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tumour was noted. The location of the aggressive bone lesion
in the proximal humerus prevented an MRI or CT study
antemortem. Nuclear scintigraphic evaluation for metastases
in this horse was cost prohibitive and was not performed. An
ultrasound-guided bone biopsy is often performed to further
characterise osteosarcomas antemortem and provide a
definitive diagnosis. In this case, due to radiographic and
clinical appearance of the horse at the time of diagnosis, a
poor prognosis was determined. It was decided that
characterising the tumour with an invasive bone biopsy
technique would not change the treatment plan or outcome
of the case. Magnetic resonance imaging, CT and
scintigraphic studies may be useful in the future to further
characterise osteosarcomas in the horse and determine
whether these tumours behave more like they do in the dog
with frequent metastases, or are less aggressive as in the cat.

In the current case, mild normocytic, normochromic
anaemia (RBC 6.29 X 109/l, reference range 6.5–12.5) was
noted on the blood work obtained at the time of initial
diagnosis. This was suspected to be anaemia of chronic
disease due to impairment of normal bone marrow function.
Anaemia of chronic disease is common in veterinary and
human cases associated with tumours. The anaemia is
typically due to abnormal iron storage and metabolism,
shortened red blood cell life span and/or decreased bone
marrow response (Madewell and Feldman 1980). In dogs
affected with appendicular osteosarcomas, elevated
serum alkaline phosphatase greater than 110 u/l, has been
associated with a poorer prognosis (Withrow and Vail 2007). It
is noteworthy that the alkaline phosphatase in this mare was
within the normal range at 153 u/l (normal 93−233 u/l).

Few treatments for osteosarcomas have been attempted
in the horse. Surgical excision of an osteosarcoma in the third
and fourth tarsal bones with no recurrence has been
previously reported (Gutierrez-Mibeyro et al. 2010). Another
report described resection of a soft tissue osteosarcoma
caudal to the shoulder joint with no tumour recurrence (Bush
et al. 2007). An incomplete resection of an equine
osteosarcoma with irradiation treatments was reported with no
recurrence of the tumour (Springer et al. 2010). No other
treatment options have been reported in the literature for
equine patients. In the current case, surgical excision was not
possible and prognosis for the horse was poor. Multiple
analgesic therapies were performed without significant
positive improvement to the lameness exhibited in this horse.
The protracted time from diagnosis to euthanasia was to allow
for a therapeutic response as well as acquiescence with the
owner’s desire. Clinical signs did not worsen throughout the
treatment period and the horse maintained good body
condition, appetite and normal behaviour.

Human, canine and feline osteosarcomas are rarely
reported to cross the joint space. This tumour behaviour is
suspected to be secondary to collagenase inhibitors that
confine destruction to the bone and inhibit progression
through the synovium (Withrow and Vail 2007). It is interesting to
note that in Table 2, 4 out of the 9 cases listed, where the
tumour was located in close proximity to a joint space, were
reported to have crossed the joint. Adjacent bones are at risk
of tumour invasion due to tumourous extensions into
periarticular soft tissues (Vanel et al. 2012). This may be a
characteristic of equine tumours that differs from canine and
feline tumours but needs further research and investigation to
confirm.

It is difficult to speculate on the rate of metastases in horses
with osteosarcomas due to the low number of cases reported
as well as the limited post mortem examinations. Currently it is
unknown whether the disease in horses is similar to dogs, where
the tumour is aggressive and has a high rate of metastasis or
more similar to the disease process in cats where the tumour
has less aggressive activity with a lower rate of metastasis. Only
2 cases listed in the tables were reported to have
metastasised. In the current case reported, no metastases
were noted on post mortem examination. Therefore, it is only
speculative that the disease process is less aggressive in
equine cases due to the low metastatic rates reported.

In summary, more reported cases are needed to
determine equine osteosarcoma tumour predilection sites,
common signalments, tumour behaviour and potential
beneficial treatments to prolong quality of life.
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Case Report

Hindlimb lameness caused by systemic lymphosarcoma in a
Warmblood mare
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Summary
Equine lymphosarcoma is rare but has been reported
in mediastinal lymph nodes, cutaneous nodules, the
gastrointestinal system and peripheral lymph nodes. This report
describes the clinical presentation of lymphosarcoma
characterised by weight shifting, reluctance to ambulate or
peripheral oedema. This case is extremely atypical in clinical
presentation and justifies the need for consideration of
lymphosarcoma when formulating a differential diagnosis of
lameness with atypical presentation.

Introduction
Equine lymphosarcoma is uncommon. The clinical signs are
nonspecific and highly variable (Neufeld 1973). Common
clinical signs are weight loss, inappetance and possibly
lymphadenopathy; these nonspecific signs can encompass
various equine diseases. Multiple cases have been reported
involving the gastrointestinal tract, cutaneous nodules and
respiratory system (Van den Hoven and Franken 1983). The
most common haematological abnormalities reported in 37
horses with lymphosarcoma were hyperfib-rinogenaemia
(70% of cases), hypoalbuminaemia (51% of cases), anaemia
(51% of cases), leukaemic lymphocytes (38% of cases),
hyperglobulinaemia (35% of cases) and thrombocytopenia
(35% of cases) (Meyer et al. 2006). Multifocal nodules were also
noted involving tendons. It has not been reported to involve
joint surfaces or bone (Kelley and Mahaffey 1998). Neoplastic
invasion of long bones by adenocarcinoma has previously
been reported (Jann et al. 2009). This report describes the
clinical presentation of equine lymphosarcoma that involves
the epiphysis of long bones and the articular surfaces of
diarthrodial joints. This is an atypical presentation that has not
been reported previously.

Case details
An 11-year-old Warmblood mare presented to Oklahoma
State University Veterinary Teaching Hospital for lameness
of acute onset and excessive diffuse swelling of the right
hindlimb. Historically, an adductor muscle injury was
diagnosed 2 years previously.

Physical and laboratory examinations
Physical examination revealed a grade 4/5 right hindlimb
lameness and diffuse pitting oedema from the stifle to the
hoof. The entire hindlimb was warm, but not painful on
palpation. External rotation of the right hindlimb was also
evident. Physical parameters revealed: hyperthermia (39.6°C;
reference range [rr]: 37.2–38.9°C), tachycardia (88 beats/min;

rr: 32–44 beats/min) and tachypnoea (60 breaths/min; rr: 10–40
breaths/min). Body condition score of 4/9 with a healthy hair
coat and great appetite. Laboratory abnormalities included
a mild degenerative neutrophilia with a left shift (mature
neutrophils: 17.6 × 109/l; rr: 2.7–6.7 × 109/l and band neutrophils:
1.115 × 109/l; rr: 0–0.1 × 109/l) and mild monocytosis (1.3 × 109/l;
rr: 0–0.8 × 109/l) consistent with an active infection. A complete
blood count was performed 3 days later during treatment
discussed below and had the following abnormalities; mild
monocytosis (1.1 × 109/l; rr: 0–0.8 × 109/l), mild lymphopenia (1.3
× 109/l; rr: 1.5–5.5 × 109/l) and a hyperfibrinogenaemia (3.95 g/l;
rr: 0.76–2.3 g/l) suggesting chronic inflammation.

Preliminary diagnosis
Suspected cellulitis was the primary diagnosis based on acute
onset, evidence of systemic infection and appearance of the
right hindlimb. Antibiotics (procaine penicillin G at 22,000 iu/kg
bwt twice a day for 5 days, ceftiofur crystalline free acid at
6.6 mg/kg bwt once and gentamicin at 6.6 mg/kg bwt once a
day for 6 days) and anti-inflammatories (flunixin meglumine at
1.1 mg/kg bwt twice a day for 4 days then 0.5 mg/kg bwt
twice a day for 2 days) were initiated. Additional therapy
included: hydrotherapy (15–20 min daily) and a compressive
bandage with furacin/dimethyl sulfoxide. The oedema
resolved within 5 days. The stifle, however, remained swollen.
The lameness had significantly improved, but the proximal leg
still appeared to rotate outward. The white blood cell count
had returned within the normal reference range except for a
monocytosis and hyperfibrinogenaemia as described above.
Further diagnostics were pursued due to localised swelling of
the stifle region that was unresponsive to treatment.

Radiographic examination
The radiographic diagnosis was osteolytic lesions in the lateral
epicondyle, lateral condyle and trochlea of the right femur
(Fig 1). Soft tissue swelling of the lateral right stifle was
presumed to be associated with the underlying femoral
osteolytic changes (Fig 2). Differential diagnosis includes
infectious, traumatic or neoplastic osteolysis.

Further diagnostics
A fine needle aspirate or bone biopsy was declined by the
owner based on poor prognosis and the remote likelihood of a
cure. The owner elected euthanasia and a necropsy was
performed.

Pathology

Gross pathology
A firm, 27 × 21 × 19 cm multilobular, homogenous mass of
yellow/tan colour with multiple areas of haemorrhage was
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located in the inguinal area of the right hindlimb (Fig 3).
Additionally, numerous small tumour masses were present in
adjacent muscles and extended into the synovial membrane
of the right stifle and hock joints. The ovaries were bilaterally
enlarged, 20 × 15 × 15 cm, firm, nodular a yellow/tan
colour with multiple foci of haemorrhage (Fig 4). Infiltrating
yellow/tan, 6 × 4 × 3 cm masses were present in both kidneys
(Fig 5). Multiple areas of discoloured cancellous bone were
present in the distal aspect of the lateral femoral condyle
(Fig 6). Gross diagnosis was consistent with lymphosarcoma.

Histopathology
The lymph node architecture was totally effaced by sheets of
moderate-sized, hyperchromatic lymphocytes with a thin rim
of basophilic cytoplasm and round granular, dense nuclei.
Skeletal muscle sections contained large sheets of neoplastic
lymphocytes similar to those described above in the lymph
nodes (Fig 7a). Each kidney contained a large mass of
neoplastic lymphocytes (Fig 7b). The renal cortices
surrounding the masses had moderate fibrosis, tubular atrophy

Fig 1: Ill-defined, mottled, lucent appearance of the lateral
condyle and trochlea in this craniolateral-caudomedial oblique
radiograph.

Fig 2: Multiple, irregular lucencies noted in the soft tissues adjacent
to the lateral femoral epicondyle and lateral tibial plateau and the
head of the fibula. The somewhat amorphous cluster of lucencies
was not typical of gas in intermuscular fascial planes, so an
atypical deposition of fat or other unusual type of soft tissue must
be considered in a differential diagnosis along with artefact
caused by a negative summation due to wet and dry patches of
overlying skin.

Fig 3: Large mass in the right inguinal region.

Fig 4: Enlarged multilobular ovaries and uterus.
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and oedema with small clusters of individualised neoplastic
lymphocytes present throughout the interstitium. The renal
medullas underlying affected cortical foci had increased
interstitial fibrous connective tissue and moderate tubular
atrophy. There was complete loss of normal ovarian

architecture due to diffuse infiltrates of neoplastic
lymphocytes (Fig 7c). Immunohistochemistry stains for CD79a
were strongly positive. Bone lesions were not obvious
histopathologically. Final diagnosis was B cell lymphosarcoma.

Fig 5: Infiltrating mass in the right kidney.

Fig 6: Distal lateral femoral condyle on cut surface.

a)

b)

c)

10.0 μm

20.0 μm

10.0 μm

Fig 7: Photomicrographs of the histopathology obtained.
a) Skeletal muscle with large neoplastic lymphocyte masses.
b) Kidney as described above. c) Ovary with no normal ovarian
architecture present, only neoplastic lymphocytes.
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Discussion
The tentative diagnosis of lymphosarcoma was made on
necropsy examination, and confirmed with histopathology.
The bone specimens were probably inconclusive due to the
bone being so dense, the decalcification process was lengthy
and caused damage to cell detail. There was substantial
cellularity in the bone marrow, but not lymphoma with
certainty. This mare presented in good body condition, shiny
hair coat and did not appear to be systemically ill. The
presentation was consistent with cellulitis. Further diagnostics
were pursued because the stifle remained oedematous in
spite of gradual improvement from systemic antibiotic and
local anti-inflammatory treatment. Ceftiofur crystalline free
acid or Excede was chosen for its broad spectrum efficacy
especially for Streptococcus equi ssp. zooepidemicus. Also it
was an advantageous antimicrobial due to its minimal
administrations and long acting coverage. The rotational
stance and gait deficit in the right hindlimb were initially
thought to be a chronic adductor muscle injury; however, they
were actually due to a space-occupying tumour in the right
inguinal area. The extremely large inguinal mass could
probably have been felt on transrectal palpation, but was
never indicated in this case. The mass was not palpable or
visual externally. The radiographic evaluation was atypical of
osteomyelitis and, due to financial constraints and poor return
to function expectations, further diagnostics were declined.

The lymphosarcoma was multicentric and progressive, but
not clinically apparent. This case represents an unreported
and atypical presentation of equine lymphosarcoma. This
diagnosis should be considered in the future by equine
practitioners when confronted with a nonresponsive stifle
lameness with unusual radiographic findings.
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function can present as an atypical lameness observed only
after high speed.
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Clinical Commentary

Radiographic diagnosis of aggressive bone disease – back to
the paradigms!
R. Drees
Department of Clinical Sciences and Services, The Royal Veterinary College, Hatfield, Hertfordshire, UK.
Corresponding author email: rdrees@rvc.ac.uk

Two articles published in this issue, ‘Osteosarcoma in the
proximal humerus of a mare’ (Koch et al. 2014) and ‘Hindlimb
lameness caused by systemic lymphosarcoma in a
Warmblood mare’ (Moser et al. 2014) demonstrate the
importance of radiography in identifying aggressive bone
disease in the horse.

Despite the advancements in imaging technology in
recent years, the response of bone to aggressive disease such
as neoplasia or bone infection has not changed. The mainstay
of diagnosing bone disease, especially in equine patients,
involves a radiographic examination, and radiographic
evaluation defaults back to the analysis of the basic 5 Röntgen
signs for description of the lesion: size, shape, number,
margination and opacity (Thrall 2013).

The size and shape of a bone can, for example, change
with an aggressive disease causing expansion or lysis of the
bone. The number can change if lysis related to aggressive
bone disease destroys a bone. However it is also important to
note if one or multiple lesions are present and where. Primary
bone tumours most commonly present as a lesion affecting
one bone (monoostotic), whereas soft tissue neoplasia
invading a bone, metastatic or multicentric neoplasia
commonly affects multiple bones (polyostotic). The evaluation
of the integrity of the margins of a bone is particularly crucial in
diagnosing aggressive bone disease that will frequently cause
destruction of regular margins. Changes in opacity can
manifest in increased opacity, caused by bone proliferation,
or decreased opacity, caused by bone lysis.

In addition to this initial description using the Röntgen signs,
it is fundamental to emphasise differentiation between
aggressive and nonaggressive lesions when evaluating for
bony lesions (Table 1). Therefore, 3 main aspects are
evaluated: integrity of the cortex, type of periosteal reaction
and distinction of the differentiation between normal and
abnormal bone (zone of transition) (Fig 1, Table 1). Only one of
these aspects has to show aggressive features to be able to
categorise a lesion as aggressive.

Integrity of the cortex
Malignant tumours commonly destroy the cortex of a bone
due to increased matrix metalloproteinase and osteoclast
activity (Ferrari et al. 2004; Uchibori et al. 2006; Avnet et al.
2008); bone infections can, however, also interfere with the
normal bone homeostasis favouring bone destruction (Wright
and Nair 2010). Two orthogonal views or potentially additional
oblique views are often needed to achieve a tangential
intersection of the x-ray beam with the lesion, thereby allowing
for detection of cortical disruption. Cross-sectional imaging
modalities, such as computed tomography (CT) or magnetic
resonance imaging (MRI), alleviate superimposition and

therefore often, especially CT, allow a more distinct evaluation
of cortical integrity. Some neoplastic lesions primarily alter the
medullary integrity and, in these instances, careful evaluation
of the corticomedullary distinction is recommended as this can
often show subtle changes and other features may also still
support aggressive disease.

Periosteal reaction
Aggressive bone lesions often cause active bone proliferation
and active bone proliferation has irregular margins. This is
opposite to a chronic benign bone proliferation as seen in
fracture healing or healing of infectious bone disease, where
the margination of the proliferation is usually smooth or
multilayered. Multiple terms have been used to classify active
bone proliferation, such as speculated or sunburst, but the
main finding remains that the active proliferation has irregular
margins and is often oriented perpendicular to the long axis of
the bone (O’Donnell 2003).

Zone of transition
The transition of normal to abnormal bone is seen much more
abruptly and clearly defined with benign lesion as compared
to aggressive lesions, where this zone is commonly longer and
poorly defined. The evaluation of the medullary border
between normal and abnormal bone is especially helpful to
determine this fact.

Diagnostic imaging can be limited in differentiating
between neoplastic and infectious bone disease, as both

a

a

b

1 2 3

b

Fig 1: Figure showing features of aggressive bone disease: 1.
Cortical disruption by a lesion vs. normal corticomedullary
distinction. 2. Irregular, active periosteal bone disease supporting
aggressive bone disease (a) vs. (b) smooth periosteal bone
proliferation supporting a benign process. 3. Zone of transition is
indistinct and long in an aggressive lesion (a) vs. short or abrupt in
a benign lesion (b).
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show aggressive features. Therefore careful evaluation of the
patient history and physical examination, determining any
possible regional injuries or signs of systemic infection, are
helpful for the final diagnosis. Typical location of diseases is to
be kept in mind. Primary bone tumours are usually monoostotic
lesions that occur in metaphyseal locations in mature animals,
whereas infectious diseases commonly are polyostotic and
favour the metaphyseal or physeal region in young animals.
Metastatic bone lesions and also other neoplastic lesions, such
as plasma cell tumours or multiple myeloma, are most
commonly seen involving the medulla. Fine needle aspirate or
biopsy is recommended for confirmation of the lesion
aetiology.

Where available, advanced cross-sectional imaging
modalities such as CT and MRI, allow often precise depiction of
the lesion and further assessment of the soft tissue component
that is seen with aggressive bone disease (Davis et al. 2002).
Yet the standard radiographic evaluation remains a widely
used, easily accessible and solid tool in the assessment for
aggressive bone disease. With application of the outlined
interpretation paradigms, in combination with evaluating the
patient history, a diagnosis can often be established and
guide further work-up and treatment of the patient.
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TABLE 1: The basic five Röntgen signs are to be addressed when
evaluating bone lesions on radiographs. A lesion can be classified
as aggressive when one of the signs of aggressive bone disease is
present

The 5 Röntgen signs:

Size
Shape
Number
Margination
Opacity

Signs of aggressive bone disease:
Loss of integrity of cortex
Active bone proliferation
Long zone of transition
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Case Report

Atypical presentation of caecal perforation in two horses
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Summary
This case report describes retroperitoneal and subserosal
emphysema as the primary indication of a caecal perforation
associated with an episode of colic. Feed contamination was
not noted on repeated peritoneal fluid samples or within the
peritoneal cavity at the time of surgery; however, subserosal
and retroperitoneal emphysema at the base of the caecum
was identified during surgical exploration, which later
corresponded to retroperitoneal caecal perforation at
necropsy examination.

Introduction
Diseases of the caecum are less common causes of
abdominal pain than diseases affecting other regions of the
gastrointestinal tract. A study of horses undergoing exploratory
celiotomy by Phillips and Walmsley in 1993 found that the
caecum was the source of the colic in 4% of cases. Common
diseases that affect the caecum include types 1 or 2
impaction, tympani and caecocolic or caecocaecal
intussusceptions. Impaction is the most common cause of
caecal pain, accounting for 40–55% of caecal colic; however,
in a study done by Dart et al. (1997), caecal rupture occurred
in 27% cases of caecal disease.

Caecal rupture can occur secondary to an unresolved
impaction, parturition, tapeworm infestations, nonsteroidal
anti-inflammatory drugs or surgery and hospitalisation (Moore
and Hardy 2008; Rakestraw and Hardy 2012). Nonsteroidal
anti-inflammatory drugs have been implicated as possibly
playing an important role in either the formation or
exacerbation of caecal ulceration and in masking pain
primarily associated with a caecal impaction (Ross et al. 1985;
Dart et al. 1997; Rakestraw and Hardy 2012).

Once rupture of the gastrointestinal tract has occurred, the
escape of intestinal contents into the peritoneal cavity results
in massive sepsis and rapid deterioration of the patient.
Common clinical findings associated with gastrointestinal
rupture include fever, tachycardia, tachypnoea, altered
mucous membrane colour, obtunded mentation and
increased quantity of abnormally appearing peritoneal fluid
(Pratt et al. 2003).

This case series documents 2 cases with an atypical clinical
presentation of caecal perforation not characterised by gross
peritoneal contamination.

Case details

Case 1
Case 1 was an 8-year-old Quarter Horse gelding referred to the
Oklahoma State University Boren Veterinary Medical Teaching

Hospital with a 2 day history of worsening colic signs that had
not responded to previous medical treatment consisting of 2
doses of flunixin meglumine i.v. and 2 nasogastric intubations
with mineral oil. The current owner reported no prior medical
complaints in the 2 months of possession.

Upon presentation, Case 1 was found to be tachycardic
(60 beats/min) and exhibited signs of persistent colic.
Rectal examination identified the presence of a large
impaction on the right side of the abdomen believed to
be a caecal impaction. No other abnormalities were
detected during rectal examination. Signs of dehydration
and systemic inflammation or early sepsis were evident on
clinicopathological testing: PCV was 0.42 l/l (reference range
[rr] 0.32–0.37 l/l); total protein 77 g/l (rr 58–75 g/l); fibrinogen
6 g/l (rr 1–4 g/l); white blood cell count 4.9 ¥ 109 cells/l (rr 6.0–
12.0 ¥ 109/l) with 2.058 ¥ 109 cells/l segmented neutrophils (rr
3.0–6.0 ¥ 109/l). Abdominocentesis was aseptically performed
in the cranial linea alba using a blunt-ended metal cannula.
Peritoneal fluid was collected into a sterile ethylene diamine
tetraacetic acid (EDTA) blood collection vial, noted to be
cloudy and orange-yellow in colour and submitted for
immediate analysis. Results of the peritoneal fluid analysis
included a total nucleated cell count of 173 ¥ 109 cells/l
(rr<2.5 ¥ 109/l) with a total protein of 51 g/l (rr<25 g/l).
Nondegenerate neutrophils were present along with rare
intracellular coccobacilli noted consistent with septic
suppurative exudate and attributed to intestinal damage
and bacterial translocation secondary to the severe
impaction. Given the severity of the impaction, duration of
colic signs and evidence of intestinal damage based on the
peritoneal fluid analysis, it was decided to proceed to
exploratory celiotomy.

During preparation of Case 1 for colic surgery, it was noted
that subcutaneous emphysema was present in the right
inguinal area and over the right stifle. In surgery, a large type 2
caecal impaction and evidence of fibrinous peritonitis was
found. No free gas was noted upon entering the abdominal
cavity. The option of typhlotomy and complete caecal bypass
was discussed with the owner. Due to the degree of intestinal
damage and peritonitis, the owner decided Case 1 should be
subjected to euthanasia in surgery.

A necropsy examination was performed the following day
and confirmed the diagnosis of a large caecal impaction
approximately 3–4 times its normal size. Two perforating ulcers
were identified at the base of the caecum with associated
retroperitoneal gas and feed contamination. The
retroperitoneal contamination and infection had not ruptured
into the rest of the peritoneal cavity; however, the
retroperitoneal emphysema had migrated cranially and
caudally from the site of origin and exited through the inguinal
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canal to cause subcutaneous emphysema in the inguinal and
stifle areas.

Case 2
Case 2 was an 11-year-old Paint/Arab cross gelding referred to
the University of California, Davis William R. Pritchard Veterinary
Medical Teaching Hospital for a 5 h duration of severe colic.
The referring veterinarian reported a heart rate of 100
beats/min and toxic mucous membranes. There was no gastric
reflux obtained following nasogastric intubation. A peritoneal
fluid sample was collected and described as yellow coloured
and to contain a small amount of particulate matter. The
referring veterinarian was concerned about the possibility of
gastric rupture and the horse was immediately referred for
further diagnostic evaluation.

Upon arrival, the horse had a dull mentation and was
minimally responsive. Vital signs included mild fever (38.5°C, rr
37.2–38.2°C), moderate tachycardia (78 beats/min, rr 28–44
beats/min) and a eupnoeic respiratory rate. Mucous
membranes were pale and tacky with a prolonged capillary
refill time. Jugular refill time was slow and the horse had
marked abdominal distension; no gut sounds were audible in
any quadrant. One litre of spontaneous feed material filled
reflux was obtained during nasogastric intubation. The large
colon was palpated to be flaccid and collapsed during rectal
examination but some evidence of small intestinal dilation was
palpable. No evidence of pneumoperitoneum was detected.
Abdominal ultrasound demonstrated the presence of
ingesta-filled large colon and markedly distended small
intestine in both inguinal regions. Hypoechogenic abdominal
fluid was visible. Abdominocentesis was performed at 2
separate locations in the cranioventral abdomen in an effort
to document the historical particulate matter described by the
referring veterinarian. Abdominocentesis yielded large
volumes of yellow-orange to serosanguinous, slightly cloudy
fluid.

Abnormal haematological findings included
haemoconcentration (PCV 0.522 l/l [rr 0.32–0.37 l/l] and total
protein of 85 g/l, rr 58–75 g/l). Peripheral white blood cell count
was normal (7.35 ¥ 109 cells/l) and fibrinogen was within the
laboratory reference range (4 g/l).

Cytological analysis of the abdominal fluid identified total
protein of 44 g/l (rr<25 g/l) and nucleated cell count of 9.64 ¥
109/l (rr<2.5 ¥ 109/l) with 98% neutrophils and 2% large
mononucleated cells. There were no microorganisms or feed
material identified and there was no cytological evidence of
neutrophil degeneration.

Owing to the severity of the colic signs and derangements,
the decision was made to proceed to exploratory celiotomy.
Prior to surgery, the horse was resuscitated with hypertonic
saline and balanced polyionic crystalloid fluids administered
through bilateral jugular catheters and premedicated with
procaine penicillin, gentamicin, flunixin meglumine, and
tetanus prophylaxis. The horse was routinely anaesthetised,
positioned in dorsal recumbency and aseptically prepared for
ventral midline celiotomy.

During surgery, immediate findings were the audible
release of free malodorous gas from the peritoneal cavity
upon entering the peritoneum. The caecum and large colon
were noted to be in their normal anatomical location and
orientation. Both structures were exteriorised and noted to be
distended with gas and fluid ingesta. The serosa and
mesenteric vessels were observed to be significantly inflamed

and oedematous. Serosanguinous peritoneal fluid was present
but there was no evidence of feed material or gross
contamination. The small intestine was loosely twisted around
its mesentery and distended with gas and fluid. The serosa of
the small intestine appeared mildly congested but returned to
its normal colour once the volvulus was resolved.

During examination of the right ventral colon, a large
pocket of gas and emphysematous tissue in the mesocolon
was noticed, in addition to multiple smaller gas pockets along
the mesentery. Further investigation revealed a larger pocket
of gas, which palpated as a large crepitus balloon, around the
base of the caecum. These crepitic gas pockets were also
palpated along the abdominal wall in the most dorsal aspect
of the abdomen. During deep palpation, a large amount of
fibrin was identified in the peritoneal fluid in the region
surrounding the base of the caecum and colon.

Owing to the senior clinician’s previous experience with
the finding of subserosal and retroperitoneal emphysema in
Case 1 and the severity of the clinical condition of Case 2, the
owner was advised of the anticipated poor prognosis and
consented to subject the horse to euthanasia.

During necropsy examination the following day, a 5 x 6 cm
full thickness ulcer was identified in the luminal surface of the
caecum located 10 cm from the ileocaecal orifice. Feed
material was adhered and packed within the ulcer (Fig 1) and
was contained by emphysematous and necrotic serosa
(Fig 2). The serosa and connective tissue surrounding the
mesenteric root, right ventral colon and origin of the
caecocolic fold had green to black discolouration and were
markedly friable and emphysematous. Histopathological
examination of the caecal perforation was consistent with
ulceration with necrosis, haemorrhage and inflammation of
the margins.

Discussion
This case series documents an unusual clinical presentation of
a caecal perforation. The more typical presentation of caecal
perforation would be characterised by evidence of feed
contamination and septic peritonitis during presurgical
abdominocentesis or gross evidence of feed contamination
upon entry into the abdomen at time of exploratory celiotomy.

Fig 1: Necropsy photograph of the luminal surface of the caecum.
Feed was noted to be impacted within the ulcerated mucosa
(arrow). It was noted that the tissue surrounding the ulcer was also
emphysematous.
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There has been a comparable documented case of a caecal
perforation secondary to ulceration that also had no
evidence of perforated bowel at any time during the
presurgical examination (Klohnen et al. 1996). Similar to the
cases reported here, in this 1996 case, retroperitoneal
emphysema and fibrinous, serosanginous peritoneal fluid was
identified during surgical exploration without evidence of feed
contamination or intestinal perforation. That horse was
recovered from surgery and later subjected to euthanasia due
to deterioration of his condition. Necropsy examination
identified the presence of full thickness caecal ulceration and
perforation.

The second case reported in this case series may have
been recovered from anaesthesia if the senior clinician had
not had the prior observation of retroperitoneal emphysema in
association with caecal perforation. Although the finding of
free malodorous peritoneal gas in this case was highly
concerning and would have justified euthanasia for some
owners, the high degree of commitment of the owner to
saving this patient may have resulted in an attempt at
treatment. The recognition of the finding and significance of
retroperitoneal emphysema, based on past experience,
justified the recommendation that further treatment was
indeed futile and Case 2 was subjected to euthanasia at the
time of surgery.

In both cases, there were minimal clinical findings
consistent with a ruptured viscus during the presurgical
examination. Both cases presented for colic and abnormal,
but nonspecific, rectal findings were palpated. Peritoneal fluid
in both cases was not normal but did not have gross or
microscopic evidence of feed contamination. The peritoneal
fluid in Case 1 was consistent with peritonitis, attributed at the
time to bacterial translocation, with higher white cell count
and total protein than found in Case 2. Case 1 had
subcutaneous emphysema present in the inguinal and stifle
areas but Case 2 had free peritoneal gas upon entry in the
abdomen. In both cases, similar to Klohnen et al. (1996), there
was no evidence of ingesta contamination of the abdomen at
time of surgery to indicate that the caecum was perforated. It
would appear that the caecal contents were contained
within the connective tissue of the mesenteric root and
surrounding serosa. The dorsal location of the perforation at
the site of mesenteric attachments may have delayed the
spillage of ingesta into the peritoneal cavity which would be
the more common clinical presentation of gastrointestinal
perforation. Perforation of the ulcers to communicate with the
retroperitoneal space allowed migration of gas along the
serosal and facial planes and into the peritoneal cavity.
Retroperitoneal and subserosal emphysema was present in
both cases reported here and in the case reported by Klohnen
et al. (1996). Subcutaneous emphysema was evident in Case 1
and the previously reported case (Klohnen et al. 1996), but
was not present in Case 2.

Other potential causes of retroperitoneal and
subcutaneous emphysema include clostridial myonecrosis
(Peek and Semrad 2002), axillary wounds leading to dissection
of gas through the fascial planes (Joswig and Hardy 2013) and
dissecting communication with the respiratory tract (Trostle
et al. 1995). In the cases reported here, there was no history of
trauma, wounds, or systemic sepsis that would be expected if
these other aetiologies of dissecting emphysema were
causative or contributory.

Significant clinical signs are rarely observed prior to rupture
of the caecum and often a definitive diagnosis is not
obtainable until surgery (Dart et al. 1997). Previously
documented causes of caecal perforation include caecal
impaction, parturition, treatment with nonsteroidal anti-
inflammatory drugs or Anaplocephala perfoliata infestations
(Ross et al. 1985; Ross 1989; Dart et al. 1999; Ryu et al. 2001;
Moore and Hardy 2008). In the retrospective study by Dart
et al. (1997), all horses with caecal rupture had been treated
with phenylbutazone. Although there was no prior history of
nonsteroidal anti-inflammatory drug administration in the
horses reported here, both horses had received treatment for
colic (2 days of medical treatment of current colic in Case 1
which did include 2 doses of flunixin meglumine and
additionally, occasional treatment for gastric ulcers in Case 2).
It is not known if there is a relationship between the prior
treatments that these horses received and the development
of caecal ulceration and perforation.

These 2 cases outline a presentation of caecal perforation
which was not obvious by the more typical finding of gross
peritoneal contamination with ingesta during the presurgical
colic examination or at the time of surgery. Both cases
had severe derangements in their clinical examination,
rectal and/or abdominal ultrasound examination and
clinicopathological testing, including suppurative
inflammation evident in the peritoneal fluid. Arguably both

a)

b)

Fig 2: Necropsy photograph of the medial surface of the caecum
and right colon. Image a) and b) (magnified image of a) identify
the discoloured and oedematous serosa of the adjacent large
colon (star) and subserosal emphysema (triangle).
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cases would be anticipated to have a guarded prognosis for
survival with surgical exploration; however, the prognosis was
not hopeless based on the presurgical assessment. The primary
indication of a caecal perforation was the presence of
retroperitoneal and subserosal emphysema present and
reiterates that impending caecal perforation can be difficult
to predict. While the 2 cases reported here were subjected to
euthanasia intraoperatively, the authors are confident that the
horses would have not survived post operatively with the
lesions that were subsequently identified on necropsy
examination, which is supported by the case described by
Klohnen et al. (1996). When retroperitoneal and subserosal
emphysema is identified, with or without subcutaneous
emphysema, the presence of a caecal perforation should be
considered and the owner advised accordingly.
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Clinical Commentary

Caecal perforation
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The report by Gray and colleagues published in this issue
(Gray et al. 2014) describes an unusual presentation of
caecal perforation in 2 horses, where the perforation
occurred in the retroperitoneal portion of the caecal base.
This resulted in subserosal and retroperitoneal contamination
and the development of septic peritonitis. Since the
perforation occurred in the retroperitoneal space, gross
contamination of the peritoneal cavity by ingesta, which is
expected in the majority of cases of gastrointestinal
perforation, did not occur. Although caecal perforation is a
well recognised condition in the horse (Platt 1983; Ross et al.
1985; Hilbert et al. 1987; Ross 1989; White 1990; Collatos and
Romano 1993; Dabareiner and White 1997; Moore and Hardy
2008), the vast majority of cases occur in the peritoneal
portions of the caecum and are therefore associated with
peritoneal contamination by ingesta (Fig 1); this can be
recognised by abdominal ultrasonography and/or
examination of peritoneal fluid samples. Perforation of the
caecum into the retroperitoneal space appears to have
been reported previously on one occasion (Klohnen et al.
1996). None of the 3 reported cases survived. The authors can
find no reports of other predominantly intra-abdominal
gastrointestinal viscera perforating retroperitoneally in horses,
although penetrating injuries and tears of the retoperitoneal
portion of the rectum have been hypothesised to be a
potential cause of perirectal abscesses (Freeman 2011).

Reporting unusual manifestations of diseases is important
to raise awareness among clinicians of such rare occurrences.
Colic surgery in horses has a major impact on both the horse
and owner and there are important financial and ethical
considerations to think about when undertaking surgical
treatment of colic patients. As Gray and colleagues (2014)
rightly point out, attempted surgical treatment and recovery
from anaesthesia of the second case in their report may have
been undertaken had the senior clinician not had the prior
experience of a similar case with retroperitoneal emphysema
associated with caecal perforation; attempted treatment of
this second case would, most likely, have been unsuccessful
and would have exposed the horse to unnecessary suffering
prior to death. For these reasons, it is important that clinicians
continue to report uncommon conditions or infrequent
manifestations of more common diseases.

Contamination of the equine peritoneal cavity by ingesta
following gastrointestinal rupture is generally fatal (Adams
1982; Dabareiner and White 1995; Johnston and Freeman
1997), although a limited number of case reports describing
successful management of horses with gastric, colonic and
rectal rupture have been previously described (Hogan et al.
1995; Schumacher 2001). Most of these reports of successful
treatment have involved cases where limited peritoneal
contamination has occurred and/or where surgical repair has
been possible rapidly after the rupture happened.

The large bowel of the horse provides an environment for
microbial growth, where most of the fermentation and
production of volatile fatty acids (VFAs) takes place (Lopes
2008). The caecum is a large fermentation vat that can
accommodate 40 l or more of ingesta. The dorsal aspect of
the caecal base extends as far cranially as the costal portion
of the diaphragm and the right lobe of the liver and is
attached to the ventral surface of the right kidney, the root of
the mesentery and pancreas (Figs 2a and b). Ingesta and gas
move from the ileum into the caecum through the ileocecal
valve, which impedes reflux of liquid and particles back into
the ileum (Argenzio et al. 1974). Peristaltic contractions create
a pressure gradient to overcome resistance to ingesta flow.
Throughout the caecum and large colon, there are local
haustra to haustra mixing movements as well as retrograde
propagation of coordinated contractions, which are thought
to be important for delaying gastrointestinal transit facilitating
microbial digestion. Caecal contents are emptied into
the right ventral colon through the caecocolic ostium.
Coordinated contractions originate in the caecal body near
the apex every 2 min and move toward the base, creating a
pressure gradient that moves ingesta and gas (Ross et al. 1986;
1990). Muscular contractions then form a constriction at the
caecal base cranial to the ileocaecal papilla. This constriction
creates 2 separate compartments at the caecal base (cranial
and caudal) and is associated with the elevation of the floor of
the caecal base and opening of the caecocolic ostium. The
last event in the caecal emptying mechanism is the
contraction of the cranial compartment of the caecal base.

The aetiology of caecal perforation is often unclear. It has
been previously associated with caecal impaction and

Fig 1: Gross contamination of the peritoneal cavity due to caecal
rupture.
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parturition in mares (Platt 1983; Ross et al. 1985; Hilbert et al.
1987; Ross 1989; White 1990; Collatos and Romano 1993;
Dabareiner and White 1997; Moore and Hardy 2008). Caecal
perforation in post parturient mares is assumed to occur as a
result of caecal trauma at the time of parturition, abnormal
motility associated with late gestation leading to impaction or
gas distension with subsequent perforation secondary to
increased abdominal pressure associated with parturition
(Platt 1983; Ross et al. 1985; Edwards 2002). Most cases of
caecal perforation have been reported to occur secondary
to caecal impaction, presumably as a result of pressure
necrosis and structural failure of the caecal wall due to
increased intraluminal pressure (Fig 3). However, the precise
mechanisms leading to caecal impaction are unknown,
although an abnormality of muscular activity seems likely. Two
forms of caecal impaction (Fig 4) of the entire caecum are
reported, one associated with impaction by dehydrated
ingesta and one in which the contents are hydrated but the
caecum fails to evacuate (Moore and Hardy 2008); however,
it is possible that these 2 forms represent the 2 ends of a
continuum, rather than indicating different diseases.

Historically, caecal impaction with hard, dry ingesta has been
associated with ingestion of coarse feed, sand ingestion,
inadequate mastication (due to poor dentition) or insufficient
water. The condition has also been associated with
hospitalisation, fasting, general anaesthesia, other diseases
requiring prolonged treatment with nonsteroidal
anti-inflammatory drugs and infestation with Anaplocephala
perfoliata (Collatos and Romano 1993; Dart et al. 1997;
Roberts and Slone 2000). Firm impaction of the cranial aspect
of the base of caecum has also been recognised in the
absence of impaction of the caecal body and apex (Sherlock
and Eggleston 2013). No risk factors have been identified in the
small number of horses reported with this condition and it is not
clear if it is a manifestation of the caecal impactions
mentioned above or is a condition in its own right (Sherlock

a)

b)

Fig 2: a) Diagram to show the mesenteric attachments (in green) of
the caecum. Image by T. Melton, courtesy of the University of
Georgia. b) Diagram to show the mesenteric attachments (in
green) of the caecum with the kidney removed. Image by T.
Melton, courtesy of the University of Georgia.

Fig 3: Caecal perforation. Post mortem appearance showing the
mucosal surface with rupture of the caecal wall.

Fig 4: Caecal impaction. Appearance during surgery showing
impaction of the caecal apex.
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and Eggleston 2013). Another form of caecal impaction
characterised by hypertrophy of the circular muscle layer in
the caecal base and mechanical obstruction of the
caecocolic orifice has previously been reported in horses in
Germany (Huskamp and Scheidemann 2000).

Spontaneous rupture of other parts of the gastrointenstinal
tract has also been reported in horses. Gastric rupture is most
commonly associated with small intestinal obstruction/ileus but
has also been reported in association with gastric impaction
(Todhunter et al. 1986; Kiper et al. 1990; Bird et al. 2012).
Hypertrophy of the muscular layers of the stomach wall has
been recognised in a proportion of cases of primary gastric
impaction but it is currently unclear whether this hypertrophy is
cause or effect of the impaction (Bird et al. 2012).

Spontaneous perforation of the small intestine has been
reported as an idiopathic condition (Elce et al. 2003; White
and Mair 2008) (Figs 5a and 5b) as well as secondary to
diverticula or pseudodiverticula and to foreign body
perforation. Pseudodiverticula of the small intestine usually
arise secondary to an underlying disease of the intestinal wall,
including inflammatory and/or neoplastic diseases such as T
cell lymphoma (Southwood et al. 2010; Mair et al. 2011) and
muscular hypertrophy. Acquired pseudodiverticula associated

with muscular hypertrophy have been recorded occasionally
in the duodenum (Cordes and Dewes 1971) and jejunum
(Chaffin et al. 1992; Semevolos et al. 2006) but more
commonly in the ileum (Chaffin et al. 1992). Multiple
pseudodiverticula along the hypertrophy-affected ileum
occur in about 50% of cases. Rare cases of intestinal
perforation due to foreign bodies have been recorded
(Dobson and Lopez 1981; Davies 1983).

In man, retroperitoneal perforation of gastrointestinal
viscera is also uncommon but has been recognised in the
duodenum, colon, caecum and appendix (Juler et al. 1969;
Glasser et al. 1978; Alvares et al. 1997; El-Masry and Theodorou
2002; Marron et al. 2006; Metcalfe et al. 2010; Suresh et al.
2012; Sadatomo et al. 2013). The short mesenteric
attachments or direct connection between these viscera and
retroperitoneal space allow for retroperitoneal perforation of
the mesenteric aspect of these viscera. In man, retroperitoneal
perforation of gastrointestinal viscera may be primary;
however, many are secondary i.e. due to external trauma
(Metcalfe et al. 2010) or a consequence of endoscopic
procedures (Pannu and Fishman 2001) or underlying
pathology of the intestinal wall including at locations of
diverticulum (Juler et al. 1969), ulceration (Sadatomo et al.
2013), neoplasia (Marron et al. 2006), infection or severe
inflammation (Alvares et al. 1997). In the 2 horses reported by
Gray et al. (2014), it is interesting to note that there was
histopathological evidence of ulceration of the caecum in the
area of the perforation which is not always a characteristic
feature of perforation of the peritoneal portion of the equine
caecum. The relevance of the ulceration to the
retroperitoneal perforation of the caecum in the reported
cases (Gray et al. 2014) is uncertain. Although there was no
history or clinical evidence of trauma in the cases described
by Gray and colleagues (2014), the possibility of unrecognised
abdominal trauma can never be totally discounted.

In man, the diagnosis of retroperitoneal perforation can be
slow due to the reduced severity of gastrointestinal signs and
even clinical signs relating to other anatomical locations
including back pain and limb pain (El-Masry and Theodorou
2002). Identification of small volumes of retroperitoneal and
subcutaneous gas (normally using computed tomography) is
an important triggering sign in the diagnosis of retroperitoneal
perforation in man (Glasser et al. 1978; Alvares et al. 1997;
Pannu and Fishman 2001) as was present in Case 1 and utilised
in Case 2 (Gray et al. 2014).

Regardless of the underlying cause and method of
diagnosis, the question arises as to whether treatment of
perforation of the caecum in the retroperitoneal portion could
be attempted if the diagnosis was suspected prior to surgery.
If a suspicion of retroperitoneal perforation of the caecum
were possible on the basis of the clinical features (for example
the presence of subcutaneous emphysema in the right
inguinal/stifle area as was identified in Case 1), then a surgical
approach to the base of the caecum via the right flank with
resection of the 18th rib might be indicated. This approach has
been used for treating chronic recurrent caecal impaction
(Huskamp and Scheidemann 2000) and caecocolic
intussusception (Scheidemann and Huskamp 2011). Drainage
of the contaminated retroperitoneum and typhlotomy and
repair of the perforation of the caecal wall might be possible
via this route, although the degree of contamination and
systemic effects of the associated peritonitis might preclude a
successful outcome.

a)

b)

Fig 5: a) Spontaneous ulceration and perforation of the jejunum.
Serosal surface. b) Spontaneous ulceration and perforation of the
jejunum. Mucosal surface.
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Case Report

Peritonitis, abscessation and haemorrhage: Complications of
transcutaneous caecal decompression
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Summary
Transcutaneous needle decompression of the caecum
through the right flank is a valuable, routine procedure
performed to resolve cases of large intestinal tympany.
Nevertheless, it can be the cause of potentially life-threatening
complications as highlighted by the 3 cases presented in this
case report. Abscess formation, septic peritonitis and
haemorrhage following needle decompression are described.

Introduction
Percutaneous decompression of the caecum through the right
flank is a procedure routinely performed in equine patients
showing signs of colic associated with large intestinal
distension. The technique used and value of performing this
procedure have been previously described in the literature
(Adams 1991; Gerber 1994; Wintzer and Kraft 1999; Zimmel
2003; Dallap Schaer and Orsini 2008; Weese et al. 2011; Fehr
2012; Rakestraw and Hardy 2012; Edwards 2013). Possible
complications have also been previously recorded including
peritonitis due to leakage of intestinal contents, local infection
leading to cellulitis or abscessation and haemorrhage. Few
original papers or case reports on either transcutaneous (or
rectal) caecal or colonic decompression have previously
been published (Hipp and Hipp 1995; Scotti et al. 2013)
and none describe complications. The purpose of this report
was to describe complications encountered in 3 horses
with large intestinal tympany, treated by transcutaneous
decompression.

Case 1

History
A yearling Irish cob gelding presented for emergency
evaluation of colic having recently undergone prolonged
treatment for a laceration of the lower limb in a private clinic.
The horse was treated at home for impaction colic and had
received water and sodium sulfate decahydrate via
nasogastric tube and nonsteroidal anti-inflammatory
medication.

Clinical findings
On physical examination the gelding was in poor body
condition but appeared depressed. All vital parameters were
elevated: heart rate was 80 beats/min, respiratory rate 24
breaths/min and temperature 38.6°C. Mucous membrane
colour was dark pink but capillary refill time was normal. Rectal
palpation of the left caudal abdomen revealed an impacted
colon. The caecal tympany felt on the right was assumed to

be secondary. Passage of the nasogastric tube yielded large
amounts of ingesta flushed from the stomach and water and
laxatives were administered via the stomach tube.

Clinical course and treatment
In the absence of permission for surgical exploration, an
attempt was made to alleviate the persistent mild signs
of abdominal discomfort and caecal tympany using
transcutaneous caecal decompression; this was performed
between the last rib and tuber coxae (Fig 1) using a 13 gauge
over-the-needle catheter (Intranule)1.

The horse’s comfort level improved. However,
approximately 24 h later there was evidence of tachycardia
(100 beats/min) and an elevated temperature (39.1°C) both
of which persisted into the second day despite medical
management (i.v. fluids, cefquinome [Cobactan 4.5%,
1 mg/kg bwt i.v. q. 12 h]2 and low-dose flunixine meglumine
[Flunixin, 0.25 mg/kg bwt i.v. q. 6 h]3).

On Day 2 the gelding began to produce moderate
amounts of reflux and lidocaine (Lidocain 2%, 0.05 mg/kg
bwt/min i.v.)4 was given in addition to i.v. fluids in an attempt to
promote motility. Ascarid worms were noted in the reflux on 2
occasions. Ultrasound evaluation showed a dilated and
hypomotile duodenum (6 cm in diameter), with the remainder
of the small intestine appearing hypomotile but nondistended.
Intra-abdomnial fluid volume did not appear increased.

On Days 3 and 4 the gelding showed a stable general
condition and vital parameters returned to within normal limits.
Caecal gas distention was no longer evident on rectal
palpation. However, a mass was now palpable at the base of
the caecum which was evaluated using transabdominal
ultrasonography and showed a multi-layered structure most
consistent with an ileocaecal intussusception. Gas
reverberations were noted adjacent to the structure (Fig 2).
Repeated abdominocentesis yielded a turbid fluid with a cell
count of 300 × 109/l (reference range <5 × 109/l) and a total
protein of 45 g/l (reference range <20 g/l). The findings and
probable need for surgical intervention were discussed with
the owner who opted for euthanasia of the gelding based on
the severity of findings and a guarded prognosis.

Post mortem findings
Post mortem evaluation revealed a focal area of infection and
inflammation at the base of the caecum (directly adjacent to
the site of entry following transcutaneous puncture). At this
location the caecal wall lay in folds adherent to one another
due to fibrin production (Fig 3). This had given the impression of
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an intussusception ultrasonographically. The remaining
abdominal cavity showed mild signs of peritonitis.

Case 2

History
A 13-year-old Freiberger mare was referred for evaluation
following a severe episode of colic. The mare had presented

to the referring veterinarian with a heart rate of approximately
100 beats/min. She was diagnosed with primary caecal
tympany based on auscultation and rectal palpation. Due to
the severity of abdominal discomfort and gas distension,
caecal decompression was performed through the right
paralumbar fossa. A 13 gauge over-the-needle catheter
(Intranule)1 was passed into the base of the caecum in the
middle of the right paralumbar fossa, midway between the last
rib and tuber coxae. A large volume of gas could be heard
exiting the caecum over several minutes. The catheter had
been removed without the stylet to enable concurrent
administration of penicillin and gentamicin (dosage
unknown). Decompression in combination with nonsteroidal
anti-inflammatory medication (Metamizole [Vetalgin N,
50 mg/kg bwt i.v.]2) was effective in temporarily stabilising the
mare. However, 4 h later she again began to show signs of
colic and gas distention and was referred for further
evaluation.

Clinical findings
On arrival the mare appeared depressed and showed
elevated vital parameters (heart rate 80 beats/min, respiratory
rate 16 breaths/min, rectal temperature 38.4°C), but no signs
of colic. Intestinal borborygmi were increased and the mare
started passing soft faeces. Her mucous membranes were
purple with a toxic line. A painful, warm swelling approximately
10 cm in diameter was noted over the right paralumbar fossa.
The proximal third of the left jugular vein was also swollen and
painful and was no longer patent. Blood work revealed
moderate leucopenia (leucocytes 3.55 × 109/l, reference
range 5.3–10.3 × 109/l), marked neutropenia (1.12 × 109/l,
reference range 2.5–6.0 × 109/l), an increased proportion of
immature band neutrophils (1.38 × 109/l, reference range 0–0.5
× 109/l) and toxic changes. Abdominocentesis yielded turbid
fluid with an increased white blood cell count (55.83 × 109/l,

Fig 1: The landmarks for caecal decompression are highlighted
(last rib, right tuber coxae). The arrow points to the sight of
puncture.

Fig 2: Ultrasonographic image obtained via the right paralumbar
fossa in Case 1. A layered structure suggestive of an
intussusception is visible.

Fig 3: Post mortem findings in Case 1. The caecal base is focally
inflamed, folded and adhered due to the fibrin production at the
site of needle decompression.
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reference range <5 × 109/l, granulocytes 79.5% with presence
of degenerate neutrophils and absence of bacteria). Total
protein was not recorded.

Clinical course and treatment
A presumptive diagnosis of septic peritonitis and resultant
endotoxaemia following caecal puncture was made. Cellulitis
at the site of caecal decompression and left jugular vein
thrombophlebitis were additional problems. Antibiotics
(penicillin [Penicillin Natrium, 30,000 iu/kg bwt i.v. q. 6 h]4 and
gentamicin [Pargenta-50, 6.5 mg/kg bwt i.v. q. 24 h]5 for 7
days), nonsteroidal anti-inflammatory drugs (flunixine
meglumine [Flunixin, 0.5 mg/kg bwt i.v. q. 6 h for 7 days]3) and
i.v. fluids were administered via a lateral thoracic catheter. The
left jugular vein was treated topically with heparin gel (Lyman
200,000 forte)6. On the third day of hospitalisation a chest tube
was inserted at the most dependent aspect of the abdominal
cavity and peritoneal lavage performed (using 10 l sterile
saline) twice daily for 2 days. At that time the catheter was
occluded and was removed.

On Day 4 the mare had improved clinically although her
heart rate remained elevated (between 48 and 64 beats/min)
and she showed recurrent episodes of fever up to 40.3°C. She
began to show signs of laminitis on all 4 feet. Hoof bandages
were applied and anti-inflammatory therapy continued. The
abdominal wall at the site of caecal puncture had become
increasingly swollen and ultrasound evaluation revealed
hyper- and hypoechogenic regions suggestive of abscess
formation. Repeat abdominocentesis revealed an increased
leucocyte count (313.4 × 109/l, reference range <5 × 109/l, %
granulocytes 93%, TP 50 g/l, reference range <20 g/l). Despite
these values the mare appeared clinically stable one week
after presentation. Rectal temperature remained slightly
elevated (up to 38.7°C) but the signs of laminitis subsided
quickly. The left jugular vein was thickened and not patent but
was no longer painful on palpation.

On Day 8 the mare was discharged into the care of her
owner due to financial constraints. Recommendations were to
continue a course of cefquinome (Cobactan 4.5%, 1 mg/kg
bwt i.v. q. 12 h)2 and meloxicam (Metacam, 15 mg/ml,
0.6 mg/kg bwt per os q. 24 h)7 for a further 2 weeks. At home
the mare showed intermittent fever spikes but eventually
made a full recovery.

Case 3

History
An 11-year-old Swiss Warmblood mare was presented for
evaluation of colic of 2 days duration. The mare had recently
had silage introduced to her usual diet of hay and
concentrates. Based on a working diagnosis of a large colon
impaction the referring veterinarian had initiated treatment
with laxatives and nonsteroidal anti-inflammatory drugs.

Clinical findings
On presentation the mare was in good body condition and
showed moderate signs of colic and slightly elevated vital
parameters (heart rate 48 beats/min, respiratory rate 24
breaths/min). Intestinal borborygmi were diminished. Rectal
palpation confirmed the presence of a large impaction of
the pelvic flexure. Abdominal ultrasound and routine blood
work were unremarkable. Abdominocentesis was not
performed at this time. The therapeutic regimen of laxatives

(water and sodium sulfate decahydrate administered via
nasogastric tube) and nonsteroidal anti-inflammatory
medication (flunixine meglumine [Flunixin 1.1 mg/kg bwt, i.v.]3)
was continued.

Clinical course and treatment
Over the following hours abdominal discomfort increased and
the mare developed secondary caecal tympany. Financial
constraints prohibited surgical exploration of the abdomen so
that caecal decompression through the right paralumbar
fossa was performed. A Marek trocar (Fig 4) was directed
toward the contralateral elbow as it entered the base of the
caecum half way between the last rib and the right tuber
coxae. During the procedure blood (assumed to originate
from a caecal artery based on its bright red colour and
pulsatile flow from the catheter) was noted to exit the cannula.
The cannula was immediately removed. The mare showed
severe signs of abdominal discomfort. Abdominal
ultrasonography, performed 1 h after caecal puncture,
revealed an increased fluid volume with the hyperechoic
swirling appearance characteristic of intra-abdominal
haemorrhage. Abdominocentesis performed at that time
revealed PCV of 33% and total protein of 62 g/l which
supported the suspicion of acute blood loss into the abdomen.
Effective analgesia was achieved through a combination of
detomidine (Equisedan 0.02 mg/kg bwt i.v.)5 and butorphanol
(Morphasol-10, 0.05 mg/kg bwt i.v.)5 and maintained by a
constant rate infusion with lidocaine (Lidocain 2% 0.05 mg/kg
bwt/min i.v.)4.

Eight hours following presentation the mare was
comfortable, bright and alert and showed normal vital
parameters and a stable systemic PCV (30%) and total protein
(62 g/l).

Over the following week of hospitalisation the antibiotics
(cefquinome [Cobactan 4.5%, 1 mg/kg bwt i.v. q. 12 h]2) and

a)

b)

c)

Fig 4: Three options for caecal puncture: a) large bore Jansen
trocar and cannula, b) Marek trocar and cannula, c)
over-the-needle i.v. catheters (8 and 14 gauge).
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anti-inflammatory treatment (meloxicam [Metacam
15 mg/ml, 0.6 mg/kg bwt per os]7) initiated prior to caecal
decompression were continued. The mare showed
intermittent, mild signs of colic for 3 days until the large colon
impaction was no longer palpable. Abdominal ultrasound was
repeated 2 days after the intra-abdominal haemorrhage and
the amount of free abdominal fluid was noted to have
reduced considerably. The mare was discharged after 9 days
of hospitalisation and at follow-up one week later she had
resumed her regular routine.

Discussion
Gas distension or tympany of the caecum or ascending colon
rarely occurs as a primary condition and is most commonly
described secondary to dysmotility (ileus) or physical
obstruction (Adams 1991).

Causes of primary caecal or colonic tympany include
abrupt feed changes, grain overload, diets rich in readily
available carbohydrates and feeds of poor quality (Hipp and
Hipp 1995; Cohen et al. 1999; Wintzer and Kraft 1999; Hudson
et al. 2001; Archer and Proudman 2006; Shirazi-Beechey 2008;
Durham 2009). Ileus may lead secondarily to large intestinal
gas distension and can be caused by inappropriate feed
management, medication (e.g. atropine), stress, pain,
parasite burden, electrolyte abnormalities, thrombotic or
embolic compromise of the large intestine, peritonitis and
colitis (Wintzer and Kraft 1999; Edwards et al. 2000; Williams
et al. 2000; Hillyer et al. 2002; Delesalle et al. 2005; Archer and
Proudman 2006; Rakestraw and Hardy 2012). Large intestinal
tympany secondary to mechanical obstruction can be
categorised as simple or intraluminal obstruction (impaction
with ingesta or sand or an enterolith) and those which are
caused by displacement (left or right dorsal displacement) or
strangulation (large colon volvulus).

Although none of the horses in this case report were taken
to surgery for a definitive diagnosis, presenting clinical findings
and their progression allowed the working diagnosis of primary
caecal tympany in Case 2 and gas distension secondary to
colonic impaction in Cases 1 and 3. Factors contributing to gas
accumulation may have included parasite burden (Case 1)
and changes in diet (Case 3).

Caecal decompression can best be justified in cases of
primary caecal distension. Conservative measures prior to
puncture include judicious use of analgesia and
antispasmodic agents, oral or i.v. fluid therapy and, where
appropriate, lungeing. The use of prokinetics is controversial
and not without risk (Adams 1991; Gerber 1994; Hipp and Hipp
1995; Wintzer and Kraft 1999; Weese et al. 2011). Certain cases
may require immediate relief of severe gas distension (Case 2).
Even these cases warrant a brief clinical assessment to
determine the value of and risks associated with needle
decompression. In cases of ileus and nonstrangulating
obstructions (Cases 1 and 3) the clinician must be aware that
the positive effect of needle decompression may only be
temporary if the underlying condition is not resolved (Adams
1991; Hipp and Hipp 1995; Bassage 2009; Fehr 2012; Rakestraw
and Hardy 2012). Finally, needle decompression is not
indicated in cases with strangulating lesions.

None of the horses of this case report had permission for
surgery. The value of performing ‘therapeutic’ caecal
puncture in a horse with permission for surgery is questionable
and dependent on the clinician’s level of comfort in the
working diagnosis. Some authors would suggest that large

intestinal distention alone is adequate indication for
exploratory laparotomy (Gerber 1994; Bassage 2009; Fehr
2012). Certainly caecal puncture should not be responsible for
a delay in referral or in the decision to proceed with surgery,
both of which might worsen prognosis. This is to be
differentiated from caecal decompression performed in order
to resolve the dyspnoea associated with a compartment
syndrome in preparation for general anaesthesia and surgery
(Gerber 1994; Gibson and Steel 1999; Wintzer and Kraft 1999;
Dallap Schaer and Orsini 2008; Fehr 2012). A further
prerequisite to performing caecal decompression is the need
to identify the correct segment of bowel and to be sure of its
close proximity to the abdominal wall (Adams 1991; Edwards
2013).

A number of standard texts describe the technique for
right-sided caecal puncture. Most recommend aseptic
preparation of the paralumbar fossa midway between the last
rib and ventral aspect of the right tuber coxae (Fig 1) (Adams
1991; Zimmel 2003). Others identify the site of maximal gas
distension (Gerber 1994; Wintzer and Kraft 1999; Holcombe
2003; Fehr 2012). These were the landmarks used in the 3 horses
reported. Instruments used for puncture vary from 8–14 gauge
i.v. catheters (used in Cases 1 and 2) to large bore, reusable,
metal trocar/cannula units (Case 3) (Fig 4) (Adams 1991;
Gerber 1994; Wintzer and Kraft 1999; Zimmel 2003; Dallap
Schaer and Orsini 2008; Weese et al. 2011; Fehr 2012; Edwards
2013). While a large lumen guarantees maximal escape of gas
it also causes more tissue damage. Removal of the metal stylet
from an i.v. catheter (on entering the caecum) may help to
reduce the risk of lacerating soft tissues and this is used
routinely in our clinic. The direction of insertion is generally
described as perpendicular to the skin, though older texts
recommend that the point be directed cranially towards the
contralateral elbow (Gerber 1994). Once gas is noted to
emanate from the catheter, extension tubing can be
attached and submerged in order to better assess escaping
gas (Adams 1991; Dallap Schaer and Orsini 2008; Fehr 2012).
Dallap Schaer (Dallap Schaer and Orsini 2008) strongly advises
against redirection of the catheter after trocharisation due to
the increased risk of septic peritonitis.

The majority of texts recommend instilling antibiotics prior
to, or during, removal (Dallap Schaer and Orsini 2008; Fehr
2012; Edwards 2013) of the cannula used for decompression
although class and dose of antibiotic is rarely defined (Fehr
2012; Rakestraw and Hardy 2012; Edwards 2013). Whether
antibiotics, flushing of the catheter with sterile saline (Zimmel
2003; Weese et al. 2011) or replacement of the trocar prior to
cannula removal reduce abdominal contamination remains
speculative. Systemic antibiotics may be justified (Wintzer and
Kraft 1999; Dallap Schaer and Orsini 2008; Weese et al. 2011;
Edwards 2013) although some authors only recommend their
use in cases showing signs of complications (Zimmel 2003).
Antibiotics were instilled through the catheter in Case 2
suggesting that this practice does not preclude local or
generalised abdominal infection. Provision of broad spectrum
antibiotic coverage (penicillin [Penicillin Natrium, 30,000 iu/kg
bwt i.v. q. 6 h]6 and gentamicin [Pargenta-50, 6.5 mg/kg bwt
i.v. q. 24 h]7 or cefquinome [Cobactan 4.5%, 1 mg/kg bwt i.v.
q. 12 h]2) to patients, prior to and following caecal puncture, is
standard protocol in our clinic.

Decompression of the large colon can also be performed
using the procedure described above although the risk of
complications is reported to be increased (Adams 1991;
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Gerber 1994; Zimmel 2003). Use of rectal decompression has
also been described (Wintzer and Kraft 1999) and recently
reported in this journal (Scotti et al. 2013). Due to the risk of
intestinal laceration (Gerber 1994) this technique is not
routinely used in this clinic and is not discussed further. None of
these techniques are applicable to decompression of the
small intestine.

Transcutaneous large intestinal decompression and its
possible complications are frequently mentioned in texts
addressing the treatment of the acute abdomen (Adams
1991; Zimmel 2003; Dallap Schaer and Orsini 2008; Bassage
2009). It is important to note that while a direct association
between the clinical abnormalities and needle
decompression seems most plausible in the cases described,
only one of the horses was evaluated more closely at necropsy
to confirm this assertion. The authors are unaware of previous
reports describing similar complications in detail. Peritonitis and
local abscessation as described in Cases 1 and 2 are
mentioned most frequently in the literature. Some degree of
peritonitis must be expected with peritoneal fluid nucleated
cell counts as high as 100 × 109/l having been reported after
‘uncomplicated’ trocarisation (Dart et al. 1999; Dallap Schaer
and Orsini 2008; Edwards 2013). This effect precludes accurate
interpretation of abdominal fluid samples obtained
subsequently (Edwards 2013). Interestingly, none of the larger
retrospective studies of peritonitis in the horse refer to cases
following caecal puncture (Hawkins et al. 1993; Matthews
et al. 2001; Henderson et al. 2008; Nogradi et al. 2011). The
self-limiting, localised effect of the peritonitis has been
suggested as an explanation for a lack of systemic problems in
the majority of cases (Dart et al. 1999). However, closer
evaluation may reveal an association with post operative
incisional infection, thrombophlebitis (Case 2) or other
conditions associated with endotoxaemia (such as the
transient laminitis treated in Case 2). Haemorrhage as a
complication is mentioned in the literature in conjunction with
left-sided large intestinal decompression. Laceration of
colonic vasculature or the spleen are suggested as the
possible causes (Bassage 2009). The site recommended for
puncture at the base of the caecum does not harbour any
larger blood vessels. More ventrally, however, the lateral
taenia contains blood vessels (Figs 3 and 5). It is possible that
either the site elected for decompression in Case 3 was too
low or that the body of the caecum was pushed dorsally
through another distended viscus (in this instance the
impacted large colon). Doppler ultrasound evaluation of the
flank has been recommended prior to needle decompression
of the left side (Fehr 2012) and may be warranted in caecal
puncture also.

The incidence of complications associated with caecal
trocarisation appears to be low (in our clinic population
approximately 5%) (Schnider et al. unpublished data).
Nonetheless, this case report describes 2 common problems
and one unusual consequence of large intestinal
decompression. While this report should not preclude the
clinician from considering this technique in cases of acute
abdominal disease, various criteria should be met and factors
taken into consideration prior to proceeding with
transcutaneous intestinal puncture.
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Fig 5: Anatomy of the caecum (view from the right side). Note the
distance from the caecal base to the laterally located vessels
(red). a: ileum; b: caecal base; b': caecal body; b": caecal apex;
c: right ventral colon ascendens. Adapted from Schummer and
Habermehl (1987).
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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.

Made in Italy
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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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Puncture of the horse intestine has been used for several
centuries to relieve gastrointestinal gas distention. Descriptions
from the 17th century reveal caecal decompression using a
knife in the right flank, not going too deep and using a quill to
release the gas (Reeks 1905). Trocarisation became
recognised as a way to treat tympany, which left untreated
causes suffocation. Observations in older texts suggest a small
risk of peritonitis, which was the most common complication.
The location for the puncture was determined by where the
‘tympanic sound is most marked’ (Magner 1905). A smaller
trocar diameter (not larger than 3 mm) and 22–25 cm long
was recommended to decrease chance of bowel leakage
with resulting peritonitis (Dollar 1920). If there was no success,
reinserting the trocar lower on the flank was recommended.
Antiseptic fluid was injected into the bowel and the ‘stiletto’
replaced prior to withdrawal of the trocar. The procedure was
considered safe based on the minimal clinical response when
completed in normal horses.

Trocarisation was not limited to the caecum. Attempted
decompression on the left side was reserved for special cases
but recommended when needed to relieve gas in the colon
(Udall 1947). Stomach trocarisation through the 17th
intercostal space at the level of the tuber coxae and directed
toward the right elbow was also described (Udall 1947).
Puncturing the bowel through the rectum was considered risky
due to infecting the peritoneum but still accepted as a way to
decompress distended bowel including relief of distended
small intestine using a 16 gauge needle. Transrectal
decompression using a retractable needle was recently
reported with minimal complications (Scotti et al. 2013). Use of
ultrasound now makes it possible to locate the gas filled
intestine accurately, helping to avoid vessels during
decompression.

While caecal decompression is recommended in several
textbooks, there is very little scientific information about
the risks of the decompression procedures. Schumacher
et al. (1985) investigated the effect of enterocentesis in
normal horses. Enterocentesis was performed on ventral
midline on Day 0 with follow-up peritoneal fluid analysis for
4 days. Nucleated cell counts were significantly increased
on Day 2 and individual horses had abnormally increased
nucleated cell counts for all 4 days (Table 1). Peritoneal
fluid specific gravity was increased above baseline on Days
1 and 2 after enterocentesis. Peritoneal fluid was normal
in control horses, which had paracentesis only during the
5-day trial. All horses remained clinically normal during
the trial except for one horse, which was febrile 24 h after
the enterocentesis. Similar to percutaneous caecal
decompression, horses can tolerate small amounts of
contamination with intestinal fluid after enterotomy or gas

evacuation during surgery as long as the intestine is normal
or only slightly compromised.

The procedure is facilitated by simultaneously completing
a rectal examination to help push the gas to the right dorsal
flank thereby removing as much gas as possible and
preventing premature disengagement of the needle in the
caecum (Fig 1a) (White and Edwards 1999; Moore and Hardy
2008). Connecting the needle or catheter to suction speeds
the gas evacuation (Fig 1b). In addition to relieving caecal
tympany, which may resolve a primary problem,
decompression helps facilitate a rectal examination by
allowing more access to the cranial abdomen.
Decompression should not be completed if the caecum is
filled with fluid or ingesta, which cannot be removed using a
needle.

If a flexible catheter is used, it is advisable to leave the
needle in the catheter so it is not as easy for the caecum to
slide off the catheter. Flushing the needle as it is removed helps
to prevent caecal fluid from contaminating the peritoneum
and abdominal wall. Either flushing sterile saline or antibiotic
through the needle as it is removed is recommended (Moore
and Hardy 2008). Although complications are rare, systemic
antibiotic therapy is recommended for any problem other
than simple tympany.

It can be difficult to separate peritoneal fluid changes
caused by percutaneous caecal decompression from those of
a primary disease or post operative peritoneal inflammation.
Intestinal ischaemia or surgical procedures will create
peritonitis with increased white blood cells and protein
concentrations or these changes may be associated with
caecal decompression completed on the same horse.
Although enterocentesis in normal horses causes increases in
white blood cells, degenerative neutrophils are not observed
as is more likely with intestinal ischaemia (Schumacher et al.
1985). If the caecum is compromised contamination may
create additional complications due to an inability of the
peritoneum to respond to the insult.

TABLE 1: Abdominal fluid nucleated cell count (×109 cells/l) and
specific gravity. Values from Schumacher et al. (1985)

Day of paracentesis

Mean (range)
nucleated
cell count

Mean ± s.d.
specific gravity

0 (enterocentesis) 2.6 (1.0–5.9) 1.015 ± 0.0090
1 58.7 (5.5–161.5) 1.021 ± 0.0030
2 113.3 (4.0–540.0) 1.020 ± 0.0030
3 34.3 (1.8–164.0) 1.016 ± 0.0017
4 8.7 (1.6–25.4) 1.017 ± 0.0016
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Abscess formation in the abdominal wall is a risk of the
procedure. The site should be monitored and ultrasound used
to evaluate any swelling pain as completed in the article by
Unger et al. (2014).

Caecal decompression has minimal risk when completed
as described (White and Edwards 1999; Moore and Hardy
2008). Benefits include relief of signs and increased opportunity
to examine the abdomen per rectum and with percutaneous
ultrasound. Although considered a safe procedure, careful
monitoring after caecal decompression is necessary to detect
possible complications.
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Summary
A perception exists amongst referring veterinarians and the lay
public that blue-eyed horses have increased frequency of
ocular disease. The aim of this retrospective study was to
assess the prevalence of ocular disease in horses with blue
or heterochromic eyes relative to those with brown eyes.
The medical records of horses presenting to either the
Comparative Ophthalmology services or Equine Medicine/
Surgery services at 2 institutions were reviewed. Signalment,
ocular and nonocular diagnoses were recorded. Ocular
disease was divided into 4 categories: adnexa, cornea,
intraocular/orbit and squamous cell carcinoma (SCC). Owners
were contacted by telephone to confirm iris colour.
Chi-square analysis was used to compare group proportions. A
total of 164 eyes of horses with ocular disease and 212 eyes of
horses without ocular disease were included. Blue eyes were
equally common in the ocular disease and nonocular disease
groups (P = 0.265). There was no significant difference in the
proportion of blue- and brown-eyed horses when comparing
the adnexal and corneal (P = 0.548), corneal and
intraocular/orbit (P = 0.379) and adnexal and intraocular/orbit
(P = 0.843) categories. A significant difference was detected in
the proportion of blue-eyed horses between the adnexal (P =
0.000), corneal (P = 0.033), intraocular/orbital (P = 0.000) and
SCC categories, with a higher proportion of blue-eyed horses
in the SCC than in the other 3 groups. Horses with blue or
heterochromic irides are more likely to develop ocular SCC
than horses with brown irides, but are not more likely to have
adnexal, corneal or intraocular/orbital disease or to be
presented for evaluation of ophthalmic disease. Veterinarians
should consider the results of this study when answering
questions from the lay public regarding the predisposition of
blue-eyed horses to ocular disease.

Introduction
Melanocytes, derived from embryonic cells of neural crest
origin, are found in the skin, hair, eye, inner ear and
leptomeninges and are responsible for pigmentation (Bellone
2010). The variation of coat colour primarily depends on the
amount and type of pigment granules in the melanocytes
(Toth et al. 2006). Coat and skin colour are intimately
associated with iris colour in horses. Structurally, the iris is
composed of melanocytes, vascular, muscular and neural
tissue, as well as a collagenous stroma. Iris colour is influenced
by the thickness, density and pigmentation of the anterior
melanocytic border layer of the iris, as well as the amount of
pigment present in the iridal stroma and posterior epithelium
(Crispin 2000). An increase in the density of iridal melanocytes
results in a nearly uniform dark brown iris colour (Crispin 2000).
Most solid colour horses have brown irides. In colour-dilute

horses such as Paints, Appaloosas and cremellos, the iris may
be blue or heterochromic (containing both blue and brown
areas) in colour due to a decrease in the density of iridal
melanocytes (Carastro 2004).

Coat colour can be associated with ocular disease.
Normal melanocyte migration and cell signalling are essential
for ocular development; lack of melanocytes or abnormally
programmed melanocytes may lead to a variety of
developmental ocular disease (Bellone 2010). Appaloosa
horses with a white spotting pattern known as leopard
complex are predisposed to congenital stationary night
blindness (CSNB) characterised by impaired vision in dim light
(Sandmeyer et al. 2007; Bellone 2010). Chocolate or silver
dapple coat colours in Rocky and Kentucky Mountain horses
and American miniatures are associated with multiple
congenital ocular anomaly (MCOA). This syndrome involves
potentially devastating ocular abnormalities including
temporal ciliary epithelial cysts, iridal hypoplasia,
macrocornea, focal temporal retinal degeneration related to
ciliary cysts and, rarely, retinal detachment (Ramsey et al.
1999; Grahn et al. 2008; Plummer and Ramsey 2011).

Amongst the general horse-owning public there exists the
perception that blue-eyed horses have a predisposition to
ophthalmic disease (Labelle 2012, 2013). To the authors’
knowledge, no relationship between iris colour and ocular
disease has been documented in horses. The purpose of this
study was to assess the prevalence of ocular disease in horses
with blue or heterochromic eyes relative to those with brown
eyes. We hypothesised that horses with blue or heterochromic
eyes would not have an increased prevalence of ophthalmic
disease.

Materials and methods
Medical records from the veterinary teaching hospitals at the
University of Illinois and University of Georgia Colleges of
Veterinary Medicine were retrospectively reviewed. Cases
presenting to the ophthalmology services or equine
surgery/internal medicine services at the 2 locations over a 5
month period (approximately 1 January 2013–1 June 2013)
were eligible for inclusion. Medical records were reviewed and
signalment, iris colour as well as final systemic and ophthalmic
diagnoses were recorded. Horses were then divided into 2
groups: horses with ophthalmic disease presenting to the
ophthalmology service and horses free of ophthalmic disease
presenting to the equine surgery/internal medicine service.
Horses free of ophthalmic disease were excluded if any
ophthalmic abnormality was detected during hospitalisation.

Ocular disease was classified into one of 4 categories:
adnexa, cornea, intraocular/orbit or squamous cell
carcinoma (SCC). For the purposes of this study, adnexal SCC
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was classified as SCC, not as adnexal disease. Types of
adnexal disease recorded included eyelid laceration and
nonSCC neoplasia. Corneal diseases recorded included all
ulcerative and nonulcerative keratitis. Intraocular diseases
recorded included equine recurrent uveitis, glaucoma,
cataract, intraocular neoplasia, orbital cellulitis and orbital
neoplasia.

If the colour of the irides were not photodocumented or
otherwise recorded in the medical record, the owner was
contacted via phone to confirm iris colour. Horses were
classified as having a blue eye if they had a blue or
heterochromic iris with any amount of blue. Horses were
classified as having a brown eye if they had a brown iris.

Statistical analyses
Data were analysed by use of Chi-square tests to compare the
prevalence of blue eyes in the ophthalmic disease and
nonophthalmic disease groups and the prevalence of the 4
categories of ocular disease between brown and blue eyes.
Pearson’s Chi-square was used when the expected cell counts
in a 2 x 2 contingency table were >10. Fisher’s exact test was
used when the expected cell counts in a 2 x 2 contingency
table were <5. Values of P<0.05 were considered significant.

Results
A total of 164 eyes of horses with ocular disease and 212 eyes
of horses without ocular disease were included (Table 1). Blue
eyes were equally common in the ocular and nonocular
disease groups (P = 0.265). There was no significant difference
in the proportion of blue and brown eyes when the adnexal
and corneal (P = 0.548), corneal and intraocular/orbit (P =
0.379) and adnexal and intraocular/orbit (P = 0.843)
categories were compared. A significant difference was
detected in the proportion of blue eyes between the adnexal
and SCC (P = 0.000), corneal and SCC (P = 0.033), and
intraocular/orbital and SCC (P = 0.000) categories, with a
higher proportion of blue eyes in the SCC group than in the
adnexal, corneal or intraocular/orbital groups (Table 2).

Discussion
This study represents the first retrospective documentation of
the prevalence of ophthalmic disease in blue-eyed horses. The
goal of this study was to assess whether ocular disease was

more prevalent in horses with blue or heterochromic irides than
their brown-eyed counterparts. Brown-eyed horses composed
the majority of our study population. Although coat colour was
not recorded as part of this study, the increased prevalence of
brown-eyed horses is presumed to be associated with the
subjective assessment that bay or chestnut-coloured horses
are overrepresented in the total number of patients seen at
each hospital.

The results of this study suggest blue-eyed horses are more
likely to develop ocular SCC but were no more likely than
brown-eyed horses to have other ophthalmic disease.
Blue-eyed horses are not any more likely to be presented for
evaluation of ocular disease than brown-eyed horses. To the
authors’ knowledge, no correlation has been previously
established between iris colour and SCC. It is important to note
that periocular skin colour was not recorded as part of this
study. Squamous cell carcinoma is the most common tumour
of the eye and adnexa in horses (Dugan et al. 1991). The
nictitating membrane and limbus are the most common
ocular sites, followed by the eyelid (Schwink 1987; Dugan et al.
1991). Breeds with the highest risk of developing SCC are those
lacking periocular pigmentation including Appaloosas,
American Paint horses and Quarter Horses (King et al. 1991;
Mosunic et al. 2004). Some draught breeds may be at a higher
risk associated with nonpigmented nictitating membranes,
despite having pigmented eyelids (Schwink 1987; Dugan et al.
1991). The close association between iris colour and periocular
pigmentation is the most likely explanation for why horses with
blue or heterochromic irides are more likely to develop
adnexal SCC. Further studies are necessary to evaluate the
relationship between these factors.

Increased exposure to UV light is also believed to be a risk
factor for the development of ocular and adnexal SCC in
light-coloured horses and those with nonpigmented skin
surfaces. Horses exposed to high intensity solar radiation for a
long duration have a high frequency of ocular and adnexal
SCC, regardless of coat colour (Dugan et al. 1991; Mosunic
et al. 2004). There is an increased prevalence of periocular
SCC in horses with an increase in longitude, altitude and mean
annual solar radiation (Dugan et al. 1991). Of the 8 blue-eyed
horses with SCC in this study, 2 were seen at the University of
Illinois (40.1130°N, 88.2612°W) and 6 were seen at the University
of Georgia (33.9500°N, 83.3833°W). Solar radiation of the
southeastern US may be a predisposing factor for SCC in those
horses lacking pigmentation (King et al. 1991). Larger studies
incorporating a greater number of sites could help illuminate
this question.

The results of this study can help equine practitioners
answer questions about the likelihood of a horse with blue eyes
developing ocular disease, particularly at the time of
prepurchase examination. Although the populations observed
(referral hospitals) may not reflect the horse population at
large, blue-eyed horses are no more likely to be presented for
veterinary evaluation of ocular disease than brown-eyed
horses. Blue-eyed horses do not seem more likely to develop
equine recurrent uveitis, the most common cause of blindness
in horses, than brown-eyed horses (Rebhun 1979). Given the
likelihood of the association between blue eyes, decreased
periocular pigmentation and SCC, practitioners should
counsel horse owners on UV exposure prevention practices.
Such strategies may include avoiding turnout during peak UV
light hours and the use of UV light blocking fly masks. This study
also emphasises the importance of a thorough ocular

TABLE 1: Total number and proportion of brown- and blue-eyed
horses with ophthalmic and nonophthalmic disease included in
study

Blue eyes Brown eyes Total

Ophthalmic disease 13 (7.9%) 151 (92.1%) 164
Nonophthalmic disease 22 (10.4%) 190 (89.6%) 212

TABLE 2: Number and proportion of brown- and blue-eyed horses
by ophthalmic disease category

Blue eyes Brown eyes Total

Adnexa 0 (0.0%) 7 (100%) 7
Cornea 3 (4.9%) 58 (95.1%) 61
Intraocular/orbit 2 (2.5%) 77 (97.5%) 79
SCC 8 (47.1%) 9 (52.9%) 17
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examination, performed by the equine practitioner, at the
time of prepurchase evaluation. Equine practitioners should
carefully evaluate for small and early stage SCC lesions in all
horses, particularly those with blue or heterochromic irides.
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Summary
Botulism is a syndrome of neuromuscular weakness caused by
the toxins of Clostridium botulinum. Whilst it can affect most
mammals, the horse appears to be one of the more
susceptible species. Intoxication can occur via ingestion of
preformed toxins in spoiled foodstuffs, ingestion of spores with
colonisation in the intestinal tract or the contamination of
wounds by C. botulinum. Food-borne botulism is the most
common worldwide, usually associated with spoiled
roughage. Both individual cases and outbreaks have been
reported, with generally a poor prognosis. Many affected
horses succumb to recumbency and death/euthanasia shortly
after onset of signs. Botulism should be considered a
differential diagnosis for any horse displaying dysphagia or
symmetrical neuromuscular weakness.

Aetiology, epidemiology and pathogenesis
Clostridium botulinum is a Gram-positive, spore-forming
anaerobe found ubiquitously in soil and organic matter. Whilst
the bacterium is not infectious, it produces potent neurotoxins,
of which there are 8 different serotypes – A, B, C1, C2, D, E, F
and G (Oguma et al. 1995).

Botulism cases may be classified either by the C. botulinum
serotype involved or by the route of contraction of the disease.
Most cases of equine botulism result from serotypes B and C
(Whitlock and McAdams 2006), although type A cases have
also been reported (Johnson et al. 2010). There is significant
geographical variation in serotype prevalence and
associated disease. Type B predominates in the mid-Atlantic
USA (Whitlock and McAdams 2006), whereas type A is more
common in the western USA (Johnson et al. 2010). Outbreaks
in Australia have been associated with serotype C and
serotype D (Kelly et al. 1984; Hutchins 1994).

Horses may acquire botulism via 3 routes; ingestion of
preformed toxin, toxicoinfectious botulism and wound
botulism (Whitlock and McAdams 2006). Ingestion of
preformed toxin in contaminated feed (‘forage poisoning’) is
the most common cause of botulism in the mature horse.
Individual cases and outbreaks have been reported following
ingestion of contaminated grain (Mitchell et al. 1939) and
most commonly, roughage (Kelly et al. 1984; Ricketts et al.
1984; Kinde et al. 1991; Wichtel and Whitlock 1991;
Gudmundsson 1997). The percentage of potentially exposed
individuals showing clinical signs of botulism in outbreaks has
varied from 9 to 100% (Johnson et al. 2010). This suggests that
differences in the proportion of forage affected and individual
horse immunity may be important determinants of disease
development. Whilst type A, B and C botulinum toxins have

been isolated from cases of forage poisoning, type B toxin
involvement is the most common (Whitlock and Buckley 1997).
Types A and B botulism usually result from direct proliferation of
C. botulinum and subsequent exotoxin production in
decaying vegetable matter (Whitlock and McAdams 2006).
C. botulinum growth, sporulation and toxin release occur most
readily in a neutral or alkaline environment. Poorly ensiled
haylage and silage with a high moisture content and alkaline
pH (pH>4.5) therefore provide optimal conditions for toxin
production (Whitlock and Buckley 1997). In addition, storage
of hay in large plastic bags may increase the risk of
C. botulinum proliferation secondary to spoilage of the hay, if
the integrity of the plastic is compromised (Broughton and
Parsons 1985). In contrast, C. botulinum type C-related
botulism is usually associated with forage contamination from
an external source such as leaching of C. botulinum spores
from the gastrointestinal tract of diseased carrion (Kinde et al.
1991). ‘Toxicoinfectious botulism’ occurs in foals following
ingestion of C. botulinum spores that later germinate within the
immature gastrointestinal tract and produce toxin (Swerczek
1980). It is most commonly seen in the Mid-Atlantic States,
usually associated with C. botulinum type B (Semrad and Peek
2002). Finally and rarely, ‘wound botulism’ can occur through
C. botulinum contamination of anaerobic wounds, with
subsequent bacterial growth and toxin release (Bernard et al.
1987; Mitten et al. 1994).

Considering the higher prevalence and worldwide
distribution of botulism cases resulting from ‘forage-poisoning’,
this will be the main focus of this article.

Mechanism of action of botulinum toxin
Botulinum toxin acts primarily presynaptically at the peripheral
cholinergic neuromuscular junction, blocking the release of
the neurotransmitter acetylcholine (ACh). Such neuromuscular
blockade occurs in 3 stages: rapid irreversible binding of the
toxin to receptors on the presynaptic nerve terminal;
internalisation involving receptor-mediated endocytosis of
toxin; and a final blocking step preventing release of ACh from
the vesicle resulting in flaccid paralysis (Hambleton 1992).
Binding of toxin to the motor end plate is irreversible, therefore
regeneration of new end plate receptor proteins is required for
improved neuromuscular function, explaining the common
delay of 4–10 days before clinical improvement begins, even
after provision of antitoxin (Whitlock and Buckley 1997). Nerves
with high efferent traffic such as cranial nerves and those
supplying the antigravity (extensor) muscles are often the
earliest and most prominently affected, explaining the
resulting anatomical distribution of clinical signs. However,
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the neurotoxins do not affect the central nervous system or
sensory nerves, facilitating differentiation from many other
neurological diseases.

Clinical signs
Botulism manifests as symmetrical, generalised neuromuscular
weakness and accompanying cranial nerve paresis,
progressing to generalised flaccid paralysis. In the early stages
of disease, astute horse owners will sometimes report a change
in their horse’s demeanour (signs of ‘depression’), apparent
difficulty or slowness in eating or swallowing and exercise
intolerance. Increased time to finish a feed or overt dysphagia
and a reduction in tongue tone are considered the most
consistent clinical signs, accompanied by reduced anal
tone (Fig 4), mydriasis (Fig 3), muscle fasciculations and
myasthenia (Marr 1999).

The first clinical signs may be observed from 12 h to 10 days
following toxin ingestion, with the onset and magnitude of
such signs being toxin dose-dependent. Whilst most clinical
signs are similar regardless of the inciting serotype, some subtle
differences have been reported (see Table 1).

Vital signs are usually normal in the early stage of the
disease, but variable tachycardia and tachypnoea may result
following frequent attempts of a recumbent horse to rise (Fig 5)
or after exercise. Secondary clinical signs such as aspiration
pneumonia, urinary retention and corneal and decubital
ulceration may result from dysphagia, difficulty posturing to
urinate and recumbency respectively.

Clinical signs are similar in foals with toxicoinfectious
botulism, with the most common signs noted initially being
nasal return of milk, difficulty keeping up with the mare and
significant muscle tremor: hence the term ‘shaker foal
syndrome’ (Bernard 1997).

Investigation

History
A thorough history is required to determine feeding regimens
and potential exposure to any other toxins. Determination of
vaccination status, particularly against C. botulinum type B
and against differential diagnoses such as West Nile virus and
equine herpesvirus will guide clinical decision-making. In
addition, knowledge of whether this is an isolated case or part
of an outbreak will further refine a differential diagnosis. Also,
detailed questioning regarding general management of the
horse(s) such as pasture access and feeding practices is
important in terms of facilitating differentiation of botulism from
other possible diagnoses including equine dysautonomia
(equine grass sickness [EGS]).

Clinical examination
The clinical examination should investigate all body systems
and should be thorough and systematic before focusing on
key systems such as the nervous system. The clinical signs
commonly observed in equine botulism are summarised in
Table 1. As botulism is largely a clinical diagnosis, careful
attention should be paid to abnormalities of other body
systems that are not consistent with the neuromuscular
paralytic syndrome of botulism. For example, EGS cases will
have some degree of overlap in clinical presentation with
botulism (Table 2) but the gastrointestinal signs are potentially
more significant and severe. However, in botulism cases there
may be a degree of ileus (functional inhibition of bowel
motility) that may be due to a reduction in gut fill due to
dysphagia, or to autonomic nervous system, anticholinergic
effects of botulinum toxins. Secondary respiratory clinical signs
resulting from the neurological insult in botulism such as
aspiration pneumonia should be closely investigated. In

TABLE 1: Clinical signs observed in botulism cases and reported serotype differences

Clinical sign Serotype differences

Signs of slight ‘depression’
Reduced tongue tone, strength and slow retraction (Fig 1) Lingual paresis not apparent in one type B outbreaka

Dysphagia (Fig 2) Absent in a type C outbreak in Californiab but present in other
type C cases (natural and experimental)c

Mydriasis (Fig 3) Earlier and more prominent with type C than either types A or Bd

Reduced eyelid tone ± mild ptosis
Sluggish pupillary light response
Reduced palpebral reflex
Reduced anal tone (Fig 4)
Reduced tail tone
Reduced exercise tolerance
Gait change: stiff/stilted/shuffling/dragging toes, short strides
Generalised myasthenia (muscle weakness)
Inability to lift head and lowered head carriage Specific to type C. Significant secondary head and muzzle

oedema may resultd

Muscle tremor (e.g. triceps, flank)
Prominent atrophy of supraspinatus and gluteal muscles Only reported in type C outbreak in Californiab

Colic (ileus and gas accumulation in the large colon)
Recumbency (Fig 5)
Respiratory distress when recumbent or if diaphragmatic muscle

compromise
Type C: normal or reduced respiratory rate, exaggerated

expiratory effort with a prolonged abdominal liftd

Sudden death

a Wichtel and Whitlock 1991; b Kinde et al. 1991; c MacKay and Berkhoff 1982, Heath et al. 1990; Whitlock 1990; d Whitlock 1996, Whitlock
and McAdams 2006.
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addition, attention should be paid to the urinary system in case
secondary urinary retention leads to cystitis.

Neurological examination
Clearly, a thorough neurological examination should be
performed in any horse showing signs of neurological disease.
This should include evaluation of mentation, cranial nerve
function, gait analysis and other reflex activity. In botulism
cases, the central nervous system is unaffected, so horses
should be reasonably bright and alert, with no significant
changes in mentation. By contrast, all bodily motion can be
diminished resulting in a quiet, even somnolent demeanour.
Peripheral nerve dysfunctions and gait abnormalities observed

in botulism cases are detailed in Table 1 and should be
individually investigated.

Particularly characteristic signs of equine botulism include
reduced tongue tone (Fig 1) and difficulties in tongue
retraction. Along with reduced masseter and pharyngeal
muscle tone, this is associated with increased time to
complete a feed, reduced noise of chewing and ultimately
results in poor prehension of food and dysphagia, with an
inability to swallow hay, or in severe cases gruel or water
(Fig 2). It is unclear why the tongue seems particularly affected
in some, but not all, cases of botulism. This may result from a
predilection for C. botulinum toxin to affect nerves with high
efferent traffic and/or a bulbar preference for neuronal

TABLE 2: Historical and clinical differentiating features between botulism and other common diseases presenting with diffuse lower motor
neuron deficits including tetraparesis to tetraplegia. * = if indicated or available

Differential diagnosis Clinical similarities

Clinical and historical differentiating features

Antemortem diagnostic
tests

In the differential
diagnosis In botulism

Equine grass sickness Salivation
Dysphagia
Ptosis
Muscle tremor
‘Tucked up’ abdomen
Narrow-based stance
Colic

Rhinitis sicca
Patchy sweating
Tachycardia

Tongue paresis/paralysis
Access to big bale silage
Profound myasthenia
Mydriasis

Phenylephrine eye drop
test

Ileal biopsy at exploratory
laparotomy*

Equine motor neuron
disease

Muscle tremor
Increased recumbency
Weakness
Narrow-based stance
Weight loss

Gait usually unchanged
(‘move better than
they stand’)

Normal/increased
appetite

Elevated tail head
Lack of cranial nerve

dysfunction
± fundic lesions

Dysphagia Serum vitamin E
concentration

Sacrocaudalis dorsalis
medialis muscle biopsy

Fundic evaluation
Electroretinography*

Equine herpes virus-1
myeloencephalopathy

Marked paresis
Decreased tail tone
± tongue/pharyngeal

weakness (rare)

Often follows respiratory
disease

More than one
horse/group often
affected

Bladder dysfunction,
dribbling urine

Pelvic > thoracic limb
involvement

Can void urine (if
standing)

Virus isolation:
nasopharyngeal swab
or blood buffy coat

Rising serum antibody titre
(acute vs.
convalescent)

Cerebrospinal fluid:
xanthochromia and
increased total protein

West Nile virus Tongue paresis/paralysis
Weakness
Muscle tremors
Recumbency

Ataxia
± pyrexia
± drooping lip
± teeth grinding
± blindness

Serum –
Haemagglutination
Inhibition,
enzyme-linked
immunosorbent assay,
plaque-reduction
neutralisation

Hyperkalaemic periodic
paralysis

Muscle tremor
Weakness
Recumbency

Young adult quarter
horses and related
breeds

Often associated with
stress or exercise

Dysphagia Hyperkalaemic during
attack

cDNA probe for genetic
trait

Atypical
myopathy/seasonal
pasture myopathy

Muscle weakness
Tachypnoea/dyspnoea

distress
Recumbency
Sudden death
Often outbreaks
Colder months

Severe reluctance to
move, stiff/short strides

Myoglobinuria
Exposure to Box elder,

sycamore/sycamore
maple seeds

Dysphagia Markedly elevated serum
creatine kinase,
aspartate
aminotransferase
(sample often required
dilution prior to analysis)

Gross urinalysis
(myoglobinuria)
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uptake of C. botulinum toxin. Specific tests of tongue tone and
dysphagia have been described that may aid diagnosis
(Whitlock and Buckley 1997): 1) ‘Tongue pull/retraction’ –
gently pull the tongue away from the commissure of the lips.
Most normal horses will retract the tongue rapidly, whereas in
botulism cases the tongue is held easily, without significant
resistance and is very slowly or incompletely retracted. 2)
‘Grain test’ – feed the horse 250 ml of grain and closely
observe. Normal horses should consume this volume in less
than 2 min. Horses with botulism will take much longer, often
with accompanying quiet chewing sounds, excessive
salivation and evidence of grain falling from the mouth.

However, these tests, in particular the grain test, should be
used judiciously, on a case-by-case basis, taking into
consideration the number of horses affected, and the
prevalence of other differential diagnoses in that
geographical area. For example, in Scotland where the
prevalence of EGS exceeds that of botulism, both these tests
should be performed to prevent misleading results because,
whilst chronic EGS cases are very slow to consume grain, they
do not have accompanying reductions in tongue tone. In
addition, it is important to note that caution should be
adopted in performing feeding challenges in profoundly
dysphagic animals.

The generalised myasthenia observed in early botulism
cases is both symmetrical and progressive. Early cases, or less
severely affected cases, that have not progressed to
recumbency may show reluctance to exercise, a short-striding
gait and muscle fasciculations, particularly in the tricep and
gluteal regions. Such muscle fasciculations are significantly
worsened after prolonged elevation of the contralateral limb.
Indeed, botulism cases will quickly resent a limb being held up
and this can be a differentiating feature from EGS cases,
which seem to tolerate this process well. In addition, muscle
fasciculations may be present in EGS cases when they are
recumbent, which tends not to occur with botulism. Although
a thorough neurological examination, including evaluation of
gait and tail pull, is extremely useful in botulism cases, caution
should be adopted so as not to over-exert the case, which can
definitely exacerbate the neuromuscular weakness and result
in even more rapid progress of signs.

Fig 1: Reduced tongue tone: tongue easily pulled away from
commissures of the lips.

a)

b)

c)

Fig 2: Evidence of dysphagia: (a) dropping haylage from mouth,
(b) bilateral nasal return of saliva and ingesta (c) difficulty in
coping with fluids (note also the mydriasis).
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Haematology and biochemistry
Results of routine haematological and blood biochemical
testing are generally unremarkable in early cases, with
moderate elevations in muscle enzymes later accompanying
increasing recumbency.

Differential diagnoses
Clearly the differential diagnoses for botulism vary, dependent
upon geographical differences in the endemic nature of
certain viruses and potential exposure to various indigenous
toxic plants. However, considering the increase in global
disease transmission, emerging or exotic diseases should still be
considered. In addition, subtle serotype and therefore
geographical differences in the clinical presenting signs for
botulism have been described (e.g. varying degrees of
tongue signs, dysphagia, mydriasis) and should be considered
when evaluating a suspected botulism case (Table 1).

In the very early stages of disease, if signs of mild
somnolence, dysphagia and other cranial nerve deficits are
present in the absence of generalised myasthenia, differential
diagnoses to be considered should include guttural pouch
mycosis, hepatoencepalopathy and polyneuritis equi. These

diseases can be ruled out based on endoscopy, lack of
changes in mentation, elevated blood hepatobiliary
parameters, and cerebrospinal fluid changes respectively. In
addition, generalised myasthenia is not observed in any of
these 3 diseases at any stage, unlike the flaccid paralysis that
becomes a key feature as signs of botulism progress.

Other causes of obtundation and tongue paresis/paralysis
in the UK include equine protozoal myeloencephalitis (if the
horse has a history of having been in the Americas),
leukoencephalomalacia, nigropallidal encephalomalacia
and listeriosis. However, in general these diseases are often, but
not always, associated with asymmetric, multifocal
neurological disease.

The main differential diagnoses for most botulism cases are
those diseases presenting with diffuse lower motor neuron
deficits comprising tetraparesis to tetraplegia, including EGS,
equine motor neuron disease, West Nile virus, atypical
myopathy/seasonal pasture myopathy (hypoglycin A
toxicosis) and hyperkalaemic periodic paralysis. In particular,
equine herpesvirus-1 myeloencephalopathy, which may also
result in recumbency in multiple cases, must be ruled out. The
historical and clinical similarities and differentiating features of
these various diseases are outlined in Table 2. Note that whilst
this table includes the common differential diagnoses, it is not
exhaustive and other syndromes may be considered.

Viral encephalidides
Rabies and the many equine viral encephalitides should be
considered in regions where these diseases are endemic.

Toxic diseases
Exposure to various toxic agents and plants such as lead,
ionophores (e.g. monensin, salinomycin), organophosphates,
organochlorines, yew and yellow star thistle must also be
considered. In general, a history of exposure, presence of
other clinical signs often including ataxia and gastrointestinal
disturbances will aid in making such other diagnoses. In
addition, analysis of blood lead concentrations and feed can
be performed. Other insults involving toxins can also be
considered. For instance, signs of symmetrical, ascending
lower motor neuron paralysis have recently been reported in
Australia secondary to presumed tick envenomation (Ruppin
et al. 2012).

Fig 3: Mydriasis.

Fig 4: Reduced anal tone. Note that this degree of anal dilatation is
unusual.

Fig 5: Recumbency. Note the disturbed bedding due to frequent
failed attempts to stand.
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Electrolyte imbalance
Hypocalcaemia can also result in muscle tremor, weakness
and dysphagia, but may be easily ruled out based on history
(e.g. late pregnancy or current lactation, recent high level
exercise), other clinical signs (e.g. synchronous diaphragmatic
flutter, ‘thumps’) and serum ionised calcium concentration.

Young foals
In young foals (generally age <2 months), white muscle
disease (WMD) must also be considered. WMD results in
progressive skeletal muscle weakness, and hypoventilation
when respiratory muscles are affected. These foals are
occasionally dysphagic with some having tongue muscle
involvement. However, unlike botulism cases, palpably swollen
and painful muscles are present, for example at the tail base.
White muscle disease can be differentiated from botulism
based on the presence of substantially elevated serum muscle
enzyme activity, electrolyte derangements, myoglobinuria,
low serum vitamin E, low serum or tissue selenium
concentrations, and reduced blood glutathione peroxidase.

Definitive diagnosis: laboratory testing
A presumptive diagnosis of botulism can be made based on a
characteristic history, clinical signs of dysphagia, reduced
tongue tone and generalised myasthenia progressing to
recumbency, with appropriate consideration and exclusion of
common differential diagnoses (Whitlock and Buckley 1997).

However, obtaining a definitive diagnosis is extremely
difficult. Laboratory support for diagnosis requires
demonstration of: 1) preformed toxin; 2) spores; or 3) an
antibody response. There are limited laboratory tests available
to the equine practitioner, especially in the UK.

The most sensitive, although less acceptable, test for
botulinum toxin is the mouse bioassay (MBA). The MBA involves
intraperitoneal inoculation of 2 mice with plasma/serum or
other sample (intestinal contents, wound exudate etc.) from a
suspect case. If signs of neuroparalysis arise, 4 further mice are
inoculated with the sample, with 2 also receiving multivalent
antitoxin. If protection is demonstrated using antitoxin, botulism
is confirmed, and the serotype may be determined. Some
laboratories will also perform the MBA on enriched samples.
Enrichment allows any spores present in the original sample to
germinate and produce neurotoxin.

Quantititative real-time polymerase chain reaction for
detection of the neurotoxin gene of C. botulinum type B has
since been developed, showing improved sensitivity but lower
specificity than the MBA using equine and bovine samples
(Johnson et al. 2012). The University of Pennsylvania has
recently expanded this technology with encouraging results,
offering polymerase chain reaction tests for types A/B and C,
which will facilitate a more rapid laboratory diagnosis. There is,
however, a caveat in that this test detects the neurotoxin gene
rather than the biologically active neurotoxin. This means that
the test can reduce, but perhaps not entirely replace, the use
of the confirmatory MBA (Johnson 2013). Type C and D
botulinum toxins can also be detected via enzyme-linked
immunosorbent assay although both the specificity and
sensitivity of this test are lower than the MBA, and some
cross-reactivity with Clostridium novyi type A is observed
(Thomas 1991).

Demonstration of C. botulinum spores in feed recently
consumed by affected horses, provides good circumstantial

evidence of the disease. However, a positive result is relatively
infrequent, as only a minute amount of contaminated feed is
required to produce clinical signs, and the rest of the hay bale
for example may be unaffected (Marr 1999). Alternatively,
demonstration of spores in gastrointestinal contents from
affected horses is highly supportive, as botulism spores are
rarely found in healthy horses (Whitlock and Buckley 1997).
However, C. botulinum is difficult and time-consuming to
culture. Only 30% of clinically affected mature horses tested
positive by C. botulinum culture, based on collection of 3
faecal samples/day, on 3 consecutive days (Whitlock and
McAdams 2006). Finally, serum antibodies have been
detected in affected cattle, but this test is not routinely
available for horses (Main and Gregory 1996).

Needle electromyography appears to have been of some
diagnostic use in foals (Aleman et al. 2011) but less so in
mature horses (Mayhew 2008).

Even where available, the time required to conduct the
majority of the aforementioned tests produces a significant lag
period before a result is produced, thereby often rendering
them of little use in influencing a clinical diagnosis or directing
treatment protocols. However, they may be indicated in large
outbreaks where determination of the serotype involved can
guide specific monovalent antitoxin and/or toxoid
administration.

Treatment options
An early presumptive diagnosis accompanied by appropriate
therapy is required. Immediate stable confinement of
suspected cases is essential to restrict muscular exertion and
thereby prevent further depletion of ACh. Access to any
suspected contaminated feed material should be
immediately stopped.

Antitoxin
The initial aim of therapy is early neutralisation of circulating
toxin prior to neuronal binding and internalisation. This is
attempted by early intravenous administration of toxin-specific
antitoxin in countries where antitoxin is commercially
available. Although commercially available in the USA,
antitoxin is currently not available in the UK and many other
countries. Note that treatment with antitoxin will not reverse
any existing clinical signs, and that disease progression may still
occur despite administration whilst bound toxin is internalised
at the motor end plate. Early administration of antitoxin prior to
toxin translocation into cells is therefore essential. Antitoxin
administration has significantly improved the prognosis of
botulism cases. Prior to the availability of antitoxin, mortality
rates near 90% were reported in some outbreaks, whereas
early administration of antitoxin to mature horses prior to
recumbency has resulted in nearly 70% affected horses
surviving (Whitlock 1990). Similarly, an improvement in survival
rates from 23% to 66% following temporary availability of
antitoxin in the UK was reported (Marr 1999).

If the disease is mild and only slowly progressive, survival
without antitoxin is possible (Whitlock and Buckley 1997).
Treatment without antitoxin may therefore be attempted,
particularly those cases identified prior to the onset of
recumbency.

Administration of antitoxin to exposed asymptomatic
animals during an outbreak has been proposed (Hutchins
1994). However, the availability of antitoxin, the botulinum-type
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specificity and lack of serotype cross-protection of the
antitoxin, and also the significant cost implications, limit this
approach. Some authors also describe the use of vaccination
in the face of outbreaks and indeed during or after recovery,
since the disease itself may not lead to the development of
protective immunity (Whitlock and McAdams 2006; Johnson
2013). However, the same considerations with regard to
botulinum-type specificity and lack of cross-protection will
apply.

Chemotherapy
Antimicrobial drugs may be required if secondary aspiration
pneumonia is suspected. However, it has been suggested
that aminoglycoside, tetracycline and procaine-based
antimicrobial drugs may exacerbate neuromuscular
blockade, thereby worsening clinical signs and probably
should be avoided (Mayhew and MacKay 1982).

Gastrointestinal cathartics or laxatives such as mineral oil
may aid removal of any toxin still present in the gastrointestinal
tract, and should help prevent impaction secondary to
reduced gastrointestinal tract motility and reduced water
intake.

Supportive care
Supply of deep, soft bedding, bandaging of distal limbs and
frequent turning of recumbent cases are required to prevent
decubital ulcers and muscle necrosis. In addition, ocular
lubricants should be applied regularly to prevent exposure
keratitis secondary to the reduced eyelid tone and the effects
of recumbency. Attempting to maintain cases in sternal
recumbency should improve respiratory dynamics.
Mechanical ventilation can be performed in severely affected
cases with respiratory paralysis, but this is clearly much easier to
implement in foals than in mature horses. Regular urinary
catheterisation of recumbent males may be required to help
prevent secondary cystitis.

In cases with prominent dysphagia, additional enteral
(high protein slurry via nasogastric tube) or parenteral nutrition
may be required. Enteral feeding should be provided whilst the
horse is either standing or is positioned in sternal recumbency
to aid gastric emptying and prevent secondary aspiration.
Mature horses may be supported with a sling, dependent
upon patient acceptance and on availability of this resource,
as well as experience in its use. This approach may be most
indicated when antitoxin is available to provide support until
clinical benefits are observed.

Clearly, recumbent foals may be managed much more
successfully than mature horses. Foals may be fed a milk diet
little and often via an indwelling nasogastric tube. However,
care must be taken not to overfeed, resulting in potential
gastric distension, ileus, colic and diarrhoea.

Prognosis
The prognosis is associated with the severity of clinical signs,
the rapidity of their onset and progression, or not, to
recumbency (Whitlock 1990). The prognosis for standing horses
receiving antitoxin is good (Kinde et al. 1991; Whitlock 1996),
but is significantly reduced without provision of antitoxin
(Mayhew 1996). Whilst some minimally affected horses may
survive without specific treatment (Whitlock 1996), the
prognosis for recovery after over 24 h recumbency is extremely
guarded (Whitlock and Buckley 1997). Recovery is dependent

upon synthesis of new motor end plates, but is considered to
be complete in survivors (Kinde et al. 1991).

Prevention
Vaccination against type B toxicoinfectious botulism is
available in the USA (BotVaxB1) comprising 3 doses at monthly
intervals, followed by annual boosters. Pregnant mares may
receive a booster dose in their third trimester to facilitate
colostral transfer of antibodies to their foals. At-risk foals may
also be vaccinated from age 2 weeks. It is important to note
that this vaccine is only raised against type B botulism.
Accordingly, it may be useful in areas with known/suspected
incidence of this type of botulism but will not offer protection
against other types such as types A and C.

Avoidance of silage feeding (Whitlock 1996) or better
evaluation of silage prior to feeding to ensure only high quality
silage, with low pH, high dry matter content, no obvious
spoilage and intact plastic wrapping, is being used (Ricketts
et al. 1984), should reduce the incidence of forage-poisoning.
Note that due to the sporadic incidence of botulism
worldwide, the authors are not advocating complete
avoidance of silage and haylage, particularly when
considering their known benefits for horses with allergic
respiratory disease. However, improved critical evaluation of
silage and haylage prior to feeding is recommended.

In conclusion, whilst the prevalence and presentation of
botulism varies worldwide, it should be considered as a
differential diagnosis for any horse displaying dysphagia and
neuromuscular weakness. Early diagnosis and appropriate
therapeutic intervention will improve case outcome.
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For subcutaneous injection in the posterior aspect of the ear where it attaches to 
the head (base of the ear) in lactating dairy cattle. For subcutaneous injection in 
the middle third of the posterior aspect of the ear or in the posterior aspect of the 
ear where it attaches to the head (base of the ear) in beef and non-lactating dairy 
cattle. Not for use in calves to be processed for veal.

CAUTION
Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.

INDICATIONS
EXCEDE Sterile Suspension is indicated for treatment of bovine respiratory disease 
(BRD, shipping fever, pneumonia) associated with Mannheimia haemolytica, Pasteurella 
multocida, and Histophilus somni in beef, non-lactating dairy, and lactating dairy cattle.

EXCEDE Sterile Suspension is also indicated for the control of respiratory disease in beef 
and non-lactating dairy cattle which are at high risk of developing BRD associated with 
M. haemolytica, P. multocida, and H. somni.

EXCEDE Sterile Suspension is also indicated for the treatment of bovine foot rot 
(interdigital necrobacillosis) associated with Fusobacterium necrophorum and 
Porphyromonas levii in beef, non-lactating dairy, and lactating dairy cattle.

EXCEDE Sterile Suspension is also indicated for treatment of acute metritis (0-10 days 
postpartum) associated with bacterial organisms susceptible to ceftiofur in lactating 
dairy cattle.

CONTRAINDICATIONS
As with all drugs, the use of EXCEDE Sterile Suspension is contraindicated in animals 
pre viously found to be hypersensitive to the drug.

WARNINGS
FOR USE IN ANIMALS ONLY. NOT FOR HUMAN USE.
KEEP OUT OF REACH OF CHILDREN.
Penicillins and cephalosporins can cause allergic reactions in sensitized individuals. 

Topical exposures to such antimicrobials, including ceftiofur, may elicit mild to severe 
allergic reactions in some individuals. Repeated or prolonged exposure may lead to 
sensitization. Avoid direct contact of the product with the skin, eyes, mouth and clothing. 
Sensitization of the skin may be avoided by wearing protective gloves.

Persons with a known hypersensitivity to penicillin or cephalosporins should avoid 
exposure to this product.

In case of accidental eye exposure, flush with water for 15 minutes. In case of accidental 
skin exposure, wash with soap and water. Remove contaminated clothing. If allergic 
reaction occurs (e.g., skin rash, hives, difficult breathing), seek medical attention.

The material safety data sheet contains more detailed occupational safety information. 
To obtain a material safety data sheet please call 1-800-733-5500. To report any 
adverse event please call 1-800-366-5288.

Intra-arterial injection may occur during administration of EXCEDE Sterile Suspension 
via middle third of the ear injection or base of the ear injection directed toward the 
opposite eye. Intra-arterial injection of EXCEDE Sterile Suspension is likely to result in 
sudden death of the animal.

RESIDUE WARNINGS

a 13-day pre-slaughter withdrawal period is required after 
the last treatment.

no milk discard period is required for this product.

BW or administration by unap proved routes (subcutaneous 
injection in the neck or intramuscular injection) may cause 
violative residues.

in pre-ruminating calves.

PRECAUTIONS
Following subcutaneous injection in the middle third of the posterior aspect of the ear, 
thickening and swelling (characterized by aseptic cellular infiltrate) of the ear may 
occur. As with other parenteral injections, localized post-injection bacterial infections 
may result in abscess formation. Attention to hygienic procedures can minimize their 
occurrence.

Following injection at the posterior aspect of the ear where it attaches to the head (base 
of the ear), areas of discoloration and signs of inflammation may persist at least 13 
days post administration resulting in trim loss of edible tissue at slaughter. Injection of 
volumes greater than 20 mL, in the middle third of the ear, may result in open draining 
lesions in a small percentage of cattle. 

The effects of ceftiofur on bovine reproductive performance, pregnancy, and lactation 
have not been determined.

ADVERSE EFFECTS
Intra-arterial injection may occur during administration of EXCEDE Sterile Suspension via 
middle third of the ear injection or base of the ear injection directed toward the opposite 
eye. Intra-arterial injection of EXCEDE Sterile Suspension is likely to result in sudden 
death of the animal. During the conduct of clinical studies, there was a low incidence 
of acute death (see ANIMAL SAFETY) confirmed to be the result of inadvertent intra-
arterial injection. No other adverse systemic effects were noted for either the antibiotic or 
formulation during any of the clinical and target animal safety studies.

STORAGE CONDITIONS
Store at controlled room temperature 20° to 25°C (68° to 77°F). Shake well before using. 
Contents should be used within 12 weeks after the first dose is removed.

HOW SUPPLIED
EXCEDE Sterile Suspension is available in the following package sizes:
100 mL vial
250 mL vial

NADA #141-209, Approved by FDA
www.EXCEDE.com or call 1-866-387-2287

Revised December 2011 EXD12041

Distributed by
Pharmacia & Upjohn Company
Division of Pfizer Inc, NY, NY 10017

http://www.EXCEDE.com


Important Safety Information: The use of EXCEDE is contraindicated in animals with known allergy to ceftiofur or to 
the β-lactam group (penicillins and cephalosporins) of antimicrobials. Do not use EXCEDE in horses intended for human 
consumption. The administration of antimicrobials in horses under conditions of stress may be associated with diarrhea, 
which may require appropriate veterinary therapy. Though safe in cattle when properly administered, inadvertent 
intra-arterial injection is possible and fatal. EXCEDE has a pre-slaughter withdrawal time of 13 days in cattle. Do not use 
in calves to be processed for veal. For complete details, refer to the full prescribing information, or visit excede.com.

Treat him right the fi rst time with EXCEDE® — the only 2-treatment solution.
Just because the symptoms have gone, it doesn’t mean the infection has. Fortunately, EXCEDE® (ceftiofur 
crystalline free acid) Sterile Suspension off ers an eff ective, less complicated approach. No more 10-dose 
treatments. No more hoping you didn’t miss a day. And no more fi ghting to administer for 10 straight days. 
Talk to your veterinarian, and discover the only FDA-approved 2-treatment solution. excede.com/equine

Join our community 

/eqstable 

EQStable™ available in
the Apple® App Store®

All trademarks are the property of Zoetis Inc., its affi  liates and/or its licensors. All other trademarks are the property
of their respective owners. ©2013 Zoetis Inc. All rights reserved. EQB13087

ARE NEVER
THIS EASY TO SPOT

RESPIRATORY INFECTIONS
HALF-TREATED

http://www.EXCEDE.com
http://www.excede.com/equine
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The American Association of Equine Practitioners Foundation is leading the charge against laminitis 
through a series of research studies known as The Laminitis Research Project. Our goal is to uncover new 
information to help more veterinarians diagnose, prevent and successfully treat horses with laminitis.

Help horses with your case data submissions or a donation

U.S. and Canadian practitioners can contribute to furthering research by sharing information from eligible 
laminitic and control horses with our research team.  In addition, gifts to the Foundation designated for 
laminitis research will bring us closer to solving the mysteries of the disease.  For more information about 
joining the cause, visit:  www.aaepfoundation.org.

AAEP Foundation  |  4075 Iron Works Parkway  |  Lexington, KY 40511

Unraveling the mysteries. 
Disarming the disease. 

T H E  L A M I N I T I S  R E S E A R C H  P R O J E C T

Thanks to our first study supporters: 

http://www.aaepfoundation.org


Wellness visits
have been upgraded from “suggested” to

REQUIRED

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

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

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

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

http://www.SmartPak.com/ColiCareDVM
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Back to work with the 
gold standard in 

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

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

VersaTronShockwave.com

RECEIVE 
$1,000 OFF 

LOWEST PRICE 
WHEN YOU 
MENTION 

THIS EVE AD

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

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

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

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

ASK FOR 

THE VERSATRON 

BY NAME 

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

