
American Edition  |  May 2014

in this issue:

The official journal of the  
American Association of  
Equine Practitioners, produced  
in partnership with BEVA.

veterinary
equine

education

Public Policy: Uniform medication regulations in horse racing

Septic funiculitis caused by Streptococcus equi subspecies equi infection with associated 
immune-mediated haemolytic anaemia

Effects of abdominocentesis technique on peritoneal fluid and clinical variables in horses

Photo by AAEP member Dr. Hank Greenwald



 
NO GENERIC
ADEQUAN®

Get the facts at
www.nogenericadequan.com

There is

BRIEF SUMMARY : 

Adequan® i.m.: For the intramuscular treatment of non-infectious degenerative and/or traumatic joint dysfunction and associated 
lameness of the carpal and hock joints in horses. There are no known contraindications to the use of intramuscular Adequan® i.m. 
brand Polysulfated Glycosaminoglycan in horses. Studies have not been conducted to establish safety in breeding horses. Each 5 
mL contains 500 mg Polysulfated Glycosaminoglycan. WARNING: Do not use in horses intended for human consumption. Not for 
use in humans. Keep this and all medications out of the reach of children. Caution: Federal law restricts this drug to use by or on 
the order of a licensed veterinarian. 

Adequan® I.A.: For the intra-articular treatment of non-infectious degenerative and/or traumatic joint dysfunction and associated 
lameness of the carpal joint in horses. Inflammatory joint reactions and septic arthritis have been reported following administration 
of Adequan® I.A. Joint sepsis, a rare but potentially life threatening complication, can occur after intra-articular injection. Use only 
in the carpal joint of horses. Each 1 mL contains 250 mg Polysulfated Glycosaminoglycan. WARNING: Do not use in horses 
intended for human consumption. Keep this and all medications out of the reach of children. Caution: Federal law restricts this 
drug to use by or on the order of a licensed veterinarian. 

SEE PRODUCT PACKAGE INSERTS FOR FULL PRESCRIBING INFORMATION. Adequan® is a registered trademark of Luitpold 
Pharmaceuticals, Inc. ©LUITPOLD PHARMACEUTICALS, INC., Animal Health Division, Shirley, NY 11967. AHD 010, Rev. 1/2014



c o n t e n t s

American Edition

Public Policy: Uniform medication regulations in horse racing .............................................. III

Give your youngest patients a healthy start at September Focus meeting .............................. V

Crowdfunded equine research campaign raises more than just money .................................VI

S. WRIGHT ...........................................................................................................................225

Septic funiculitis caused by Streptococcus equi subspecies equi infection 
with associated immune-mediated haemolytic anaemia 
C. J. CANIGLIA, J. L. DAVIS, H. C. SCHOTT, III and J. E. BRAKENHOFF .....................227

Ascites in a 13-year-old miniature horse mare with an ovarian granulosa 
theca-cell tumour: A manifestation of Meigs’ syndrome? 
R. C. HECTOR and A. M. CRUZ ........................................................................................237

An ultimobranchial thyroid cyst in a horse 
S. Ø STERGAARD, A. TNIBAR and L. BOULOUHA ........................................................244

Noncitrated blood transfusions used as adjunctive treatment in 
a 7-year-old Shetland Pony with haemoperitoneum due to a 
ruptured corpus haemorrhagicum 
N. FOUCHÉ, K. CORNELISSE, V. GERBER, C. GURTNER, C. KRUDEWIG 
and C. KOCH ........................................................................................................................250

Immune-mediated haemolytic anaemia: Drug induced or not? 
A. KENDALL and J. PRINGLE ............................................................................................234

Granulosa cell tumours - diagnostic considerations 
I. J. CAMERON.....................................................................................................................242

Thyroid masses and their causes 
Y. ELCE .................................................................................................................................248

Aspects of coxofemoral luxations in the horse 
A. R. S. BARR and A. J. FAIRBURN ....................................................................................259

Radiographic diagnosis of craniodorsal coxofemoral luxation in 
standing equids 
F. N. AMITRANO, S. D. GUTIERREZ-NIBEYRO and S. K. JOSLYN ..............................255

Effects of abdominocentesis technique on peritoneal fluid and clinical 
variables in horses 
K. F. DUESTERDIECK-ZELLMER, J. H. RIEHL, E. C. MCKENZIE, 
A. M. FIRSHMAN, M. E. PAYTON and M. E. GORMAN ...............................................262

Resection of a premaxilla and rostral portion of the maxilla in a horse 
M. COUSTY and C. TRICAUD............................................................................................269

Maxillectomy and mandibulectomy in the horse: Indications and necessity 
of post operative adjunct therapy 
S. WITTE ...............................................................................................................................274

 ..............................................................................................................279

veterinary
equine

education



Equine Veterinary Education is a refereed educational journal designed to keep the practicing veterinarian up to 
date with developments in equine medicine and surgery. Submitted case reports are accompanied by invited reviews 
of the subject (satellite articles) and clinical quizzes. Tutorial articles, both invited and submitted, provide in-depth  
coverage of issues in equine practice.

Equine Veterinary Education (American Edition ISSN 1525-8769) is published monthly by the American 
Association of Equine Practitioners, an international membership organization of equine veterinarians. Office of 
publication is 4075 Iron Works Parkway, Lexington, KY 40511. Periodicals Postage paid at Lexington, KY and 
additional mailing office. POSTMASTER: Send address changes to: Equine Veterinary Education, 4075 Iron Works 
Parkway, Lexington, KY 40511.

Communications regarding editorial matters should be addressed to: The Editor, Equine Veterinary Education, 
Mulberry House, 31 Market Street, Fordham, Ely, Cambridgeshire CB7 5LQ, UK. Telephone: 44 (0) 1638 720250, 
Fax: 44 (0) 1638 721868, E-mail: sue@evj.co.uk.

All manuscript submissions for the journal should be submitted online at http://manuscriptcentral.com/eve. Full 
instructions and support are available on the site and a user ID and password can be obtained on the first visit. If you 
require assistance, click the Get Help Now link that appears at the top right of every ScholarOne Manuscripts page.

All subscription inquiries should be addressed to: Subscriptions Department, AAEP, 4075 Iron Works Parkway, 
Lexington, KY 40511, Telephone: (859) 233-0147, E-mail: jcooney@aaep.org. Subscription rates: AAEP annual 
membership dues include $40 for a subscription to Equine Veterinary Education. Other subscriptions at $151.80. 
Single copies $37.50.

Canadian Subscriptions: Canada Post Agreement Number 7178957. Send change address information and blocks 
of undeliverable copies to IBC, 7485 Bath Road, Mississauga, ON L4T 4C1, Canada.

© World copyright by Equine Veterinary Journal Ltd 2014.

The authors, editors and publishers do not accept responsibility for any loss or damage arising from actions or  
decisions based or relying on information contained in this publication. Responsibility for the treatment of horses 
under medical or surgical care and interpretation of published material lies with the veterinarian. This is an aca-
demic publication and should not be used or interpreted as a source of practical advice or instruction.

The American Association of Equine Practitioners cannot accept responsibility for the quality of products or ser-
vices advertised in this journal or any claim made in relation thereto. Every reasonable precaution is taken before 
advertisements are accepted, but such acceptance does not imply any form of recommendation or approval. 

All companies wishing to advertise in Equine Veterinary Education, American edition, must be current AAEP exhibitors. 
AAEP retains the right, in its sole discretion, to determine the circumstances under which an exhibitor may advertise in this 
journal. While all advertisers must comply with applicable legal guidelines, Compounding Pharmacies are specifically 
directed to limit themselves to pharmacy practices as dictated by the FDA Center for Veterinarian Medicine, Compliance 
Policy Guideline (www.fda.gov/ora/compliance_ref/ cpg/cpgvet/cpg608-400.html). Advertising any complete or partial 
mimicry of drugs and dosage forms of FDA approved formulations will not be accepted. Compounding Pharmacies, or any 
other exhibitors/advertisers who violate this rule in any fashion, will render their advertising contract null and void.

As a private organization, the AAEP reserves the right to exclude any company from advertising in Equine 
Veterinary Education, American edition, for any reason. The signing and delivery of the advertising contract shall 
constitute an offer subject to acceptance by the AAEP. In its sole and absolute discretion, the AAEP may revoke its 
acceptance of the advertising contract or may terminate any contract by delivery of written notice, in which event 
the AAEP shall have no liability to the advertiser for damages for any other remedy.

Printed by: Cadmus Professional Communications, Lancaster Division, Lancaster, PA.

E q u i n e  v e t e r i n a r y  e d u c a t i o n
A m e r i c a n  E d i t i o n

Editor (UK) 
T. S. Mair, BVSc, PhD, DEIM, DESTS, 
DipECEIM, MRCVS

Editors (USA) 
N. A. White II, DVM 
W. D. Wilson, MRCVS

Management Group 
D. Foley    
T. S. Mair 
N. A. White 
W. D. Wilson    
J. L. N. Wood

Management Board 
A. R. S. Barr S. E. Palmer 
D. Foley N. A. White (US Editor) 
K. Garrett S. White 
P. Harris W. D. Wilson (US Editor) 
T. S. Mair (Editor) J. L. N. Wood (Chairman)   
    

American Association of  

Equine Practitioners

4075 Iron Works Parkway  
Lexington, KY 40511

FAX (859) 233-1968
E-MAIL aaepoffice@aaep.org
www.aaep.org

To access our website, go to www.aaep.org, 
click on Members, select LOGIN, then enter your 
e-mail and password or, for first-time visitors, 
enter your e-mail as your Username and your 
member number with the letter ‘a’ in front as 
your Password.
Published monthly. Deadlines are the  
seventh of the preceding month.

2014 AAEP Officers

Jeff Blea, DVM, President

G. Kent Carter, DVM, President-Elect

Kathleen Anderson, DVM, Vice President

James Morehead, DVM, Treasurer

Ann Dwyer, DVM, Immediate Past President

AAEP Staff

David Foley, CAE, Executive Director 
dfoley@aaep.org

Brad Mitchell, Director of Finance & Operations 
bmitchell@aaep.org

Sally J. Baker, APR, Director of Marketing  
& Public Relations

Keith Kleine, Director of Industry Relations 
kkleine@aaep.org

Sue Stivers, Executive Assistant 
sstivers@aaep.org

Carey Ross, Scientific Publications Coordinator 
cross@aaep.org

Amity Brannock, Communications Coordinator 
abrannock@aaep.org

Dana Kirkland, Industry Education and  
Development Coordinator 
dkirkland@aaep.org

Deborah Miles, CMP, Meetings Coordinator 
dmiles@aaep.org

Elaine Young, Student Programs Coordinator 
eyoung@aaep.org

Pam Shook, Foundation Programs Coordinator 
pshook@aaep.org

Cynthia Hinkle, Office Manager 
chinkle@aaep.org

John Cooney, Publications Coordinator 
jcooney@aaep.org

Nick Altwies, Membership Services Coordinator 
natlwies@aaep.org

Jodie Bingham,  
Foundation Development Coordinator 
jbingham@aaep.org

Susan Rice, Meetings Assistant 
srice@aaep.org

Megan Gray, Membership Assistant 
mgray@aaep.org

Kristin Walker, Member Relations 
kwalker@aaep.org

All advertising inquiries should be addressed to:  
Dana Kirkland (859) 233-0147  
dkirkland@aaep.org

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

Assistant Editors 
F. Andrews 
D. Archer 
F.T. Bain 
A.R.S. Barr 
A. Blikslager 
M. Bowen 
N. Cohen 
A. Dart 
J.-M. Denoix 
T. Divers 
P. Dixon 
W. Duckett  
B. Dunkel 
S. Dyson 
T. Fischer 
D. Freeman
T. Greet 
R. Hanson 
P. Harris 
M. Hillyer 
M. Holmes 
P. Johnson 

P.T. Khambatta
J.-P. Lavoie 
S. Love 
M.J. Martinelli
I.G. Mayhew 
M. Mazan 
C.W. McIlwraith 
R. Moore 
A. Parks 
S. Puchalski 
C. Riggs 
H. Schott 
J. Schumacher 
S. Semevelos 
B. Sponseller 
C. Sweeney 
H. Tremaine 
S. Weese 
P. Wilkins
C. Yao

Ex-officio 
J. Cooney



EQUINE VETERINARY EDUCATION / AE / MAY 2014 III

Efforts to enact uniform medication regulations in U.S. 
horse racing are being led, in part, by the Racing 
Medication and Testing Consortium, whose missions are 
horse and human safety and racing integrity. The RMTC 
originated from the 
AAEP’s 2001 Medication 
Summit, and the AAEP 
has been an active RMTC 
member from the 
beginning.

Historically, horse racing 
medication regulations 
developed in a piecemeal 
fashion, with each state 
enacting regulations that 
often differed substantial-
ly from those of neigh-
boring jurisdictions. These 
inconsistencies have been 
a source of criticism and 
frustration in the industry.

In response, the RMTC developed a National Uniform 
Medication Program that consists of:

A horse racing testing laboratory accreditation program.

The National Uniform Medication Program ensures the 
integrity of the sport and protects the health and welfare 
of the equine and human participants. The recommenda-
tions regarding the use of controlled therapeutic 
substances and limitations on the use of race-day medica-
tions are of primary importance to veterinarians.

Controlled Therapeutic Substances 

identifies therapeutic medications commonly used in the 
racehorse. For each substance, there is a regulatory 
threshold and a corresponding withdrawal guideline 
based upon a specific dose and route of administration.

The CTS provides veterinarians with a list of therapeutic 
medications they can use with defined thresholds and 
withdrawal time guidance. The CTS list is not and was 
never intended as an exhaustive list of medications 
available to veterinarians.

Therapeutic substances not on the CTS list can still be 
used in racetrack practice. Any drugs a veterinarian can 
legally administer in their state and racing jurisdiction 

are still allowed, but the RMTC will not be providing 
guidance on their use to practitioners. Those substances 
on the CTS list are, however, subject to lesser penalties.

Most regulatory thresholds for substances on the CTS 
e.g., 

developed based upon international research. Additional 
substances are being investigated and may ultimately be 
added to this list.

Thresholds are reviewed by the RMTC Scientific 

practicing veterinarians, regulatory veterinarians, 
veterinary pharmacologists and analytical chemists. 
Combined, the 14 members of the SAC have over 300 
years of experience in the area of horse racing regulation 
and/or racetrack practice. Four AAEP past-presidents and 
other AAEP members serve on the SAC.

Horse racing is often criticized 
for allowing any medication to 
be present in a horse on race 

threshold does not mean a 
medication is present at phar-
macologically effective concen-
trations. Thresholds are set to 
avoid drug violations for drug 
residues that can readily be 
detected by modern laborato-
ries days after they can exert an 
effect on the horse.

The AAEP has endorsed this list. It is accessible at  
www.rmtcnet.com/content_landing_withdrawal.asp.

Race-Day Medication

formed a race-day medication task force in 2011. The 
task force concluded that, to preserve race-day 
furosemide and eliminate concerns beyond the efficacy of 
furosemide to control EIPH, a national uniform 
medication policy must include third-party administra-
tion of furosemide only. This approach has been used 
successfully at the New York Racing Association tracks, 

harness tracks for several years.

The RMTC never supported eliminating race-day 
furosemide. Race-day bleeder medication is limited to 
furosemide because only furosemide has been shown as 
efficacious in reducing EIPH. Third-party administration 
eliminates concerns regarding the administration of other, 

Public Policy: Uniform medication regulations in horse racing

Dr. Dionne Benson

By Dionne Benson, DVM

“Therapeutic 
substances not  
on the CTS list 
can still be used 
in racetrack 
practice.”

Continued on page IV.
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Public Policy: Uniform medication regulations in horse racing, continued

Social Media Practice Tip: 
Reaching clients through 
Instagram and Pinterest 

Photos and videos are very popular with horse 
owners so we find Instagram and Pinterest to be 
effective ways to show clients our veterinarians at 
work and interacting with their patients. These 
platforms are also very popular with women so 
they are perfect to reach this demographic. 

As two of the fastest growing social media 
networks they are certainly ones any equine 
veterinary practice should consider. We post photos 
of some of the interesting horses or breeds our 
doctors see during a day. We also like to post fun 
photos like cats sunning themselves on the dash of 
a practice vehicle.

Instagramg aats mrnI  anddan  Pinteresttseet rniPi  “ToToTo“““  Do”oD ”” FororF  You::uYoY : Posting 
photos at horse shows or of a busy parking lot at 
the hospital usually leads to followers liking or 
commenting on the photos.

By Kelsey Bryant

inappropriate substances on race day that could endanger 
the horse, jockey or driver—or impugn the integrity of 
the sport.

More than 60 horse racing industry groups have 
endorsed the National Uniform Medication Program. 
However, much work remains. As of April 28, only five 
states were uniformly regulating controlled therapeutic 

medications and 11 states had adopted race-day 
medication restrictions. To see the status of these regula-
tions by state, visit http://horseracingreform.org/default.
asp?section=2&area=7.

Dr. Benson is an AAEP member and executive director 
and Chief Operating Officer of the Racing Medication 
and Testing Consortium in Lexington, Ky.

An article in the November 15, 2013, issue of the 
Journal of the American Veterinary Medical Association 
discussed stress, mental health and suicide among 
veterinary students and practitioners. A portion of the 
article is quoted here:  

A University of Tennessee veterinary college graduate 
committed suicide in March 2011. At the time, he was 
pursuing a residency in laboratory animal medicine 
and a concurrent doctorate with the University of 
Missouri’s Comparative Medicine Program. A fourth-
year veterinary student at the University of Montreal 
took her own life in May 2012, a day before she was to 
graduate. A second-year veterinary student at Mississippi 
State University did the same thing this past April. He 
had just earned his master’s in animal physiology from 
the University of Arkansas. 

It’s no secret that the veterinary profession can be 
rough on individuals. There’s the stress of getting into 
veterinary school, performing well, and standing out 
among peers, followed by years or decades of long 
hours, demanding clients, and heavy workloads. 

What isn’t discussed as freely is what happens when 
those stresses become overwhelming or when mental 
illness develops as a result. The good news is that more 
people are pushing for dialogue about this topic, in the 
hope of preventing these situations from developing or 
finding ways to help when they do. 

For many veterinarians, the stigma associated with 
mental illness is an important barrier not just to 
accessing mental health services but to even discussing 
the topic in the first place.

To read the entire article, please access it at https://www.
avma.org/News/JAVMANews/Pages/131115a.aspx.

Mental Wellness: Finding calm amid the chaos
When it’s not the patient who needs a wellness check, 
but the veterinarian
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Give your youngest patients a healthy start at September Focus meeting

A foal’s small stature can belie its many needs as its sus-
ceptibility to illness and infection can lead to serious 
challenges for even the most experienced practitioner. 

the assortment of ailments that afflict neonatal and older 
foals. Whether in the field or the referral hospital, possessing 
the latest thinking on common to complex conditions is 
essential to delivering the correct assessment and solution 
when the health of your client’s foal is on the line.

Presenters include:
Dr. Noah Cohen Dr. Peter Morresey
Dr. Julie Engiles Dr. Nathan Slovis
Dr. Kelsey Hart Dr. Ashlee Watts

Meeting topics include:

 
 neonatal foals 

 
 joint infections and limb deformity

Rhodococcus equi
 

 foal and managing seizures

the Sheraton Phoenix Downtown Hotel in Phoenix, Ariz. 
The early registration deadline is Aug. 21. The early regis-
tration rate for AAEP members is $450.

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

Focus on the First Year of Life is sponsored by:

September 11-13, 2014  Phoenix, Arizona

Snow but steady

Despite the meteorological exacta of an unusually severe winter and early spring rains, work on the AAEP’s new headquarters next to 
the U.S. Pony Clubs, Inc., office at the Kentucky Horse Park proceeded at a measured pace during the first quarter of 2014. The site 
has been prepared, footers poured, and most of the underground and utility work completed. Pads and steel should be springing up 
soon, at which point a headquarters will begin to take shape.
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Equine researchers, especially junior faculty members, are 
no strangers to the frustrating sting of the research grant 
proposal rejection letter. A weighty CV can increase a 
researcher’s competitiveness in the grant pool universe, but 
it takes time and persistence to acquire that weight and 
build the strong collaborative networks necessary to raise 
one’s professional profile. 

Dr. Martin Nielsen, equine parasitologist and assistant 
professor at the University of Kentucky’s Gluck Equine 
Research Center, recently opted to forgo traditional 
funding channels when launching a research project and 
instead raise the funds himself through crowdfunding, 
which describes reaching out to the general public through 
the Internet to achieve a fundraising goal. Crowdfunding 
has grown from less than $1 billion worldwide in 2010 to 
more than $5 billion in 2013, with success often 
depending on many individuals making smaller donations 
through a dedicated website.

worms: Testing a novel probiotic compound for treatment 
of equine parasites,” is hosted at http://equineparasitology.
ca.uky.edu and represents the first toe in the crowdfunding 
waters for the university and, possibly, for equine research. 
Dr. Nielsen launched the campaign in January and raised 
more than $6,000 from 67 donors on three continents by 
his March 10 deadline. The funds will allow him to gather 
useful preliminary data while he works on the next USDA 
grant proposal for the project. 

“In my area of parasitology, I’m not speaking to a specific 
segment of the horse industry,” he said. “Parasites are 
everywhere—it doesn’t matter the breed or use of the 
horse—so I thought I had a great common denominator 
to give crowdfunding a try.”

The crowdfunding campaign took about six months to 
pull together. The toughest part was simply getting started. 

figure out if he was even allowed to crowdfund and, if so, 
obtain all necessary permissions and secure assistance 
from key personnel.

“With something new like this, you need to find a couple 
of people who are enthusiastic about the idea and they 

the development and communications offices, it took on a 
life of its own.”

Dr. Nielsen bypassed commercial crowdfunding companies 
like Kickstarter in favor of an independent campaign 
created within the university. Doing so eliminated 
donation fees charged by the commercial companies and 
enabled contributions from U.S. citizens to qualify as 

charitable donations. Through the website, visitors could 
donate money, watch several Youtube videos about the 
project and sign up to receive more information or pose 
questions to Dr. Nielsen through a Q&A forum. 

The money raised might be the smallest asset of the whole 
campaign, which generated extensive publicity for Dr. 
Nielsen and his work. He appeared on radio shows and in 

the social media platforms of prominent horse 

invitations. In addition, he now has two e-mail lists: one 
of the campaign’s donors and the other comprising several 
hundred website visitors who signed up for more 
information or to ask him questions. 

“Critics might argue that $6,000 is not a high salary for 
all the work that I did,” he said. “I see it as an investment 
in the future as well as the actual money I got out of it 
this time around. When I decide to go for my next 
campaign, I’ll already have a target group of people I can 
reach out to. I think that can turn out to be even more 
valuable than the $6,000 I now have.”

Sustaining momentum through social media was critical 
to the campaign’s success. In addition to the short and 
slick Youtube videos that have been viewed nearly 2,000 
times, Dr. Nielsen posted daily on Facebook and Twitter. 
He also leveraged his relationships with social media-
savvy friends and with equine media to reinforce the 
campaign by sharing his posts. He devoted 20 to 30 
minutes to social media each morning during the 
two-month campaign and found that the Q&A forum 
routinely fed him interesting content. 

Continued on page VII.

Crowdfunded equine research campaign raises more than just money

Dr. Martin Nielsen
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Touch Point: The examination is your path to satisfied clients

The examination is the cornerstone of the 
veterinarian-client-patient relationship. 
Your patient may not talk, but they can 
“speak” to you through a well-performed 
exam. When done properly, the examina-
tion transforms information into insight 
and builds trust between the owner or 
trainer and veterinarian.

If you think of the examination solely as a clinical tool, 
however, you miss the opportunity to create stronger rela-
tionships with your clients. Your clients value how you 
treat them just as much as they value your medical 
treatment of their horses.

The examination is often your best tool for understanding 
your patient’s physical needs. But are you are also using 
this process in your practice to create satisfied clients? 

The AAEP surveyed over 6,000 horse owners and trainers 
and found that relationship factors are as important to client 
satisfaction as your ability to provide veterinary care.

Your clients want you to:

Take your time with their horse during each exam or visit.
 

 in terminology they can understand.

As a practitioner, you can use the examina-
tion to deliver all of these important client 

veterinary care. The principles of a relation-
ship-focused examination can be performed 
during any type of examination, in any type 
of equine practice.

Every time you put your hands on a horse, you have the 
opportunity to create satisfied clients and healthier 
patients. Visit touch.aaep.org to watch videos about how 
to perform a client-focused examination and increase 
client satisfaction.

As research data is generated, Dr. Nielsen will share on 
the website and via e-mail with his supporters to nurture 
those who have shown an interest in his research, 
demonstrate results of their support and keep the project 
alive and viable until he’s ready to pursue another round 
of crowdfunding.

As for crowdfunding’s potential in the hierarchy of 
equine research funding, Dr. Nielsen sees it developing 
into a valuable supporting role.

“Crowdfunding won’t replace any of our current funding 
sources nor will it likely raise hundreds of thousands of 
dollars,” he said. “But it is going to become a viable 
supplement and excellent source of seed money to 
generate some preliminary data so you can put together 
that compelling grant application.”

Crowdfunded equine research campaign raises 
more than just money, continued

The AAEP Foundation recently celebrated the 15th anniversary 
of its annual calendar, which has generated proceeds of more 
than $500,000 in support of the welfare of the horse. From 
left: AAEP Foundation Chairman Dr. Jeff Berk, AAEP 
Foundation Programs Coordinator Pam Shook, Outback 
Communications President Will Haynes and Card Calendar 
Company President John Card.

15 years and $500,000 later



Fostering youth development in the horse 
industry is essential to industry growth 
and the intent of the AAEP Foundation’s 

grant support for 
the American 
Youth Horse 

Symposium, the 
37th edition of which was held March 
21-23 in Minneapolis, Minn.

The symposium brought together approx-
imately 175 youth horse industry 
leaders—both adults and children—from 
throughout the United States for three 
days of workshops, discussions, demon-
strations and networking. The knowledge 
obtained from the symposium is taken 
home and incorporated into program cur-
riculums for the benefit of horse-oriented 
youth, many of who go on to careers in the 
equine industry or an ancillary field and 
maintain their passion as horse owners.

“AYHC is a small non-profit organization so outside 
funding such as that provided by the AAEP Foundation 
is an important resource so we can hold down the 
symposium cost for participants,” said AYHC Executive 
Director Danette McGuire. 

This year’s symposium featured a variety of workshops 
on topics ranging from nutrition and horse care to 

demonstrations exposed participants to different

breeds and disciplines. Symposium attendees also 

Center at the University of Minnesota’s College of 
Veterinary Medicine.

“I like to think the AYHC is the best-kept secret in the 

only venue I know of that brings together all breeds 
and all representatives in a non-competitive environ-
ment. Everyone is just there to learn, share, gather 
resources and discover what their fellow members 
around the country are doing.”
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AYHC Symposium participants observe We Can Ride, Inc. demonstrate 
techniques to enhance client skills and well-being through challenging 
programs of therapeutic horseback riding.

Foundation donors helping to groom the next generation of horse owners, leaders

The philanthropy of AAEP members, corporate sponsors, 
horse owners and others enables the AAEP Foundation 
to support critical research, education and outreach on 
behalf of the welfare of the horse. When renewing your 
AAEP membership in the coming weeks, consider adding 
a voluntary contribution in support of the Foundation to 
your annual dues.

Whether renewing online or by mail or fax, you choose 
the amount you want to donate. Contributions are tax-
deductible where allowed by law, and your entire donation 

goes to improve the welfare of horses because Foundation 
operating costs are absorbed entirely by the AAEP. 

Through funding of scholarships and short courses, 
research into laminitis, Equitarian initiatives, professional 
and youth development, and other benevolence programs, 
the AAEP Foundation is making a difference in the lives of 
horses and those who care for them worldwide.

To learn more about the AAEP Foundation and how you 
can help us help horses, visit www.aaepfoundation.org.

Contribute to the welfare of horses when renewing your AAEP membership
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Time to Renew Your  
AAEP Membership

Connect with colleagues

Rounds as well as in person through discounted member rates for 
the Annual Convention and summer Focus meetings. 

Connect with clients

and resources to help you deliver the veterinary care and services 
clients most desire.

Become more profitable

which helps AAEP members save hundreds—and even thousands—of 
dollars annually through group purchasing contracts.

Renew today at www.aaep.org/ 
info/renew-membership-323

Renew your membership 
before midnight EDT on 
May 31 and be eligible to 
win one complimentary 
registration to the  
60th Annual Convention  
to be held Dec. 6-10, 2014, 
in Salt Lake City, Utah!

Don’t miss out on valuable professional tools 
for your practice.

!

Photo by Douglas Pulsipher
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At Merck Animal Health, “We’re For The Horse™” 

Merck Animal Health is proud to be a 13-year 
AAEP Educational Partner with a continuous 
commitment to bringing product and educational 
solutions to veterinarians and horse owners. 

In addition to an extensive product portfolio, the 
company also promotes better equine care through 

™. 

Developed in partnership with Purina Animal 

and champions the veterinarian as the best source 
for equine healthcare and nutrition. Horse Care for 

will help keep your clients engaged and proactive in 
monitoring their horse’s health while keeping you 

front and center as the primary source of healthcare 
information for horses in every life stage, including: 

one-stop health and nutrition education, as well as 
record-keeping tools and health reminders tailored 
to their horse’s age and use. The program provides 
you access to clients’ demographic data, such as 
healthcare interests/concerns, horses’ ages and 
breeds and more, for your planning and marketing 
purposes. You can also send customized messages to 
your participating clients.

Whether your clients are breeders, professional 
competitors or weekend trail riders, they will find 
customized health care information for every horse 
in their barn—and have you to thank for it. 

exclusively through veterinarians. For a site 

your Merck Animal Health representative. 

AAEP Educational Partner Profile:  Merck Animal Health

Salute exemplary service with an AAEP Award nomination by June 30

The clock is ticking on your opportunity to 
honor a colleague or group with a nomination 
for an AAEP award for their substantial 
contributions to the equine veterinary 
profession or well-being of horses. 

Nominations are being accepted until  
June 30 for the following awards:

The Lavin Cup (The Equine Welfare Award) 
Distinguished Educator Award (Academic) 
Distinguished Educator Award (Mentor) 
Distinguished Service Award 
George Stubbs Award 
Sage Kester Beyond the Call Award 

The award nomination form is available at 
www.aaep.org/custdocs/2014Award 
NominationForm.pdf or by contacting  
Sue Stivers, executive assistant, at  

Award winners will be determined by the 
AAEP Nominating Committee and will then 
be presented to the board of directors for their 

approval. Award recipients will be honored at 
the AAEP’s 60th

City, Utah, Dec. 6-10, 2014.
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Pennsylvania equine practice seeks associate veterinarian

doctor equine veterinary practice with clinic located 
in southeastern Pennsylvania, has an opening for a 
motivated and enthusiastic veterinarian with good client 
communication and horsemanship skills. The practice 
serves a wide range of equine clients. Emphasis on high-
quality medicine, including but not limited to digital 
ultrasonography, digital radiography, thermography, upper 
airway endoscopy, dentistry with Powerfloat, reproduction, 

and full in-house Idexx laboratory. 

Clinic consists of 12 stalls, heated treatment area, indoor 
arena, stallion barns, breeding shed and 60 acres of pastures 
and paddocks. Multiple opportunities for the right person. 
Salary commensurate with experience. Shared on call duties. 
Full benefit package.

For consideration, please contact Dr. Joan Henderson at 

Central Florida equine hospital looking for  
surgery/anesthesia technician

a surgery/anesthesia technician. Basic medical training 
and understanding of sterile technique as well as horse 
experience are essential. Anesthesia experience is desirable. 

questions. Fax or e-mail your resume to:  
 

Website: www.ocalaequinehospital.com.

Experienced equine surgeon wanted for  
Australian racing/sport horse practice

The Ballarat Veterinary Practice Equine Clinic is seeking 
a trained or qualified specialist equine surgeon to join 
our progressive and enthusiastic team of nine equine 
veterinarians in Ballarat, 110km west of Melbourne in 
Victoria, Australia. 

We provide our clients and referring veterinarians with 
a high quality and extensive range of services, including 
ambulatory and reproductive veterinary medicine, surgery, 
hospitalisation with intensive care and advanced imaging 
using standing MRI, scintigraphy and high-speed treadmill 
endoscopy. Positioned adjacent to a major Thoroughbred 
training centre, our principal caseload is racing 

evaluation using advanced imaging is a major part of 
our hospital caseload and we are seeking a motivated 
and passionate surgeon who has a high level of skill and 
enthusiasm for musculoskeletal examination. Experience 
in scintigraphy, MRI, computed and digital radiography 
and ultrasonography is necessary. 

You will join two experienced surgeons, will share after-
hours emergencies and will be expected to have experience 
and competence in a broad range of orthopaedic and soft 
tissue surgery. Experience in standing procedures, laser 
surgery and laparoscopy is desirable. 

We are seeking a three-year commitment and remuneration 
will reflect experience, with opportunity to be rewarded 
for increasing patient caseload. A degree registerable in 
Australia is mandatory.  

Please contact Dr. Brian Anderson with an expression of 

The AAEP welcomes new members and congratulates recent graduate

NEW MEMBERS:

Vanessa Benetti Di Sessa, DVM, Boituva, Sao Paolo, Brazil

Susana Bonometti, DVM, Valdivia, Chile

Sarah E. Buck, DVM, Palmer, AK

Paul Cotterill, DVM, Cherryvale, KS

Andrei Popa, DVM, Breaza, Prahova, Romania

Opportunity Knocks!

Pia Randleff-Rasmussen, DVM, Paarl, ZAF, South Africa

Mara Elisabete Schleder, DVM, Pato Branco, Brazil

Mark Skeels, DVM, Hopatcong, NJ

Jessie Svatek, DVM, Carlisle, MA

RECENT GRADUATE:

Jennifer Morrissey, BSc DVM, Rocky View County, AB, Canada



July 20-22, 2014

Focus on the Sport Horse
Louisville, Kentucky

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

Membership Benefits

September 11-13, 2014

Focus on the First Year of Life
Phoenix, Arizona

December 6-10, 2014

60th Annual Convention
Salt Lake City, Utah 

January 28-30, 2015

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

AAEP Rounds a convenient forum to discuss specific veterinary topics

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

Rounds are e-mail 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 

AAEP members. For more information or to join a Round, 
log into www.aaep.org and click the “My AAEP” button.

Business Education
Complementary & 

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, 

 

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 

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

Your AAEP membership enables you to access valuable research articles 

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.



1 Ventipulmin® Syrup (clenbuterol hydrochloride) Freedom of Information Summary, St. Joseph, Mo. Boehringer Ingelheim Vetmedica, Inc. 1998.

© 2014 Boehringer Ingelheim Vetmedica, Inc.  VENT-011406 A

Use responsibly. Read and follow label directions. 

Important Safety Information: Should not be used in pregnant mares near term. Because tachycardia may occur, VENTIPULMIN Syrup 
should not be used in horses suspected of having cardiovascular impairment. Treatment starting with doses higher than the initial dose is 
not recommended. Mild sweating, muscle tremor, restlessness, urticaria and tachycardia may be observed in some horses during the 
fi rst few days of treatment. In case of accidental ingestion, contact a physician immediately. Please consult package insert for complete 
product information. 

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

When horses suffer from constricted airways due to infl ammation along with mucus build-up, the basic function of breathing can become 
labored, challenging and miserable. There is no need for horses to suffer. VENTIPULMIN® Syrup (clenbuterol HCI) is the only FDA-approved 
solution for the management of airway obstruction associated with respiratory disease in horses.1 A breath of fresh air for the horse and 
peace of mind for you. 

You can both breathe easy.





Highlights of recent clinically relevant papers

Dynamic compression plate fixation of fractures
This retrospective study by Laurie Goodrich and colleagues in
the USA and UK assessed the short-term outcome and
long-term racing performance of horses that underwent
dynamic compression plate fixation of propagating medial
condylar fractures.

Thirty horses met the inclusion criteria over a 15-year
period; 22 of these cases had fractures which spiralled
proximally, the remaining 8 had straight or ‘Y’ configured
fracture lines. All horses had a dynamic compression plate or
limited contact dynamic compression plate applied with the
configuration and location of the plate being fracture
dependent. Recovery technique and bandaging technique
varied according to clinician preference. Two horses suffered
catastrophic fracture breakdown during recovery, one was
subjected to euthanasia one week after surgery due to
supporting limb laminitis and one died immediately post
operatively due to an embolism. Of the horses that went on to
recover, 12 went on to race post operatively and one went on
to a successful eventing career; therefore the proportion that
went on to successful athletic activity was 52%. Overall wins,
earnings and yearly starts were decreased significantly for all
horses compared to national average.

The authors concluded that propagating medial condylar
fractures repaired using dynamic compression plate fixation
carry a guarded prognosis for return to racing with a risk of
catastrophic failure following recovery from surgery.

Intraoral inferior alveolar nerve blocks
The aim of this study by T. Henry and colleagues at the
University of California, USA, was to investigate a new
technique for anaesthetising the inferior alveolar nerve and
then the application of this technique in clinical cases.

Previous methods to anaesthetise the inferior alveolar
nerve have utilised an extraoral approach, which requires a
130 mm length needle; this method has been perceived as
invasive and difficult due to concern about accurate needle
placement and the potential for iatrogenic lingual trauma.
The first aspect of this trial utilised 26 cadaver heads of varying
sizes to anatomically locate the mandibular foramen relative
to the caudal edge of the third molar tooth. Four heads
were then further examined by computed tomography to
demonstrate use of the intraoral approach. Five ml of
mepivacaine mixed with contrast medium was injected into
the mandibular foramen using a stainless steel rod with
attached extension set as a delivery device. The images were
then evaluated for proximity of needle placement to the
mandibular foramen. The final aspect of this study utilised
the technique of intraoral inferior alveolar nerve block in
43 clinical cases undergoing a variety of dental procedures. In
all cases the technique provided adequate anaesthesia with
no evidence of self-inflicted lingual trauma. One horse
developed an abscess in the pterygoid fossa but following
drainage was able to masticate normally; thereafter
additional precautions were taken to prevent this occurring
again (such as using a new bottle of local anaesthetic for
every procedure and swabbing the area with
povidone-iodine prior to injection).

The intraoral approach to desensitise the inferior alveolar
nerve requires a smaller needle and a smaller volume of local
anaesthetic compared to the extraoral approach and
resulted in successful anaesthesia with minimal complications
in this study.

Effects of lidocaine on intestinal smooth muscle
This study by Karen Tappenbeck and colleagues in Germany
compared the contractility-enhancing effects of lidocaine in
equine jejunal circular (CSM) and longitudinal smooth muscle
(LSM) in vitro.

More pronounced effects of lidocaine have been
reported in previous studies in ischaemia-reperfusion (IR)
injured smooth muscle. This study examined the effects in both
non-injured control tissues and tissues challenged by an
artificial IR injury. Isometric contractile performance of CSM
and LSM, assessed by frequency, amplitude and mean active
force of contractions, was defined as contractility. Lower basic
contractility featured in LSM compared with CSM. Lidocaine
provoked contractility-enhancing effects in both smooth
muscle layers, with LSM contractility remaining lower
throughout the trial, except for frequency at high lidocaine
concentrations. Higher lidocaine concentrations were also
required to cause significant effects in LSM. No differences
were observed in contractility of control and IR injured smooth
muscle, but higher lidocaine concentrations were needed to
provoke effects in IR injured smooth muscle. In contrast to CSM,
contractility of LSM did not decrease at comparably high
lidocaine concentrations.

The authors concluded that differences in basic
contractility of CSM and LSM might be explained by
physiologically lower activity of LSM per se or by a thinner LSM
layer with fewer smooth muscle cells taking part in
contractions. The smaller thickness of the LSM layer may also
contribute to persisting discrepancies in contractility following
lidocaine application. Variations in lidocaine concentrations
necessary for inducing significant effects could result from
differences in the molecular structure of CSM and LSM cells.

Antimicrobial activity of honey
This study by R. Carnwath and colleagues at the University of
Glasgow, UK, aimed to assess the antimicrobial activity of a
number of honey types against common equine wound
bacterial pathogens.

The beneficial wound healing properties of honey have
been demonstrated in recent studies in humans and other
species. Delayed healing associated with distal limb wounds is
a particular problem in equine clinical practice. Medical
grade honey dressings are available commercially but equine
clinicians are reported to source other non-medical grade
honeys for the same purpose.

In this study, 29 honey products were sourced, including
gamma-irradiated and non-irradiated commercial medical
grade honeys, supermarket honeys, and honeys from local
beekeepers. All honeys were cultured aerobically for
evidence of bacterial contamination and 18 products found
to contain aerobic bacteria or fungi were excluded from the
study. The antimicrobial activity of the remaining 11 products
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was assessed against 10 wound bacteria, recovered from
the wounds of horses, including methicillin resistant
Staphylococcus aureus and Pseudomonas aeruginosa. Eight
products were found to be effective against all 10 bacterial
isolates. The Scottish Heather Honey was found to be the best
performing product, as it inhibited the growth of all 10
bacterial isolates at concentrations ranging from <2% to 6%
(v/v). Manuka has been the most studied honey to date, but
this study shows that other sources may have valuable
antimicrobial properties. Since some honeys were found to be
contaminated with aerobic bacteria or fungi, non-sterile
honeys may not be suitable for wound treatment.

Anaesthesia injections for stifle joint lameness
In this study, Ferenc Tóth and colleagues in the USA and France
evaluated the effects of sequential anaesthesia of the
individual compartments of the equine stifle joint in horses with
experimentally induced stifle joint lameness.

Baseline hindlimb lameness was first evaluated in each
of the 6 horses included in this study. A randomly selected
compartment of one stifle joint was then injected with
interleukin (IL)-1β to induce synovitis and lameness;
subsequently, the same compartment was anaesthetised
with 2% mepivacaine hydrochloride, and lameness was
reevaluated. Two weeks later, baseline lameness was again
evaluated, and lameness was similarly induced; thereafter,
the 2 synovial compartments of the stifle joint not injected
with IL-1β were anaesthetised sequentially in random order
(first and second blocks) and lameness was evaluated
after each block. Finally, the IL-1β-treated compartment
was anaesthetised (third block) and lameness was again
evaluated. This second experiment was repeated for the
contralateral stifle joint 2 weeks later. Throughout the study, a
wireless inertial sensor-based system was used to quantify
lameness by assessing vertical pelvic movement asymmetry.

Intra-articular deposition of IL-1β induced lameness in
all injected limbs. In the first experiment, anaesthesia of
the compartment injected with IL-1β resulted in a significant
decrease in lameness, with vertical pelvic movement
asymmetry approaching baseline. In the second experiment,
lameness improved significantly after the second and third
blocks and was almost completely abolished after all 3
synovial compartments were anaesthetised.

The authors concluded that lameness in horses caused
by a lesion in one compartment of a stifle joint can be
improved more by instillation of local anaesthetic solution
into that compartment than by anaesthesia of the other
compartments.

Impact of colic surgery on return to function
This retrospective study by Samantha Hart and colleagues at
the University of Pennsylvania, USA, examined the effect of
colic surgery on return to function in Thoroughbred racehorses.
It also aimed to identify clinical variables associated with

successful return to racing, and compare racing performance
between horses undergoing colic surgery and an untreated
cohort.

This study included 59 Thoroughbred racehorses 2–5 years
of age that underwent colic surgery and survived to hospital
discharge and 90 untreated Thoroughbred racehorses
equivalent in class. Medical records of horses evaluated
for colic were reviewed, and horses with a Jockey Club
Information Systems record were included. Case details
including examination and laboratory findings, lesion location
and type, duration of surgery and hospitalisation, and any post
operative complications were recorded. The untreated cohort
comprised 2 untreated horses randomly selected from runners
in each treated horse’s last race immediately prior to the date
of colic surgery. Only horses that raced at least once before
and after surgery were included in the performance analysis.
Number of starts and earnings were obtained from race
records for all horses and quarterly earnings and starts were
compared between treated and untreated horses.

Forty-five of 59 (76%) horses that raced prior to surgery
returned to racing. Return to racing was significantly
associated with admission heart rate and blood lactate
concentration. From quarters 3 to 12, treated and untreated
horses had slight differences in the number of starts but no
difference in earnings per quarter. Treated and untreated
horses had no difference in total number of quarters raced,
number of starts, or earnings after surgery. Treated horses had
higher earnings per start, compared with untreated horses.

In this study, racing Thoroughbreds that underwent colic
surgery and successfully returned to racing had no differences
in performance variables, compared with their untreated
cohorts.

S. WRIGHT
EVE Editorial Office
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Case Report

Septic funiculitis caused by Streptococcus equi subspecies equi
infection with associated immune-mediated haemolytic anaemia
C. J. Caniglia*, J. L. Davis†, H. C. Schott, III‡ and J. E. Brakenhoff§

University of Tennessee College of Veterinary Medicine, Knoxville, USA; †North Carolina State University College of
Veterinary Medicine, Raleigh, USA; ‡Michigan State University College of Veterinary Medicine, East Lansing, USA;
and §Oakridge Equine Hospital, Edmond, Oklahoma, USA.
*Corresponding author email: cjcaniglia@gmail.com
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Summary
A 2-year-old Quarter Horse gelding presented for anaemia,
icterus, depression and intermittent colic 2 weeks after routine
castration. Bilateral septic funiculitis with Streptoccocus equi
ssp. equi with secondary immune-mediated haemolytic
anaemia were diagnosed. A blood transfusion was required to
facilitate general anaesthesia for surgical excision of the
septic funiculitis. Antibiotic therapy was provided initially with
chloramphenicol and later enrofloxacin. Immunosuppressive
therapy was provided with dexamethasone and later
azathioprine. The horse responded well to treatment and was
discharged 8 weeks after presentation. Streptococcus equi
ssp. equi should be considered in cases with septic funiculitis
and the potential for a secondary immune-mediated
haemolytic anaemia exists with this bacterial species.

Introduction
Immune-mediated haemolytic anaemia (IMHA) in horses is
uncommon; however, it has previously been reported
secondary to neoplasia, infection or treatment with specific
drugs, with primary IMHA being less common (Sellon and Wise
2010). Extravascular haemolysis is more common in horses;
however, intravascular haemolysis can occur and is
evidenced by haemoglobinaemia and haemoglobinuria
(Sellon and Wise 2010). Infectious causes have most commonly
been attributed to Clostridium perfringens (Weiss and Moritz
2003; Cottle and Hughes 2009); however, this case report
describes an IMHA secondary to septic funiculitis caused by
Streptococcus equi ssp. equi post castration. Septic funiculitis
has historically been classified as either scirrhous cord or
champignon. Scirrhous cord has been described as infection
of the spermatic cord remnant with Staphylococcus sp. in
which the scrotal incision may heal, while champignon has
been described as infection of the spermatic cord remnant
with Streptococcus sp. with purulent discharge and
granulation tissue protruding from the scrotal incision
(Schumacher 2012). Purpura haemorrhagica, characterised
by systemic vasculitis and distal limb oedema, has been
documented more commonly as a potential sequela of
streptococcal infections, especially when serum titres to
streptococcal M protein are high (Pusterla et al. 2003).
Although less common, an infarctive form of purpura
haemorrhagica leading to an immune-mediated myositis can
occur secondary to infection with Streptococcus sp. (Kaese
et al. 2005). However, to the authors’ knowledge, there are no
reports of secondary IMHA with Streptococcus equi ssp. equi
infections.

Case history
A 2-year-old Quarter Horse gelding presented for evaluation of
a 3-day history of anaemia, severe icterus, depression, fever
and intermittent signs of colic. The horse had been castrated 2
weeks prior to onset of clinical signs and one dose of ceftiofur
crystalline free acid (Excede)1 6.6 mg/kg bwt i.m. was
administered. No complications or abnormalities such as
haemorrhage or trauma were noted. Complete blood count
(CBC) performed by the referring veterinarian at the onset of
clinical signs revealed a moderate anaemia (21%, rr 32–53%)
with a decreased RBC count (4.79 × 106 cells/μl, rr 6.6–12.9 × 106

cells/μl) and decreased haemoglobin concentration (91 g/l, rr
110–190 g/l). Blood work was repeated the morning prior to
presentation and revealed a worsening of the anaemia. The
WBC count was markedly elevated (28,500 cells/μl, rr
5000–12,500 cells/μl) characterised by a granulocytosis. A
serum biochemistry performed at this time revealed an
elevated BUN (0.45/l, rr 0.10–0.25 g/l), increased total protein
(TP) characterised by a normal albumin and increased
globulins (60 g/l, rr 24–47) and a markedly elevated total
bilirubin (0.241 g/l, rr 0.00–0.025 g/l). Although icteric, the serum
did not show any evidence of haemolysis at this time. A
complete listing of pertinent laboratory values can be found in
Table 1. Initial physical examination revealed severely icteric
mucous membranes and sclera, mild pyrexia (38.9°C), mild
tachycardia (54 beats/min) and decreased borborygmi in all 4
quadrants (Fig 1). Thoracic auscultation revealed reduced
lung sounds extending from the costochondral junction
ventrally on both sides of the chest. The remnants of the
spermatic cords were palpable and enlarged, with the left
cord appearing more enlarged than the right. The horse
urinated during the initial examination and the urine was a
dark brown colour with >3 + blood, >3 + bilirubin, 3 g/l protein
and >3 + leucocytes on a reagent strip (Multstix 10SG)2 with a
urine specific gravity of 1.028.

Thoracic ultrasound revealed areas of consolidated lung
with severe pleural roughening in the cranioventral lung fields
with a large amount of anechoic free pleural fluid and
occasional strands of fibrin bilaterally. Abdominal ultrasound
revealed a large amount of free abdominal fluid that
appeared to be swirling with hyperechoic material. There were
several moderately dilated loops of small intestine and a 5 x
6 cm mass visualised in the cranioventral abdomen just caudal
to the sternum that was of mixed echogenicity, consistent with
a large blood clot, abscess or tumour. Ultrasound of the
inguinal region revealed a markedly enlarged left spermatic
cord remnant (approximately 3 x 3 x 10 cm) filled with fluid and
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hyperechoic material. Similar changes were seen on the right
spermatic cord remnant to a lesser degree.

Chest tubes were placed in both hemithoraces and
approximately 12 l haemorrhagic fluid was obtained from
each hemithorax. An abdominal drain was also placed and
approximately 24 l of haemorrhagic fluid was retrieved.
Samples were collected for culture and cytology and the
pleural and peritoneal spaces were lavaged with crystalloid
fluids. Treatment was initiated with i.v. fluids (Lactated Ringer’s
solution)3 supplemented with lidocaine (2 g/5 l) and
electrolytes (CMPK)4, 60 ml/5 l, chloramphenicol (50 mg/kg
bwt per os q. 8 h), dexamethasone (0.07 mg/kg bwt i.v. q.

24 h), omeprazole (2.28 g, per os q. 24 h) and probiotics. Fluid
therapy was initiated due to the large volumes lost due to the
cavitary effusions, with lidocaine added for analgesia and
electrolytes due to the horse’s inappetance, antibiotic
therapy was directed at the suspected septic funiculitis
and dexamethasone was initiated due to the suspected
immune-mediated haemolytic anaemia. The horse walked
with an elbow abducted stance presumed to be secondary to
pleural pain and thus treatment with butorphanol (0.02 mg/kg
bwt i.m. q. 6 h) was initiated. Advanced cushion support5 was
applied to both front feet for laminitis prevention.

On Day 2, the bilirubin had decreased and there was
improvement in the PCV. A clotting profile was performed and
the prothrombin time and partial thromboplastin time were
mildly prolonged (14.9 s, rr 8–13 s and 68 s, rr 25–40 s,
respectively), fibrinogen was mildly elevated (4.5 g/l, rr 1.0–4.0
g/l) and the platelet count was within normal limits
(162,000 cells/μl, rr 100,000–600,000 cells/μl). A direct Coomb’s
test was positive and peripheral blood smear revealed
spherocytes, echinocytes and occasional Heinz bodies.
Treatment with antioxidants, vitamin C (30 mg/kg bwt i.v.,
q. 12 h) and dimethyl sulfoxide (1 g/kg bwt i.v. q.24 h), was
initiated at this time for potential red maple or onion toxicity.
Serum was submitted for cELISA piroplasmosis testing
(Veterinary Medical Research and Development cELISA kit)6

and was found to be negative.
Over the next few days, the WBC count and total bilirubin

continued to decrease; however, the PCV also declined. Mild
elevations in creatinine (0.028 g/l, rr 0.01–0.02 g/l) and alkaline
phosphatase (ALP) (315 iu/l, rr 90–290 iu/l) were noted.
After demonstrating initial improvement in appetite and
demeanour, the horse again became more depressed and
digital pulses and dorsal hoof wall temperature increased, thus

TABLE 1: Pertinent serial laboratory values used to monitor progress of the horse

Day PCV (31–43%) TP (53–73 g/l)
Bilirubin

(0.00–0.025 g/l)
WBC (5000-12,500

cells/μl) Haemoglobinaemia Haemoglobinuria

0 21.9 Present
1 16.8 90 0.241 28,500
2 19 75 0.166
3 18 82 0.11 22,000
4 14 78 0.111 18,500
5 16 78 0.095
6 15 98 0.118 22,100 Present Present
7 17 78 0.095
8 16 86 0.09 17,100
9 13 (19)* 90 0.119 Present Present

10 18
11 16 0.077
12 18 84 0.046 9400
13 18 0.043
14 19 0.06
15 20 0.058 35,400
17 16 0.047 22,400
19 19 74 0.027 15,700
22 16 69 0.017 14,500
24 18 66 11,300
26 18 66
29 19.5 68 13,600
31 26 72 14,100
36 27 70 0.008 8200
40 30 62 8300

* Value in parentheses is after transfusion.

Fig 1: The sclera were severely icteric at presentation,
corresponding with marked elevations in serum bilirubin.
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treatment with flunixin meglumine (1.1 mg/kg bwt i.v. q.12 h)
was initiated. The chest tubes and abdominal drain, which
had been lavaged once or twice daily until this point, were
removed as no further fluid accumulation was noted. On Day
5, there was mild improvement in blood results and clinical
parameters and the corticosteroid dose was decreased to
0.05 mg/kg bwt. However, the horse then underwent a second
intravascular haemolytic crisis with a decline in PCV with
evidence of haemoglobinaemia, which had not previously
been present and haemoglobinuria was confirmed on
urinalysis (Fig 2). The corticosteroid dose was increased to the
0.07 mg/kg bwt dose due to this relapse. Treatment with
flunixin meglumine was discontinued over the concern for
additional nephrotoxicity since a pigment nephropathy,
evidenced by persistent elevations in creatinine, was already
suspected.

On Day 7, the horse had stabilised with the higher dose
of corticosteroids with improvement in the PCV, bilirubin and
WBC count. However, 2 days later, the horse was extremely
depressed and inappetant, which was accompanied by
a rapid decline in PCV, increase in TP and bilirubin,
haemoglobinaemia and haemoglobinuria. Due to the
ongoing relapses, there was a high clinical suspicion of a nidus
of infection continuing to shed antigen or neoplasia. Serum
calcium was tested to see if hypercalcaemia of malignancy
was present; however, values were within normal limits. Rectal
palpation, abdominal ultrasound, thoracic and abdominal
radiographs and cytological examination of initial pleural and
peritoneal effusions did not reveal any evidence of neoplasia.
The abdominal mass present at presentation was no longer
evident. The decision was made to perform a blood
transfusion to stabilise the horse so that he could be placed
under general anaesthesia and have the remnants of the
spermatic cords removed as they were a suspected source of
ongoing antigenic stimulation. The horse was administered 5 l
of fresh whole blood which increased the PCV to 19% and the
dose of corticosteroids was increased (0.1 mg/kg bwt i.v. q.
24 h) in an attempt to prevent destruction of the transfused
RBCs. Blood was obtained from a Quarter Horse gelding and
no crossmatch performed.

The horse was placed under general anaesthesia the
following morning and the scirrhous cords were removed.
Anaesthetic time was minimised by beginning aseptic
preparation of the inguinal region while the horse was
standing. Analgesia was provided using firocoxib (0.1 mg/kg

bwt per os q. 24 h). The horse was sedated with xylazine
(1.1 mg/kg bwt i.v.) and induced with ketamine (2.2 mg/kg
bwt i.v.) and propofol (0.4 mg/kg bwt i.v.). Propofol was
chosen over diazepam to decrease metabolic strain on the
liver since liver enzymes were already elevated. The horse was
administered aminocaproic acid (20 g in 1 l normal saline,
i.v. bolus) after induction to aid with haemostasis. Local
anaesthesia of the spermatic cords proximal to the abnormal
tissue facilitated a lower percentage of isoflurane needed to
maintain anaesthesia. A scrotal incision was made and both
cords were manually dissected and ligated with a transfixation
suture and emasculators. The incisions were left to heal by
second intention. The right cord remnant was mildly enlarged
and the left cord remnant was approximately 10 cm long and
3 x 3 cm in diameter. When the left cord was opened, there
was a copious amount of brown, purulent, malodorous
material within, which was submitted for culture (Fig 3). Total
anaesthesia time was approximately 1 h and recovery was
rapid (25 min) and without complication.

The horse improved clinically and with respect to
laboratory values after surgery, except for persistently
elevated digital pulses. Thus, the horse was placed in wooden
clogs with increased breakover and the distal limbs iced for
72 h. Radiographs of the feet were within normal limits at this
time. Additionally, the horse was changed from corticosteroids
to azathioprine (3 mg/kg bwt per os q. 24 h) for
immunosuppressive therapy. Three days after surgery, serum
biochemistry revealed a total bilirubin of 0.059 g/l with a direct
bilirubin of 0.01 g/l and a markedly elevated GGT (98 iu/l, rr
2–30 iu/l), increased ALP (483 iu/l) and increased cholesterol
(1.98 g/l, 0.7–1.5 g/l). Kidney values had normalised. Results of
the aerobic culture of the left spermatic cord showed growth
of Streptococcus equi ssp. Equi (Bitech GPI Panel)7, which was
sensitive to chloramphenicol. Chloramphenicol administration
was decreased from every 8 h to every 12 h based on the
presumption that the nidus of infection had been removed.

However, on Day 15 the horse became more tachycardic
(78 beats/min) and febrile (39.3°C) and was depressed.
Complete blood count showed a marked leucocytosis
characterised by a marked granulocytosis (28,900 cells/μl) and
monocytosis (2600 cells/μl). Ultrasonography of the inguinal
region revealed the stump of the left spermatic cord to be
approximately 1.7 x 1 cm and of mixed echogenicity.
Additonally, there was a small amount of free pleural fluid
in the right hemithorax with moderate pleural roughening of

Fig 2: The sequential
microhaematocrit tubes on the left
show the varying degrees of
haemoglobinaemia evidenced by
pink to red discoloration of the
serum with the most severe episode
occurring on Day 6. The image to
the right is a urine sample from Day
6 demonstrating haemoglobinuria.

© 2013 EVJ Ltd

229EQUINE VETERINARY EDUCATION / AE / MAY 2014



both right and left lung fields; however, no regions of
atelectasis or consolidation were seen. Ultrasonography of the
abdomen was within normal limits. Based on these findings,
chloramphenicol administration was increased again to every
8 h and hydrotherapy of the surgery site initiated.

The WBC count decreased over the next 4 days and
despite no evidence of haemoglobinaemia in the serum and
a decrease in bilirubin, the PCV fell to 16%, which was
attributed to extravascular haemolysis of the transfused cells.
Haemoglobin concentration, which had been only mildly
decreased until this point, was now markedly decreased
(50 g/l, rr 110–190 g/l). Iron supplementation was initiated at
this time. Serology for Streptococcus equi M protein was
submitted after the culture results and was a moderate
positive with a titre of 1:1600. By Day 19, red cell parameters,
including the mean corpuscular volume (MCV), was at the
upper end of reference range (49.1 fl, rr 36–52 fl) for the past
few CBC analyses and red blood cell distribution width (RDW)
was also moderately increased (28.3%, rr 14–20%), both
corresponding to macrocytosis and variablilty in red cell size
seen on a peripheral blood smear, indicating likely red
blood cell regeneration. Despite this evidence, the PCV was
slow to rebound and there was concern over excessive
bone marrow suppression from concurrent administration of
chloramphenicol and azathioprine, especially with the long
duration of treatment with chloramphenicol (Sellon and Wise
2010). The Streptococcus equi ssp. equi was reported sensitive
to enrofloxacin and antibiotic therapy was switched to
enrofloxacin (10 mg/kg bwt per os q. 24 h) (Giguère et al.
1996; Papich and Rivere 2009). The GGT remained markedly
elevated (123 iu/l) and SDH was also moderately elevated
(10.2 u/l, rr 1.6–5.8 u/l) and the potential for streptococcal
cholangiohepatitis was considered, so enrofloxacin was also

considered to be beneficial due to its biliary excretion.
Alternatively, the elevated liver enzymes could have reflected
hypoxic injury secondary to the anaemia and the definitive
cause is not known in this case. The horse’s PCV began to
improve 2 days after discontinuation of chloramphenicol and
the WBC had returned to within normal limits.

Packed cell volume continued to improve throughout the
duration of the horse’s stay reaching 26% by Day 31. However,
WBC count began to increase on Day 29 and the horse was
intermittently mildly febrile. The inguinal region was more
swollen than previously and warm and painful to palpation.
Ultrasonography of the inguinal region revealed a 2 x 3 cm
pocket of fluid on the left side with hyperechoic debris and a
slightly smaller pocket of fluid on the right side. The horse was
reanaesthetised on Day 31 and the spermatic cord remnants
and associated scar tissue resected. There was a large
amount of unhealthy scar tissue surrounding the ligatures that
were placed on each cord at the first surgery and the left cord
had 5–6 ml of purulent discharge on cut surface 1 cm proximal
to the ligature (Fig 3). Emasculators were used for ligation and
no ligatures were placed. The inguinal region was lavaged
with cefazolin and sterile saline and the incisions were left
open to heal by second intention. Streptococcus equi ssp.
equi was cultured again with the same sensitivity pattern and
treatment with enrofloxacin was therefore maintained.

The horse was continued on enrofloxacin until the
incisions from the second surgery healed. Azathioprine was
reduced to every other day dosing for 30 days after the initial
daily dosing for 30 days. The horse continued to improve
clinically and his PCV was 31% at discharge (Day 56). The
horse was discharged 8 weeks after presentation and sent
home with recommendations to recheck blood work in one
month.

a) b)

c)

Fig 3: The excised portion of the left
spermatic cord from the first surgery
on Day 10 contained copious
amounts of necrotic, purulent
discharge (a). At the second
surgery on Day 31, both cords were
enlarged (b) and the left cord
contained a large amount of
purulent discharge (c).
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One month after discharge, the horse was doing well and
all blood work parameters had normalised. At the time of
publication (6 months after discharge), the horse continued to
do well and was being used for light riding.

Discussion
This case represents an unusual presentation of haemolytic
anaemia in a horse. Nonimmune-mediated causes of
haemolysis were considered initially. The horse was negative
for equine infectious anaemia and piroplasmosis. There was
no history of access to onions or red maple leaves.
Immune-mediated haemolytic anaemia was then suspected;
however, diagnosis can be challenging and is usually based
on the presence of one or more of the following signs:
regenerative response within the bone marrow, positive direct
Coombs test, increased RBC fragility in hypotonic saline and
autoagglutination (Sellon and Wise 2010). In this case, the
diagnosis of IMHA was confirmed with a positive direct
Coombs test, response to immunosuppressive therapy and
eventually evidence suggestive of regeneration including
increased MCV and RDW. While extravacular haemolysis
could also have been occurring, intravascular haemolysis was
occurring due to the presence of both haemoglobinaemia
and haemoglobinuria. Since primary IMHA is extremely
rare, differentials for secondary IMHA, including infectious,
neoplastic and drug induced were investigated. The presence
of bicavitary haemorrhagic effusion raised the level
of suspicion for neoplasia, specifically lymphoma or
haemangiosarcoma, both of which have been reported in
horses of this age (Saulez et al. 2004; Pusterla et al. 2005; Davis
and Rush 2013; Lee et al. 2013). However, the recent history of
castration along with the presence of a bilateral septic
funiculitis was also considered as a nidus of infection. The horse
had received ceftiofur crystalline free acid at the time of
castration and second and third generation cephalosporins
are common causes of drug induced IMHA in human
medicine so this was also considered (Garratty 2012). Due to its
extended release properties, it could have contributed to an
ongoing immune stimulus.

Initial treatment principles consisted of stabilisation,
immunosuppression and determining the underlying
cause. High dose dexamethasone (0.07–0.2 mg/kg bwt) is
recommended as the treatment of choice to prevent ongoing
haemolytic crises in cases of immune-mediated haemolysis. A
tapering dose, beginning with 0.07 mg/kg bwt was used in this
case; however, the horse relapsed when the dose was
decreased to 0.05 mg/kg bwt on Day 6 and again on Day 9.
Chloramphenicol was chosen due to its broad spectrum
of action, lipophilicity and the desire to avoid the use of
antibiotics that have been associated with IMHA or
nephrotoxicity.

The relapses lowered the clinical suspicion of a drug
induced anaemia as the horse had not received penicillin,
trimethoprim sulfa or any cephalosporins since the initial dose
of ceftiofur crystalline free acid1 at the time of castration 2
weeks prior to presentation (Robbins et al. 1993; Thomas and
Livesey 1998). Neoplasia and septic funiculitis were still likely
causes. Despite an intensive search for neoplasia including
ultrasonographic and radiographic examination of the
abdomen and thorax, cytological examination of the pleural
and peritoneal effusion and rectal palpation, no evidence for
neoplasia could be found. Previous reports of lymphoma have
been able to diagnose the condition based on cytological

examination of persistent or recurrent cavitary effusions,
radiography or ultrasonography (Saulez et al. 2004; McGovern
et al. 2011; Taintor and Schleis 2011; Davis and Rush 2013).
Further diagnostics for neoplasia, including an IgM RID assay,
liver biopsy, or bone marrow aspirate (Perkins et al. 2003;
McGovern et al. 2011) were not pursued at this time due to low
likelihood of disease.

Surgical resection of the infected spermatic cord is the
treatment of choice for septic funiculitis that does not respond
to medical management. However, it had not been pursued
due to the concern related to the potential for haemorrhage
and hypoxia in a horse that already had severe anaemia.
However, the ongoing haemolysis and patient deterioration
warranted surgical exploration and a blood transfusion was
administered to prevent further hypoxia.

The bilateral haemothorax and haemoabdomen at
presentation resolved after 48–72 h of draining and lavaging
and no definitive cause could be determined. It is possible that
a streptococcal induced vasculitis led to the diapedesis
of RBCs into the pleural and peritoneal space, however no
other signs of vasculitis were noted.

Culture of the spermatic cord remnant is important
as Streptococcus equi ssp. zooepidemicus or a
Staphylococcus sp. would have been more probable from this
location. These bacteria have not been reported to have
immune-mediated systemic sequelae like Streptococcus equi
ssp. equi and thus further diagnostics including the
streptococcal M protein ELISA would likely not have been
pursued. Furthermore, since the scrotal incision was healed in
this case and thus there was a lack of granulation tissue or
purulent discharge, it was the authors’ opinion that this case of
septic funiculitis better fit the clinical presentation of a scirrhous
cord as compared to a champignon, despite the fact that
scirrhous cords have classically been described as infection
with Staphylococcus sp. (Schumacher 2012). Consequently,
infection with Streptococcus sp. should be considered despite
the external presentation of the castration site and culture is
beneficial. It should be noted that no anaerobic culture was
performed and thus a Clostridial spp. infection cannot be
completely ruled out.

Infection with Streptococcus equi ssp. equi has been
associated with other immune-mediated complications
including purpura haemorrhagica, glomerulonephritis and
immune-mediated myositis. Purpura haemorrhagica has been
attributed to IgA and streptococcal M protein antibody-
antigen complex deposition on vascular endothelium leading
to a type III hypersensitivity (Pusterla et al. 2003; Sellon and Wise
2010). An immune-mediated myositis attributed to IgG or IgA
complexes with M protein has also previously been described
in horses where antibody-antigen complex deposition in
microvasculature is the underlying cause of the myositis (Kaese
et al. 2005; Sellon and Wise 2010). The moderate M protein titre
in this case combined with the positive direct Coombs test,
although not definitive, is suggestive that the immune-
mediated haemolytic anaemia was secondary to M protein
bound to the surface of RBCs and subsequent binding with
IgM or multiple IgGs and complement activation due to the
presence of intravascular haemolysis (Sellon and Wise 2010).
Thus, there is likely the potential for Streptococcus equi ssp.
equi to stimulate type II hypersensitivity in horses as well.

There is limited data on the use of azathioprine for
immunosuppressive therapy in the horse; however, this case
report adds increasing support for its use to the handful of
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case reports previously published in the literature. Despite
limited oral bioavailabity (White et al. 2005), azathioprine
has been used successfully to treat IMHA in one horse,
immune-mediated thrombocytopenia in 4 horses and
immune-mediated polysynovitis in 2 horses (Humber et al.
1991; Messer and Arnold 1991; McGuirrin et al. 2004; Pusterla
et al. 2006; Hardefeldt et al. 2010). Reasons for its use have
been due to failure to respond to corticosteroid treatment or
concern over laminitis with corticosteroid treatment, as was
the rationale in this case (Messer and Arnold 1991; Hardefeldt
et al. 2010). Its immunosuppressive effects are most likely
due to signal pathway inhibition of T cells, suppression
of antigen-specific B cell responses and suppression of
inflammatory cytokines (Divers 2010). Although no significant
adverse effects were seen in a pharmacokinetic study on
normal horses, due to its inhibition on purine synthesis and
cellular proliferation, horses should be monitored for evidence
of myelosuppression (Divers 2010). This can be difficult to
monitor when treating a horse that is already anaemic or
thrombocytopenic; however, a lymphopenia or neutropenia
should raise concern over toxicity. In this case, the PCV was
slow to rebound and there was concern over excessive
myelosuppression from concurrent administration of
chloramphenicol and azathioprine. Consequently, antibiotic
therapy was modified from chloramphenicol to enrofloxacin,
after which the PCV showed improvement. The horse was
maintained on azathioprine despite removal of the main nidus
of infection due to the concern of ongoing antigenic
stimulation from bacteria that had seeded other organ
systems.

Although no internal abscesses were able to be detected
in this case as with bastard strangles, it was presumed that
Streptococcus equi ssp. equi had infiltrated the lungs and liver.
At presentation there were large regions of consolidated lung
and severe pleural roughening which were originally
attributed to inflammation secondary to the large amount of
pleural effusion. However, the pleural roughening persisted for
weeks after the effusion was removed, raising the suspicion of
low grade pneumonia. A tracheal wash was not performed
since the horse was not clinical for the potential pneumonia
and the disinclination to temporarily cease antibiotic therapy.
With respect to the liver, GGT and ALP were consistently
elevated which were originally attributed to some degree of
cholestasis secondary to the large amount of bilirubin the liver
was having to filter, conjugate and excrete. However, SDH
was also moderately elevated raising the suspicion for
cholangiohepatitis. Ascending cholangiohepatitis of enteric
bacteria secondary to cholestasis has been proposed as a
mechanism for cholangiohepatitis in horses (Davis and Jones
2003). Since no biopsy or culture were performed due to their
invasiveness, critical state of the patient and results were
unlikely to alter treatment, the definitive cause of the elevated
liver enzymes cannot be determined. Differentials including
systemic spread of Streptococcus equi ssp. equi, ascending
infection or hypoxic injury secondary to anaemia are possible
explanations.

The recurrence of the scirrhous cord could have been due
to an inability to remove all of the infected tissue at the first
surgery or alternatively the suture that was placed at the first
surgery could have served as a nidus for infection. Placement
of a ligature when removing a scirrhous cord can potentially
be contraindicated for this very reason; however, in this case
the need to ensure haemostasis in an already severely

anaemic animal took precedence. No ligature was placed
after removal of the scirrhous cords at the second surgery
since the horse was more systemically stable at that time. On
cut surface after removal of the cords the second time, the
ligatures were found and appeared to be encapsulated in
fibrous scar tissue. The pocket of infection and purulent
discharge within the left cord was located approximately 1 cm
proximal to the ligature and did not appear to communicate
directly with the ligature.

In conclusion, IMHA should be considered as a potential
sequela of infection with Streptococcus equi ssp. equi. Horses
with septic funiculitis as the nidus of infection require removal
of the infected spermatic cord remnants; however, blood
transfusion may be necessary prior to general anaesthesia.
Placement of a ligature on the spermatic cord remnant is
controversial and one must balance the need to ensure
haemostasis with the risk of a potential nidus for infection. In
depth serial CBCs and serum biochemistries are necessary as
other organ systems may also be affected. Decreasing serial
bilirubin levels are helpful to monitor improvement and the
cessation of further haemolysis. Neoplasia should be
considered as a differential especially if there is pleural or
peritoneal effusion, and appropriate diagnostics performed.
Finally, azathioprine was used successfully as an
immunosuppressive therapy in this case without apparent
adverse side effects, adding further support to the growing
number of case reports for its use in horses.
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In this edition, Caniglia et al. (2014) describe a challenging
case of immune-mediated haemolytic anaemia (IMHA)
in a recently castrated horse. Due to the history of prior
administration of long acting ceftiofur (Excede)1, drug-
induced immune haemolytic anaemia (DIIHA) was initially
suspected. Consequently, initial treatment appeared to avoid
use of antibiotics of choice against streptococcal infection,
such as penicillin or cephalosporins (Erol et al. 2012), in favour
of chloramphenicol, which is subject to political and ethical
controversy (Gronwall et al. 1986; Page 1991). While the
present case in retrospect was not associated with drug use,
this commentary addresses the clear dilemma equine
clinicians face when DIIHA is suspected.

A number of questions have to be addressed, including:
Can the diagnosis be confirmed? What is the best treatment
option? If the original problem for which the incriminated drug
was administered persists, what alternative drugs will be safe to
use? What is the prognosis for recovery? What is the risk of
recurrence of DIIHA in the horse if the same or similar drugs are
used in the future?

Confirming the diagnosis
Immune-mediated haemolytic anaemia in the mature horse
can have several aetiologies including infectious processes,
underlying neoplastic disease, idiopathic causes and adverse
reaction to drugs (Mair et al. 1990; McConnico et al. 1992). In
man, DIIHA as a cause of IMHA is a well-known but very rare
complication (Andersohn et al. 2004) and the same is likely to
be true for horses. In cases of haemolytic anaemia in horses, a
history of medical treatment with a drug that has previously
been associated with DIIHA should alert the clinician to include
this as a differential diagnosis.

In man, over 100 different drugs have been reported to
cause haemolysis (Garratty and Arndt 2007), with selected
cephalosporins, specifically cefotetan and ceftriaxone, being
the main culprits for the past 30 years (Garratty 2009). In the
peer-reviewed literature regarding horses, only penicillin and
potentiated sulphonamides have been described to cause
DIIHA (Blue et al. 1987; Step et al. 1991; McConnico et al. 1992;
Robbins et al. 1993; Thomas and Livesey 1998). In the reports of
DIIHA caused by penicillin use in horses the treatment time
prior to clinical signs of haemolysis varied between 5 and 12
days (Blue et al. 1987; Step et al. 1991; McConnico et al. 1992;
Robbins et al. 1993). Historical data on previous exposure to
penicillin in these cases is not known. Ceftiofur has also been
incriminated as a common cause of DIIHA in the horse (Divers
2008). However, despite widespread use of this cephalosporin,
evidence of its relationship to DIIHA in the horse is lacking in the
scientific literature and even in publicly accessible regulatory
reports (e.g. http://toxnet.nlm.nih.gov/cgi-bin/sis/search/a?

dbs+hsdb:@term+@DOCNO+7445). Moreover, there were no
reports of haemolysis associated with ceftiofur
treatment in horses in New Zealand between 1994 and 2012
(Linley Thorburn, Ministry for Primary Industries, personal
communication 2013) or in Australia 1995–2010 (http://www.
apvma.gov.au/use_safely/adverse/index.php).

It is possible that the relationship between haemolysis and
the use of certain cephalosporins in man is the sole basis for
attributing ceftiofur as a common cause of DIIHA in horses.
Unfortunately, the global pharmacovigilance data on
ceftiofur from the pharmaceutical industry could not be
included to either support or refute its role in DIIHA.

Drug-induced immune haemolytic anaemia can be
caused by several mechanisms and these are neither fully
determined nor agreed upon (Petz and Garratty 2004; Pierce
and Nester 2011). The haemolysis caused by penicillin is best
understood, and is caused by the drug covalently binding to
protein. It is not clear whether this binding must occur directly
on the red blood cell membrane, or if penicillin is equally
immunogenic if it binds to serum proteins that are
subsequently adsorbed to the red cell membrane (Petz and
Garratty 2004). Interestingly, in man it has been shown that
use of intravenous penicillin-G previously stored for 4–24 h
induced significantly larger increases in anti-penicillin IgG
levels compared to when patients received freshly prepared
boluses. This was true for a solution that had been stored
either at room temperature or refrigerated at 4°C. These
findings suggest that penicillin degradation products may be
important factors in antibody formation (Neftel et al. 1982).
Neftel et al. (1984) also showed that the frequency of
reported adverse reactions to penicillin decreased when
hospital routines changed to the use of only freshly prepared
drug solution. This reaction to penicillin is a so-called
drug-dependent reaction. In vitro, the anti-penicillin
antibodies will not adhere to red blood cells unless penicillin is
also present. It is possible that several antibody populations
are produced simultaneously, with some antibodies directed
not only against the drug but toward an epitope that is a
combination of drug and red cell membrane. If the epitope is
mainly composed of red cell membrane components there is
a risk that in vitro reactions can occur without drug, mimicking
an autoimmune response (Petz and Garratty 2004). Some
drugs have the potential to induce the production of true
autoantibodies that do not require drug to cause positive in
vitro reactions, and this variant is indistinguishable from other
forms of IMHA (Pierce and Nester 2011). Theories for the
underlying mechanism include alterations to the red blood
cell membrane creating a neoantigen or, alternatively, direct
aberration in lymphocyte proliferation leading to emergence
of autoantibody producing clones (Dameshek 1967; Petz and
Garratty 2004). However, repeated drug administration does
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not initiate a more rapid onset of antibody production and
many aspects of this reaction are still unexplained (Petz and
Garratty 2004).

A more controversial suggested cause of DIIHA is the
‘immune complex mechanism’ (Petz and Garratty 2004). Here
either IgG or, more commonly, IgM antibody is presumed to
react with the drug in plasma, and the complex then adsorbs
to the red blood cell membrane. This mechanism has
been proposed for drug-induced platelet destruction, and
extrapolated to include the mechanism for DIIHA (Petz and
Garratty 2004). Again, in vitro reaction requires the presence of
drug. There is also experimental evidence that red blood cells
can act merely as carriers of IgG immune complexes to
phagocytic cells, delivering the antigen-antibody complex
without concurrent erythrophagocytosis (Sherwood and
Virella 1986), which poses the question whether this
mechanism is applicable to DIIHA.

Finally, nonimmunological adsorption of serum proteins,
including immunoglobulins, to the red blood cells may lead to
positive in vitro reactions and possibly also DIIHA. In this
situation, not only the patient’s serum will react with the red
blood cells, but normal sera will also cause positive reactions.
It is therefore important to use normal sera as a negative
control for drug-coated red blood cells in order to rule out this
mechanism (Garratty and Arndt 2007). Regarding the report
by Caniglia et al. (2014), where DIIHA caused by ceftiofur was
considered after the use of a single dose, nonimmunological
adsorption has been proposed as the mechanism for
cefotetan-induced haemolysis in man. In these cases,
haemolysis can occur after short-term perioperative use of the
drug with no history of previous exposure (Martin and Laber
2006).

In theory the direct antiglobulin test (DAT, Coomb’s test)
should be positive for all of the above mechanisms as it
should detect antibody and complement attached to the
membrane of red blood cells (Brockus and Andreasen 2003).
However, a positive Coomb’s test will not distinguish between
different causes of IMHA. Also, as with all tests false negative
as well as false positive results should be considered as
possibilities. False negative Coomb’s test results are very
common (Wilkerson et al. 2000) and the use of a test where
results are considered only if supportive of the initial clinical
suspicion is questionable. If a horse has anaemia in the face of
an active bone marrow erythroid response and no evidence
of external or internal bleeding, this clinical scenario is likely to
be more useful in support of a diagnosis of haemolysis than
performing a Coomb’s test. In the case of DIIHA caused by
penicillin, diagnosis can be made by incubating sera from the
patient with penicillin-coated red blood cells prepared in vitro
(Blue et al. 1987; Garratty 2009) but false positives may occur
as horses can have circulating anti-penicillin antibodies
without concurrent haemolysis (Blue et al. 1987). In most cases,
equine clinicians do not have the possibility to perform all the
laboratory tests required to confirm the diagnosis, which is
instead made by exclusion of other causes of haemolysis in
combination with a history of drug use and the progression of
the case after appropriate intervention.

Treatment
The most effective treatment of human patients with
life-threatening drug-induced haemolysis, alongside
appropriate supportive care, is the immediate discontinuation
of the suspected drug (Salama 2009). One case of

trimethoprim-sulfametoxazole induced haemolysis in a horse
responded to withdrawal of the drug only (Thomas and Livesey
1998). Of 6 equine cases of DIIHA due to penicillin (Blue et al.
1987; Step et al. 1991; McConnico et al. 1992; Robbins et al.
1993), 2 responded to no other treatment than supportive care
and discontinuation of the drug. The other 4 cases were
treated with varying doses of glucocorticosteroids in
conjunction with discontinuation of the penicillin. Two of
these received oral prednisone, which was unlikely to have
been sufficiently immunosuppressive to block any aberrant
immunological processes (Peroni et al. 2002). It is unclear
whether there are any benefits to steroid treatment in cases of
DIIHA in man, and routine use is not recommended (Garratty
2009; Salama 2009; Pierce and Nester 2011). This is different
from other causes of IMHA where immune suppressive drugs
may indeed be important (Mair et al. 1990).

Horses suffering from haemolysis caused by an
antimicrobial may have life-threatening infections that warrant
continued treatment. In man the general advice in cases of
DIIHA is to avoid further use of the same class of drug (Garratty
2009). However, according to a study on cefotetan and
ceftriaxone antibodies associated with haemolytic anaemia,
cross reactivity with other cephalosporins as well as with
penicillin was weak and inconsistent (Arndt and Garratty
2002), perhaps depending on what part of the molecule the
antibodies were directed to (i.e. central nucleus which is
shared by the different drugs vs. side chains, which will vary).

Prognosis
All horses except one in the published case reports referred to
in this text recovered from the anaemia. The horse that died
initially recovered, but suffered from suspected acute hepatic
failure more than a month after discharge and was subjected
to euthanasia (Step et al. 1991).

Future precautions
Intuitively the drug causing a haemolytic event should be
avoided for that individual in the future. It is unknown for how
long circulating antibodies will remain. In the equine cases
where IgG titres were recorded, these persisted for several
months (Blue et al. 1987; McConnico et al. 1992; Robbins et al.
1993). In one human report on penicillin-induced haemolysis
where the patient was rechallenged with penicillin 7 months
after the initial event, it took only 2 days of treatment for
significant haemolysis to develop (Petz and Fudenberg 1966).

Immunoglobulin M antibodies against penicillin are
common in horses and do not necessarily predispose to
haemolysis after penicillin treatment (Blue et al. 1987). In man,
anti-penicillin IgG antibodies can be present and increase with
penicillin treatment despite lack of occurrence of adverse
clinical effects such as haemolysis (Neftel et al. 1982). In an
attempt to reproduce haemolysis in one horse previously
diagnosed with penicillin induced DIIHA, penicillin was given
for 11 days with no further haemolysis noted, despite the
presence of circulating IgG antibodies to penicillin and a
subsequent increase in titres after treatment (Blue et al. 1987).
In man, this would be regarded as proof that the drug was in
fact not the inciting cause of haemolysis (Petz et al. 1983) and
underscores the difficulty of making a final diagnosis.

In summary, DIIHA in horses has to date been described
only after treatment with penicillin and potentiated
sulphonamides. The risk of this occurring with other drugs is
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unclear and any suspected cases clearly should be reported.
Drug-induced immune haemolytic anaemia is an uncommon
complication that, if diagnosed timeously has a good
prognosis for full recovery. Withdrawal of the causative drug is
imperative for remission, and the need for use of concurrent
steroid treatment in these cases should be critically
questioned. The cross reactivity between penicillin and
cephalosporin antibodies vary between cases and studies
(Spath et al. 1971; Arndt and Garratty 2002). Due to the
difficulties that may arise in obtaining a definite diagnosis of
the inciting cause of haemolysis it is advisable not to use the
same class of drug in future treatments for that individual.
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Case Report

Ascites in a 13-year-old miniature horse mare with an ovarian
granulosa theca-cell tumour: A manifestation of Meigs’ syndrome?
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Summary
A 13-year-old miniature horse mare presented for evaluation
of ascites. Abdominal ultrasound showed severe free
peritoneal fluid accumulation as well as a caudal abdominal
mass. The peritoneal fluid was characterised as a transudate
with no evidence of sepsis. Surgical exploration of the
abdomen was performed; copious free peritoneal fluid and a
large right ovarian mass were discovered. The abnormal ovary
was removed, and the mass was determined histologically to
be a benign granulosa theca-cell tumour. Although there
was mild peritoneal fluid accumulation in the immediate post
operative period, the ascites effectively resolved with removal
of the tumour, and the mare returned to a normal lifestyle. This
is similar to reports of Meigs’ syndrome in human women, in
which a benign ovarian mass of significant size causes ascites
that resolves once the mass is removed.

Introduction
Granulosa theca-cell tumours (GCTs) are reported to be the
most common ovarian neoplasm in the mare (McCue et al.
1998). They often present as an enlarged ovary with typical
clinical behavioural changes in mares, including abnormal
cycling patterns and stallion-like behaviour (Clark 1975; Stickle
et al. 1975; McCue et al. 1998). GCTs have also been reported
in conjunction with hypertrophic osteopathy (Packer and
McKane 2012), obstruction of the small colon (Mair 2002), and
haemoperitoneum (Gatewood et al. 1990; Alexander et al.
2004). Also recently described are 2 cases in which GCTs had
significant adhesions to other abdominal organs (Rambags
et al. 2003), and while they have been diagnosed primarily
in nongravid mares, a recent report documents the
management of GCT during pregnancy (Crabtree et al. 2013).

Granulosa theca-cell tumours are most often benign,
although metastatic GCTs have been previously reported,
including a poorly differentiated malignant GCT in a young
miniature horse (Meagher et al. 1977; Gift et al. 1992; Patrick
et al. 2003). One case report presented granulomatous
dermatitis as a possible paraneoplastic syndrome associated
with a malignant GCT in a mare (Abbott et al. 2004). No breed
predilection has been reported in the literature (Meagher
et al. 1977). There are currently no reports of GCTs presenting
with ascites. However, ascites has been associated with
other intra-abdominal neoplasms in horses, including
lymphosarcoma and mesothelioma (Nyack et al. 1984;
Dobromylskyj et al. 2011).

Meigs’ syndrome describes a triad of ascites, pleural
effusion, and the presence of a benign, solid ovarian mass in
women. While rare, Meigs’ syndrome is well reported in human
medical literature. This syndrome was initially described in

relation to ovarian fibromas but has also been seen with
benign GCTs (Meigs and Cass 1937; Kaur et al. 2009). This case
report describes the clinical course and treatment of a
miniature horse mare with a benign GCT presenting with
ascites.

Case history
A 13-year-old, approximately 150 kg, miniature horse mare
presented to Paton and Martin Veterinary Services Equine
Hospital for further evaluation of a distended abdomen. She
had presented to her regular veterinarian 2 days prior with
acute anorexia, and had a several month history of increasing
abdominal distention reported by the owner. The distention
had been frequently dismissed as the mare simply being
overweight. Six months prior to presentation, the mare had
been placed on a diet after a mild bout of laminitis, and the
owner felt the mare continued to have an excessively round
appearance to her abdomen despite restriction of feed
intake.

Her regular veterinarian had treated her for a suspect small
colon impaction with oral and intravenous fluids, although the
mare did not show signs of colic and continued to pass normal
faeces. Her abdomen remained distended and her attitude
was quieter than normal. A complete blood count and
chemistry performed prior to referral showed a low total
protein at 51 g/l (reference range [rr] 57–70 g/l), low albumin
at 25 g/l (rr 26–38 g/l), and concurrently decreased calcium at
2.54 mmol/l (rr 2.6-3.2 mmol/l) with no other abnormalities.
Abdominal ultrasound examination revealed excessive free
peritoneal fluid. When sampled, the fluid appeared mildly
sanguineous, and evaluation revealed its character as a
modified transudate, with a total white cell count of 0.315 × 109

cells/l (rr<5 × 109 cells/l) and a total protein concentration of
14 g/l (rr<25 g/l). The mare was subsequently referred for
further evaluation.

Clinical and surgical findings
On presentation, the mare was quiet but alert and responsive.
She was mildly tachycardic (60 beats/min), although cardiac
and pulmonary auscultation were normal. She had a severely
distended abdomen (Fig 1), but all other physical examination
parameters were within normal limits. On admission, her
packed cell volume (PCV) was 44% (rr 30–44%) and total solids
measured 46 g/l (rr 52–79 g/l). In light of prior work-up by the
referring veterinarian earlier in the day, initial examination
began with abdominal and thoracic ultrasonography, which
revealed copious free anechoic peritoneal fluid. The spleen,
liver, other abdominal organs, and omentum appeared
normal. In the caudal right mid-abdomen near the caecum, a
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mass-like structure measuring approximately 8 cm by 9 cm
was visualised (Fig 2). Thoracic ultrasound examination was
unremarkable. Since the referring veterinarian had already
performed multiple rectal examinations, and out of concern
for the patient’s size, additional rectal palpation was not
performed that evening. Abdominal exploratory surgery was
recommended to further investigate the clinical findings, and
the owner elected to pursue surgery the following morning.

In order to make the mare more comfortable until surgery,
6 l of abdominal fluid were slowly drained via a teat cannula.
During the procedure, the mare’s heart rate was monitored
periodically and remained steady at 60 beats/min. The
appearance of the fluid was moderately sanguineous,
consistent with earlier findings. Following this, the mare was
given 6 l of crystalloid i.v. fluid in multiple boluses overnight. In
the morning prior to surgery, her PCV was 45% and total solids
44 g/l, indicating mild dehydration despite fluid replacement.
To provide oncotic support during anaesthesia, assuming
total solids were slightly lower than measured due to
haemoconcentration, she was administered 950 ml of equine
hyperimmune plasma (Equiplas)1 This volume was chosen
based on mild protein deficit and cost considerations.

In preparation for surgery, her abdomen was clipped and
scrubbed with the mare standing. Preoperative sodium

penicillin (Penicillin G Sodium, 22,000 i.u./kg bwt i.v.)2 and
gentamicin (Gentocin, 6.6 mg/kg bwt i.v.)3 were administered,
as well as a dose of flunixin meglumine (Banamine, 1.1 mg/kg
bwt i.v.)3. She was premedicated with xylazine (Rompun,
0.8 mg/kg bwt i.v.)4 and butorphanol tartrate (Torbugesic,
0.02 mg/kg bwt i.v.)5. General anaesthesia was induced with
ketamine (Ketalean, 2.2 mg/kg bwt i.v.)6 and diazepam
(0.10 mg/kg bwt i.v.)7 and maintained with isoflurane (IsoFlo)8

in 100% oxygen. Crystalloid fluids were provided under
anaesthesia at a rate of 10 ml/kg bwt i.v./h, and blood
pressure was monitored directly via a catheter in a facial
artery.

An abdominal exploratory via ventral midline celiotomy
was performed, revealing over 25 l of sanguineous free
abdominal fluid and an approximately 20 cm diameter right
ovarian mass (Fig 3), which was removed in its entirety
following multiple ligation of the ovarian pedicle with No. 2
polydioxanone suture and submitted for histopathological
evaluation. The remainder of the visible abdomen appeared
grossly normal except for a small portion of the greater
omentum, which was submitted for histopathology after
omentectomy was performed. During surgery, periodic
hypotension (mean arterial blood pressure <60 mm/Hg) was
managed with dobutamine7 (1–3 ug/kg bwt i.v./min),
hypertonic (7.2%) saline (1 l bolus i.v.), and phenylephrine7

(0.01 mg/kg bwt i.v.) to achieve mean pressure of
75–85 mm/Hg. Arterial blood was sampled once close to the
end of the procedure to measure pH, blood gases, and
lactate using an i-STAT portable analyser and a CG4+
cartridge. The only abnormality was a mildly elevated lactate
(2.61 mmol/l, rr 0.36-1.25 mmol/l). Anaesthetic recovery was
uneventful, and the mare was initially managed post
operatively with intravenous fluids and sodium penicillin
(22,000 i.u./kg bwt i.v. q. 8 h), gentamicin (6.6 mg/kg bwt i.v.
q. 24 h), and flunixin meglumine (1.1 mg/kg bwt i.v. q. 12 h).

Fig 1: 13-year-old miniature horse mare at presentation with
severely distended abdomen.

Fig 2: Caudal abdominal mass surrounded by excess free
peritoneal fluid.

Fig 3: Right ovarian mass removed via ventral midline celiotomy.

© 2014 EVJ Ltd

238 EQUINE VETERINARY EDUCATION / AE / MAY 2014



Twenty-eight hours after surgery, the mare became mildly
febrile at 38.9°C (rr 37.3–38.5°C), and her antimicrobial
regimen was changed to enrofloxacin (Baytril 100, 5 mg/kg
bwt i.v. q. 24 h)4. She remained afebrile from the following day
onward. In the immediate post operative period, the mare’s
attitude was slightly dull and her appetite poor. She was also
displaying intermittent bruxism. Despite normal physical
examination parameters, post surgical pain was subjectively
considered significant based on the bruxism and depression.
Therefore, the mare was treated as needed with butorphanol
tartrate (0.05-0.08 mg/kg bwt i.m. q. 6–12 h), which improved
both her attitude and appetite. Additionally, she was started
on omeprazole (GastroGard, 4 mg/kg bwt per os q. 24 h)9.

Packed cell volume and total solids were measured daily
throughout her hospitalisation. The morning following surgery,
the PCV decreased to 37% and total solids was 48 g/l. Two
days post surgery, the PCV was 30% and total solids 52 g/l.
Three days post surgery, the PCV had dropped to 25% and
the total solids remained the same. Repeat abdominal
ultrasound that day revealed a moderate increase in free
abdominal fluid, which appeared mildly echoic and
swirling (Fig 4). Suspicious of potential haemoabdomen, an
abdominocentesis was performed, revealing fluid of
sanguineous appearance. The PCV of the fluid was 5%.
Cytological evaluation revealed the fluid was poorly cellular
and was considered a transudate like the fluid found on initial
presentation (total white cell count 0.840 × 109 cells/l and total
protein of 20 g/l).

After this point, the fluid did not continue to accumulate to
a measurable degree. The mare was discharged from the
hospital with oral flunixin (1.1 mg/kg bwt per os q. 12 h)10 and
enrofloxacin (7.5 mg/kg bwt per os q. 24 h)10 after 7 days of
hospitalisation with instructions to remain on stall rest for 8
weeks.

The ovarian mass was determined to be a typical, benign
GCT. Evaluation of the abnormal omental tissue revealed no
evidence of neoplasia, but rather scarring and proliferation of
the serosal epithelium at this location as a reactive change
(chronic fibrosing serositis). A follow-up examination 2 months
post hospital discharge revealed a normal mare with a normal
abdominal contour (Fig 5). Brief abdominal ultrasonography
showed no excess abdominal fluid. The mare was bright, alert,
responsive, and she had resumed her normal activities of
being ridden and shown by a child.

Discussion
The development of ascites in equids follows the same general
mechanisms as in other species. Increased hydrostatic
pressure is one such mechanism; right ventricular heart failure
is the best example, wherein an increase in preload is what
creates a peritoneal transudate accumulation. Decreased
intravascular oncotic pressure is another mechanism that can
allow peritoneal transudate accumulation via fluid diffusion
from the vasculature, although peripheral oedema is more
typically noted. Ascites can also be caused by peritonitis, due
to increased fluid production by epithelial cells in the
abdomen. If the peritonitis is nonseptic or the septic process
has only just started, this increased peritoneal fluid can be
characterised as a transudate. Similarly, increases in fluid of this
character can be a result of increased fluid production by
some abdominal neoplasms (Foreman 2010).

In this case, right heart failure was ruled out based
on history and normal physical examination (no heart
murmur, jugular pulse, or history of exercise intolerance). The
mare’s total serum protein and albumin concentrations
were decreased, however mildly and not to the level
expected to allow such fluid diffusion. A specific cause for
hypoproteinaemia was not identified at the time of
examination; the mare was in good body condition, had
normal renal and hepatic parameters on blood analysis, and
no history or evidence of diarrhoea. Plasma was administered
as a source of colloid to help boost the mare’s oncotic
pressure prior to anaesthesia and help prevent further
extravascular fluid accumulation in the face of crystalloid fluid
replacement.

There was no evidence of sepsis on either the initial
examination or abdominocentesis, but a potential developing
septic peritonitis could not be definitively ruled out at
presentation. With the ultrasound examination highly
suspicious for an abdominal mass and the presence of such a
large volume of peritoneal fluid, exploratory surgery remained
a most valuable diagnostic and potential treatment option. In
this case, surgery revealed a substantially sized GCT. It is
possible that during ultrasound examination, only a portion of
a lobulated tumour was seen, as the caecum appeared to
prevent further visualisation of the mass.

Ascites can be associated with certain malignant
abdominal neoplasms in horses (e.g. mesothelioma), but

Fig 4: Mildly echoic free peritoneal fluid 3 days post ovarian tumour
removal.

Fig 5: The same mare 2 months post operatively with no evidence
of abdominal distention. Repeat abdominal ultrasound revealed
no excess free peritoneal fluid.
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neoplastic abdominal effusions are generally rare in horses
(Nyack et al. 1984; Foreman 2010; Dobromylskyj et al. 2011).
Ascites related to malignant ovarian tumours is frequently seen
in women, and the presence of ascites is used to predict
malignancy of pelvic masses and stage carcinomas of the
human ovary (Shen-Gunther and Mannel 2002; FIGO
Committee 2009). Granulosa theca-cell tumours occur in
humans, but they are rare compared to the diagnosis in
equids. Similar to their character in equids, they are typically
considered of low malignant potential and the majority
present with endocrine-associated clinical signs due to
increased oestrogen or androgen production by the tumour
(Schumer and Cannistra 2003; Jamieson and Fuller 2012).

Meigs’ syndrome describes a unique clinical phenomenon
in women wherein ovarian fibromas present with both ascites
and pleural effusion that resolves once the tumour is resected
(Meigs and Cass 1937; Kaur et al. 2009). The definition of this
syndrome has been expanded over the years to include GCTs
and other solid, benign ovarian masses, and has also been
rarely reported with other abdominal tumour types. Most
commonly reported presenting signs are abdominal distention
and ‘fullness’, dyspnoea, and a palpable abdominal mass. In
one case with a GCT, vaginal bleeding (an oestrogen
associated clinical sign) was also present (Rush 1976;
O’Flanagan et al. 1987; Buckshee et al. 1990; Choi et al. 2005;
Kurai et al. 2005; Maeda et al. 2011).

The mechanism by which excess abdominal fluid is
produced in Meigs’ syndrome is not confirmed, but there are
several theories on its production. Solid masses of significant
size may irritate peritoneal surfaces and thus stimulate fluid
production, and large tumours may secrete fluid of
measurable quantity themselves or produce mediators that
stimulate fluid production. Tumour size may be one of the most
important factors in the development of fluid, with larger
tumours being more commonly reported in conjunction with
ascites. In this syndrome, the pleural effusion is believed to
occur as a result of peritoneal fluid translocation across
diaphragmatic lymphatics (O’Flanagan et al. 1987; Kurai et al.
2005). The absence of free pleural fluid in this case would
indicate that this fluid translocation across diaphragmatic
lymphatics did not occur in this particular case, but we cannot
conclude that it may not be a feature in other cases. For this
reason, the authors recommend ultrasonographic evaluation
of the thorax in cases presented with ascites.

Mild peritonitis is expected after abdominal surgery
(Hanson et al. 1992), and this mare experienced peritoneal
fluid accumulation in the first 3 days post operatively. A
concurrently decreasing PCV raised a concern of
haemorrhage in the abdomen. However, fluid analysis
revealed neither haemoabdomen nor appreciable peritonitis.
Fluid accumulation was likely a normal secondary response to
celiotomy, and PCV changes may simply have been related
to rehydration in the face of dehydration found on initial
presentation.

In this case, while neoplasia was suspected, discovery of a
benign GCT was not anticipated based on history and clinical
signs. Typical endocrine associated signs were not seen in this
mare. However, it is clear that GCTs in equids have extremely
varied clinical presentations. Although ascites has not been
reported in conjunction with a benign ovarian tumour in
equids until now, this patient had significant ascites and a
large, solid abdominal mass. Despite mild excess free
abdominal fluid in the immediate post operative period, the

ascites effectively resolved after tumour removal similar to
case reports of Meigs’ syndromes in humans. This case
represents both an interesting and positive outcome in a
patient presenting with ascites.
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Clinical Commentary

Granulosa cell tumours - diagnostic considerations
I. J. Cameron
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The report by Hector and Cruz (2014) describes an unusual
presentation of a granulosa cell tumour (GCT) in a miniature
horse. Granulosa cell tumours are reported to be the most
common ovarian tumour in the mare (McCue 1992), but can
have a variety of different presenting signs. This can range from
an incidental finding in a normal reproductive examination
(Crabtree et al. 2013) to behavioural abnormalities such as
prolonged anoestrus, stallion-like behaviour and persistent
oestrus (Meagher et al. 1977; Stabenfeldt et al. 1979; Crabtree
2011). In addition, granulosa cell tumours have been
associated with colic (Meagher et al. 1977; Huttgreen et al.
1987; Wilson et al. 1989; Van der Zaag et al. 1996; Sedrish et al.
1997); intra-abdominal haemorrhage (Green et al. 1988;
Alexander et al. 2004; Harper et al. 2010); lameness (Gift et al.
1992) and paraneoplastic syndromes such diabetes mellitus
(McCoy 1986), hypertrophic osteopathy (Lavoie et al. 1992),
lymphoma (Henson et al. 1998) and granulomatous dermatitis
(Abbott et al. 2004). Malignancy is not common but has been
previously reported (Ellenberger et al. 2007). Granulosa cell
tumours have also been previously reported in foals (Huttgreen
et al. 1987; Green et al. 1988; Harper et al. 2010) and can
appear in mares of any age.

The mare in the report by Hector and Cruz (2014) in this
issue presented with ascites. Exploratory laparotomy was
performed before a rectal examination because this was
a miniature horse and there was sufficient indication to
perform an exploratory surgery without performing a rectal
examination. As a result, a GCT was not considered prior to
surgery. However, the presentation for a GCT was unusual, so is
unlikely to have been a genuine consideration on a differential
diagnosis list for most clinicians. Meigs’ syndrome describes a
triad of ascites, pleural effusion and benign, solid ovarian
tumours in women (Meigs and Cass 1937; Kaur et al. 2009). The
mechanism by which excess abdominal fluid accumulates is
not confirmed, but may be due to irritation of the peritoneal
surface, or large tumours may secrete fluid or produce
mediators that stimulate fluid production. Pleural fluid is
considered to accumulate as a result of translocation of
peritoneal fluid via diaphragmatic lymphatics, but was not a
finding in this particular case.

Due to the variety of presenting signs, definitive diagnosis
of a GCT is based on palpation and ultrasonography of the
reproductive tract and ovaries in particular, endocrine
diagnostic tests and histology of ovarian tissue. The classic
ultrasound appearance is a large ovary, with a mixed
echogenicity (‘honeycomb’ appearance), with a small
contralateral ovary. In reality, the affected ovary does tend to
be enlarged, but cannot be ruled out by echogenic
appearance, as they can appear as a single fluid-filled
structure (like a haemorrhagic anovulatory follicle initially), or
have a multicystic appearance. The contralateral ovary may
appear normal and have evidence of cyclicity early in the
course of the disease. There are reports of mares that have a

GCT successfully conceiving and maintaining a pregnancy
(Crabtree et al. 2013), confirming that normal ovulation and
corpus luteum development can occur, at least early in the
disease process.

The results of endocrine diagnostic tests are important
to allow the clinician to assess the requirement for intervention
(surgical removal) of a potential GCT. Endocrine tests involve
assessment of testosterone, progesterone, inhibin and anti-
Müllerian hormone (AMH). Ball et al. (2013) reported that
testosterone was elevated in 48% of mares with histologically
confirmed CGT, inhibin was elevated in 80% of cases, a
combination of elevated testosterone and inhibin was present
in 84% of cases and AMH was elevated in 98% of cases.
Progesterone is usually low, as there is suppression of cyclical
activity, but can be increased early in the course of the
disease process. Assays for inhibin have been available for
some time. Inhibin is produced by the granulosa cells of the
ovarian follicles, the pituitary gland, placenta and corpus
luteum and suppresses FSH. Anti-Müllerian hormone is a protein
hormone closely related to inhibin and is produced by the
granulosa cells of the ovary and also suppresses FSH release.
Based on the reports by Ball et al. (2013), AMH has a high
sensitivity (98%) for detection of GCT, so as the assay for
this hormone becomes more readily available, it is likely
that this will become central to the diagnosis of GCT in
conjunction with clinical signs and evaluation of the
reproductive tract.

Once the diagnosis is made, treatment involves the
removal of the affected ovary. This is usually performed via
laparoscopy, but can be done via ventral midline celiotomy,
as was the case in the report by Hector and Cruz (2014) in this
issue. Laparoscopy has significant benefits as it is less invasive
and has less post operative complications. Histology of the
tissue of the affected ovary is advisable to confirm the
diagnosis. The cyclical activity of the contralateral ovary
tends to be suppressed following surgery. It is reported to take
an average of 8.5 months (Meagher et al. 1977) for
resumption of ovarian follicular activity, although in some
cases the remaining ovary can remain inactive for several
years.

In conclusion, GCT tumours are the most common ovarian
tumours in mares. There are a number of potential presenting
signs and, based on the report by Hector and Cruz (2014),
should now include ascites. Diagnosis is based on examination
of the reproductive tract by palpation and ultrasonography
and assessment of endocrine tests for which the relatively
novel use of AMH would appear to offer improved sensitivity
compared to results from other endocrine assays. It is
important to remember that some evidence of cyclicity may
be evident early in the course of the disease and the
ultrasound appearance of the affected ovary can be
variable, so the clinician should consider this and include GCT
in an initial differential diagnosis list for any mare presenting
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with an enlarged ovary and exclude the diagnosis on the basis
of case progress and endocrine tests.
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An ultimobranchial thyroid cyst in a horse
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Summary
A one-year-old female trotter was examined for an enlarging
mass on the proximoventral aspect on the right side of the
proximal cervical area. On clinical and ultrasonographic
examination the mass was found to be a fluid filled cavity of
approximately 8 cm in diameter surrounded by a capsule. The
right lobe of the thyroid gland was closely related to the mass.
The mass and the right thyroid gland were surgically excised.
Histological examination revealed an ultimobranchial cyst.
This is the first description of the diagnosis and treatment of a
thyroid cystic abnormality related to the fifth branchial pouch
(ultimobranchial body) in a horse.

Introduction
The thyroid gland is a relatively small but important organ in the
horse and its function is mainly related to the production and
storage of thyroid hormones, T3 and T4, acting on a wide
variety of tissue types (Dellmann 1993). The thyroid gland
contains C cells or parafollicular cells producing calcitonin
(Bussolati and Pearse 1967; Dellmann 1993).

The branchial apparatus appears in the second week of
gestation and is the embryological precursor of multiple
structures of the head (Maran and Buchanan 1978). It consists
of 6 pairs of branchial arches that consist of a core of
mesenchyme, covered by ectoderm on the external side and
endoderm on the internal side (Maran and Buchanan 1978).
The arches are separated by 5 branchial clefts on the outside
and 5 branchial pouches on the inside (Maran and Buchanan
1978). C cells originate embryologically from an out pocketing
of the fifth branchial pouches, also known as the
ultimobranchial bodies (Sadler 1995; Koch 2005). The latter fuse
with the thyroid and become embedded within the gland,
giving rise to the C cells (Biddinger and Ray 1993).

Abnormalities related to the branchial apparatus comprise
malformations, sinuses or cysts and they are well described in
man (Rickles and Little 1967; Fukumoto et al. 1994; Ahuja et al.
2000; Koch 2005). Several cases have been reported in horses.
A cyst related to the second branchial apparatus was
described by Hance et al. (1992). Abnormalities concerning
cysts of the third, fourth and sixth branchial apparatus have
been described in horses by Nolen-Walston et al. (2009). David
et al. (2008) reported a case of cystic third branchial pouch
abnormality in a colt, and Lane (2001) described 60 cases of
defects of the fourth branchial arch. An ultimobranchial cyst
unrelated to the thyroid gland in the proximal aspect of the
neck in a horse was described by Boussauw and De
Baerdemaeker (1998).

The purpose of this paper is to report the diagnosis and
treatment of a cystic abnormality of the thyroid related to the
fifth branchial pouch (ultimobranchial body) in a horse.

Case summary

History
A one-year-old female trotter was referred with an enlarging
mass on the proximoventral aspect on the right side of the
proximal cervical area. The mass had been noticed 4–5
months earlier. Ultrasonography of the mass was performed
and serohaemorrhagic fluid was aspirated. An analysis of the
fluid was nondiagnostic.

Clinical examination
On initial clinical examination, the filly was found to be bright,
alert, responsive and in good body condition. On pulmonary
auscultation slight crepitation was heard bilaterally over the
dorsocaudal pulmonary area; however, there were no other
clinical signs of respiratory disease. On the right side of the
proximoventral cervical region a mass of approximately 8 cm
diameter could be palpated. The mass was soft, cystic,
nonpainful and seemed nonadherent to the surrounding
tissues. Blood samples were collected on admission.
Haematological examination revealed moderate leucocytosis
(14.4 × 109/l; neutrophils 11.1 × 109/l). Biochemical findings were
normal. The haematology was repeated 6 days later and all
parameters were within the normal range.

Endoscopy
Preoperative laryngeal endoscopy showed the larynx and
trachea to be normal. Unfortunately the filly was lost to
follow-up and no post operative control endoscopy was
performed.

Ultrasonography
Ultrasonography revealed that the mass represented the
enlarged right lobe of the thyroid gland which contained a
fluid filled cavity. This latter measured approximately 8 cm in
diameter, not including the thyroid gland (Fig 1). The cystic
cavity was surrounded by a dense capsule and the fluid
appeared homogeneous.

Laboratory evaluation
A fine needle aspirate from the mass yielded a yellow fluid with
a density of 1345, and a protein content of 51 g/l. A few red
blood cells and few (<10) neutrophils and lymphocytes were
identified in the fluid.

In the sample fluid, free T4 was measured at 18 pmol/l.
Baseline, free T4 measurements in the blood were measured
4 times at one hour intervals, with results of 21, 18, 17 and
17 pmol/l respectively. The results were all above 10 pmol/l,
indicating that free T4 values were within the normal range.

Treatment
After routine premedication, thyroidectomy of the right thyroid
lobe including the cyst was performed under general
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anaesthesia in dorsal recumbency using a technique similar to
that described previously (Elce et al. 2003) (Fig 2). A silicon
drain was placed exiting a stab incision ventrally and the
wound was sutured. A compressive bandage was placed over
the wound. The thyroid lobe which included the fluid filled
cavity, was submitted for pathological examination. The horse

was treated post surgically with penicillin G procaine for 6 days
and phenylbutazone for 8 days. The wound was treated with
daily bandage change and external disinfection using 1%
iodine solution. There was drainage of serohaemorrhagic fluid
until the drain was removed 4 days after surgery. On the sixth
day after surgery the draining opening had closed and an
accumulation of serohaemorrhagic fluid was aspirated from
the surgical site to reduce the risk of infection and compression
on the surrounding tissues. Further fluid accumulation was not
detected. One week post surgery the horse was discharged
with sulfa-trimethoprim and phenylbutazone for 7 days.

Histopathological examination
The mass was fixed in 10% neutral buffered formalin, processed
routinely and embedded in paraffin wax. Sections of 4 μm
were cut and stained with haematoxylin and eosin and
safranin.

Histological examination of the mass revealed a cystic
structure situated at the margin of the right thyroid lobe. The
cyst wall consisted of a thick fibrous capsule lined by
keratinising stratified squamous epithelium (Fig 3). These
findings were consistent with an ultimobranchial cyst. The
cystic cavity also contained acidophilic material containing
red blood cells, crystals of cholesterol, deposits of calcium,
and inflammatory cells (macrophages).

Follow-up
Unfortunately, the filly was lost to follow-up.

Discussion
This was a case of a slowly enlarging nonpainful cystic mass of
the right proximal, ventral, cervical region of a horse, which
was found to represent an ultimobranchial cyst of the thyroid.
Enlargement of the thyroid gland may represent several
different pathological changes of more or less clinical
relevance. The consequences of an enlarged thyroid can be
physical by virtue of compression of vital structures (Elce et al.
2003; Nolen-Walston et al. 2009) or related to hormone
imbalance, which is uncommon in horses but common in
several other species (Turrel 1995).

Fig 1: Cystic mass in the right thyroid gland – ultrasonographic
appearance.

Fig 2: Extirpated right thyroid gland containing the cyst.

Fig 3: Ultimobrachial cyst of thyroid gland lined by squamous
epithelium. Haematoxylin and eosin ×250.
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In the horse, enlargement may represent follicular cell
adenoma, C cell adenoma, adenocarcinoma, mast cell
tumour, medullary carcinoma, abscess, haematoma, follicular
cell cyst or an ultimobranchial cyst, as described in this report.

Ultrasonography was helpful to visualise the mass as a fluid
filled cavity closely related to the right thyroid lobe.

Branchial remnant abnormalities are the most likely cause
of cystic masses in the cervical region in horses. Other types
of congenital anomalies such as thyroglossal duct cysts
(Uberreiter 1968), tracheal (Peek et al. 1995), bronchial (Baxter
et al. 1992) or oesophageal (Orsini et al. 1988; Sams et al. 1993)
duplication cysts were ruled out because of the location of this
cyst within the thyroid gland.

Human ultimobranchial cysts are described as being lined
by keratinised squamous epithelium (Roediger et al. 1977;
Jubb et al. 2007) as in the present case. The origin of an
ultimobrachial cyst is from the C cells, but these cells are not
described to be present in the cyst linings (Jubb et al. 2007).
Immunohistochemistry may have helped to visualise C cells in
the mass, but it was not performed in the current case. An
origin from the thyroglossal duct was also a possible diagnosis
of a cyst located within the thyroid gland, but such a cyst
would have been lined by cuboidal thyroid epithelium (Joffe
1990; Jubb et al. 2007; Kelmer et al. 2007). The fact that the
fluid aspirated from the cyst contained cholesterol crystals on
histological examination supports the diagnosis of a cyst of
branchial remnant origin (Titchener and Allison 1989), but
cholesterol crystals may also indicate the site of an old
haemorrhage or tissue necrosis and are therefore not a
significant finding.

Branchial remnant abnormalities can be cysts, sinuses or
fistulae (Ahuja et al. 2000). A sinus is characterised by having a
tract communicating either internally or externally. A branchial
fistula communicates both internally and externally and is a
result of persistence of remnants of both branchial cleft and
pharyngeal pouch. If no communication occurs with inner
mucosa or neck skin, the branchial remnant is by definition a
cyst (Maran and Buchanan 1978; Koch 2005).

In human patients with branchial apparatus abnormalities,
cysts are seen more often than sinuses and fistulae (Maran and
Buchanan 1978; Ahuja et al. 2000; Koch 2005). The distribution
of branchial anomalies in horses seems to be similar with only
one case of a suspected sinus described (David et al. 2008),
compared to several descriptions of cystic masses (Field et al.
1990; Slovis et al. 2001; Nolen-Walston et al. 2009).

In the present case, there seemed to be no evidence
of communication to epithelial surfaces since, on
ultrasonography, the mass appeared as a closed cavity.
Contrast x-ray, could have helped visualise a possible internal
opening (Fukumoto et al. 1994) but was not performed
preoperatively. During removal of the mass there was no
indication of a communicating tract.

Free serum T4 measurements were made in the present
case as a part of the diagnostic work-up of a horse presented
with an enlarged thyroid gland. Elevated T4 levels are rarely
measured in horses and only few cases are described in
association with thyroid gland neoplasia (Ramirez et al. 1998;
Alberts et al. 2000). In this cystic case, T4 values are of less
relevance and were found to be within the normal range
based on 4 measurements taken at one hour intervals. When
interpreting the T4 level it is important to recognise that factors
such as food intake, time of day (Messer et al. 1995) and
treatment with drugs (Ramirez et al. 1997) can influence

measured hormonal concentration. Ultimobranchial cysts are
known to be related to C cells, which produce calcitonin.
Retrospectively, it would have been more relevant to measure
calcium level that is controlled by calcitonin rather than T4. This
was not done because the diagnosis was rare and only made
post operatively.

In horses, the decision to perform a hemithyroidectomy is
usually based on physical disturbances caused by the
enlarged gland rather than signs of hormonal imbalances
(Alberts et al. 2000; Elce et al. 2003), as in the present case.

Thus, an ultimobranchial body cyst should be considered
as a differential diagnosis in horses with cysts located in the
proximal cervical area, including the thyroid gland.

In conclusion, this report is the first description of the
diagnosis and treatment of a thyroid cystic abnormality
related to the fifth branchial pouch (ultimobranchial body) in
a horse.
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Clinical Commentary

Thyroid masses and their causes
Y. Elce
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The accompanying case report by Østergaard et al. (2014) is
an example of our growing body of knowledge about thyroid
masses and the various causes. There are a few reasons for a
mass to be present in the proximal cervical region and clinical
presentations are varied. Unfortunately, due to a relative
scarcity of cases, the literature tends to be composed of
various case reports or short case series meaning there is a
relative lack of evidence-based literature. However, these
case reports are adding to a gradually expanding pool of
knowledge and provide good practical and clinical
information to guide practitioners presented with a proximal
cervical mass in a horse.

Potential causes of proximal cervical masses include
branchial apparatus anomalies, goitre, thyroid tumours,
retropharyngeal masses (metastases from other tumours of the
head or lymph node abscesses) and parotid salivary gland
disease (tumour or abscess). Common methods of diagnosis
include ultrasound, biopsy or needle aspirates, radiographs
and endoscopy. These methods commonly allow a
determination of the exact structure affected. The age of the
horses and these basic diagnostics often easily differentiate
between the potential causes of proximal cervical masses.
Occasionally, advanced diagnostics such as thyroid
scintigraphy or CT scan are used to further elucidate the
problem. The ultrasonographic and scintigraphic appearance
of normal thyroids has been previously described assisting in
the differentiation of abnormal conditions (Davies et al. 2010).

With branchial apparatus anomalies there are several
good case reports and retrospective studies that provide a
guide to diagnosis and treatment options (Slovis et al. 2001;
David et al. 2008; Nolen-Walston et al. 2009; Østergaard et al.
2014). These anomalies result in a mass in the proximal cervical
region, and may or may not be associated with those causing
deformation of the laryngeal cartilages. The accompanying
case report by Østergaard et al. (2014) provides an instance
where the thyroid was involved, and others show that a
branchial remnant cyst can be distinct from, but adjacent to,
the thyroid. Commonly, the branchial remnant cysts cause a
swelling in the proximal cervical area whereas those branchial
abnormalities involving malformation of the laryngeal
cartilages are diagnosed on endoscopy without the presence
of an externally visible proximal cervical mass. There does
appear to be a bimodal age distribution of the clinical
presentation of branchial remnant cysts, with many case
reports in young foals ranging from a few days, to one year to
a group of mature adult horses (Nolen-Walston et al. 2009). The
horse in this case report (Østergaard et al. 2014) was relatively
young, in keeping with this bimodal age distribution. The
foals in these reports commonly had a retropharyngeal
swelling and respiratory stridor, whereas the adults commonly
presented with retropharyngeal swelling and potential
oesophageal obstruction. In most cases reported, an

ultrasound examination revealed the presence of a cystic
structure without involvement of nearby structures such as
lymph nodes, salivary glands or oesophagus. Ultrasonographic
examination was useful to eliminate other potential causes of
retropharyngeal swelling, such as parotid salivary tumours or
lymph node metastases, which are often solid. Abscess
formation in those structures would commonly be associated
with pain on palpation which was not marked in any clinical
case of branchial remnant cysts (Nolen-Walston et al. 2009).
Endoscopy and radiography helped confirm the diagnosis of
these branchial cysts and aid in the diagnosis of secondary
illnesses, such as aspiration pneumonia, and in preoperative
planning. Surgical removal of a branchial cyst has been
reported in 7 cases (including the accompanying case report)
and marsupialisation and injection of a sclerosing agent in one
case (Slovis et al. 2001; David et al. 2008; Nolen-Walston et al.
2009; Østergaard et al. 2014). Both approaches were
successful in resolving the clinical signs. Due to the location,
care needs to be taken during the dissection as in one report
4 of the 5 surgical cases had right laryngeal hemiplegia after
surgery on endoscopic examination (Nolen-Walston et al.
2009). Some laryngeal cartilage abnormalities may have been
present before surgery. This has also been noted after thyroid
tumour excision (Elce et al. 2003), and thus it is strongly
recommended to perform upper airway endoscopy on these
horses with proximal cervical masses before and after surgery.
This could be an important consideration in the prognosis
relating to athletic potential. It appears that surgical excision
can be performed with success to remove proximal cervical
masses; however, athletic outcome is an important indication
of success and thus having more cases with athletic follow-up
will be important in the future. It is also interesting that in both
the accompanying case report and available literature that
branchial abnormalities appear to have a predilection for the
right side (Nolen-Walston et al. 2009; Østergaard et al. 2014).
This was first noted in the retrospective study of 8 horses and
continues to be true in this case report. This may be helpful
together with the cystic appearance on ultrasound for
differentiation from thyroid tumours in adult horses which can
affect either side.

Enlargement of the thyroid gland itself has most commonly
been related to either goitre or a tumour. This case report
provides another reason for enlargement in a young horse.
Goitre has been reported in horses, although the various
causes and clinical significance are not well defined.
Enlargement of the thyroid has been related to excess iodine
in the diet but may also be associated with a lack of
iodine. Disturbances of thyroid function are rare and mainly
limited to hypothyroid foals born to mares with metabolic
disturbances (potential dietary reasons) or the rare case of an
active thyroid tumour (Doige and McLaughlin 1981; Silva et al.
1987; Allen et al. 1994). The foal in this case report (Østergaard
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et al. 2014) and in others of branchial cysts (Slovis et al. 2001;
David et al. 2008; Nolen-Walston et al. 2009) did not show any
classic signs of thyroid dysfunction, as has been described in
neonatal foals with enlarged thyroids, goitre and signs of
dysmaturity, such as incomplete ossification and flexor
deformities (Doige and McLaughlin 1981; Silva et al. 1987; Allen
et al. 1994). This helps to differentiate those foals with
congenital malformations of the branchial apparatus from
neonatal foals with a dysfunctional thyroid gland.

Thyroid tumours have also been reported in a variety of
ages but are mainly present in older horses (>10 years of age).
In fact, the number of thyroid tumours in aged horses is likely
relatively high; however, the majority of these do not have any
clinical significance. In 2 pathology reports the incidence of
thyroid tumours in geriatric horses was around 30% for horses
older than 10 and increased to 75% for horses older than 20
years of age (Dalefield and Palmer 1994; Ueki et al. 2004).
These were found on necropsies and were unrelated to any
clinical complaint. An enlargement of the thyroid may be
detected on clinical examination, but without accompanying
clinical signs biopsies are not often performed and may not be
indicated when clinical signs of a problem are lacking. It is
unknown in many cases therefore if the enlargement is a result
of a goitre or tumour. As previously mentioned, most thyroid
tumours are inactive and even those with clinical signs are
often a result of a local mass effect (Elce et al. 2003). The adult
horses with branchial remnant cysts also had signs of a local
mass effect such as oesophageal obstruction (Nolen-Walston
et al. 2009). However, any horse with systemic signs should be
investigated in case of an active thyroid mass (Ramirez et al.
1998). Broodmares with goitre particularly should be
investigated for thyroid function, any potential dietary
changes and their foals examined for signs of dysmaturity
(Silva et al. 1987). Ultrasound can be used to localise the
proximal cervical mass to the thyroid gland. Thyroid tumours
that do not cause any clinical signs do not usually require any
treatment. Active thyroid tumours or those that cause clinical
signs due to a local mass effect (most commonly compression
of the trachea or oesophagus) are candidates for surgical
removal. Biopsies may be performed before surgery but often
ultrasound is sufficient to confirm that the mass is in the thyroid
and unilateral in nature without the need for a biopsy. The
thyroid should be submitted for histopathology after excision
although even histologically malignant tumours do not appear
to have a high rate of recurrence (based on limited case
reports) (Ramirez et al. 1998; Elce et al. 2003). It is, however,
highly recommended to perform pre- and post operative
upper airway endoscopy. In one case report, 3/6 horses had
hemiplegia after surgery (Elce et al. 2003) and this combined

with the hemiplegia seen after branchial cyst resection
(Nolen-Walston et al. 2009) indicates that even with careful
dissection around a mass in the proximal cervical region there
is a risk of damage to local neurovascular structures.

The combined case reports on proximal cervical masses in
both young and old horses, with or without thyroid
involvement, give practical guidelines to the practitioner for
diagnosis and treatment options. The success of surgical
excision for life appears excellent but in the future larger
studies would be required to give an accurate estimate of
athletic potential.
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Case Report

Noncitrated blood transfusions used as adjunctive treatment in a
7-year-old Shetland Pony with haemoperitoneum due to a
ruptured corpus haemorrhagicum
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Summary
Chronic bleeding due to extensive haemorrhage from a
ruptured corpus haemorrhagicum developed 2–4 weeks
after parturition and was identified as the cause for a
haemoperitoneum in a 7-year-old Shetland Pony mare,
leading to anaemia. Diagnosis was made upon exploratory
coeliotomy and a unilateral ovariectomy was performed.
Intra- and post operatively, the mare received autologous
blood transfusions of noncitrated blood. To our knowledge,
this is the first report of an autologous blood transfusion
accomplished using noncitrated blood collected from the
abdominal cavity.

Introduction
Haemoperitoneum is a relatively rare differential diagnosis for
abdominal pain in equids. The origin of the haemorrhage can
be difficult to identify and medical management of these
cases can be challenging because of cardiovascular
impairment. Differential diagnoses for acute or chronic
bleeding into the abdominal cavity most often include
traumatic injuries to the spleen or other organs, mesenteric
blood vessel ruptures, bleeding abdominal masses,
coagulopathy, idiopathic causes, and bleeding from the
female reproductive tract (Pusterla et al. 2005; Dechant et al.
2006; Arnold et al. 2008; Conwell et al. 2010). The latter, i.e.
uterine and ovarian haemorrhage, is commonly (22%)
associated with parturition (Conwell et al. 2010), mostly due to
uterine artery rupture (Dechant et al. 2006; Arnold et al. 2008),
but can also be found in association with neoplasia
(Gatewood et al. 1990; Alexander et al. 2004; Pusterla et al.
2005; Dechant et al. 2006; Conwell et al. 2010).

Ovarian haematoma formation can also occur during the
normal oestrous cycle of the mare, e.g. cyclic haemorrhage
into the cavity of the former follicle or haemorrhagic
anovulatory follicles (Ginther et al. 2008; Cuervo-Arango and
Newcombe 2010). Uni- or bilateral ovarian bleeding has
previously been described and seems to most commonly
affect American Miniature Horses (Maxson et al. 1993; Sedrish
and Johnson 1997; Dechant et al. 2006). Our report describes
a case of chronic bleeding into the abdomen from a ruptured
corpus haemorrhagicum (CH) that developed after
pregnancy in a Shetland Pony mare. To our knowledge, this is
the first report of this entity leading to life-threatening bleeding
into the abdominal cavity that was successfully treated with
unilateral ovariectomy and noncitrated autologous blood
transfusions.

Case history
A 7-year-old Shetland Pony mare weighing 110 kg was referred
for chronic colic to the equine hospital of the Swiss Institute of
Equine Medicine (Institut Suisse de Medicine Equine, ISME) in
the month of June. The pony had been imported from The
Netherlands 3 months prior to hospital admission and had no
history of previous colic. When presented to the hospital, the
mare was accompanied by her filly, which was age 45 days.
According to the owner, it was the first foal of this mare.
Parturition had not been attended and the immediate post
partum period had been uneventful. The owner reported that
the mare had shown signs of oestrous behaviour around Day
13 and again around Day 39 after parturition.

The mare displayed a first episode of mild colic on Day 32
after parturition. At this occasion she had only been seen by
an osteopath. Further colic signs were observed starting on
Day 41 (post partum) and 5 days later the private veterinarian
was called due to persistent signs of abdominal discomfort.
The mare was treated by the private veterinarian with
intravenous fluids (0.5 l of lactated Ringer’s solution) and
analgesics (metamizole and flunixine) and was referred later
that day because of persistent tachycardia (80–100
beats/min).

Clinical findings and treatments
Upon arrival at the hospital, the mare demonstrated a dull
demeanour, with a heart rate of 80 beats/min, a respiratory
rate of 16 breaths/min, a temperature of 34.4°C and pale
mucous membranes. Abnormalities of the initial haematology
included a low packed cell volume (PCV, 10%) and total
plasma protein (TP, 38 g/l) and elevated blood glucose
levels (33 mmol/l). The white blood cell count was within the
normal range (9 × 109/l) and triglycerides concentration was
elevated (1.5 mmol/l; reference range [rr] 0.08–0.38 mmol/l).
The pony’s small size impeded a transrectal examination. A
transabdominal ultrasonographic examination was performed
and revealed large amounts of free fluid within the peritoneal
cavity (Fig 1). Haemorrhagic fluid with a PCV of 33% and a TP
of 49 g/l was retrieved by abdominocentesis.

Initial treatment consisted of 2 mg/kg bwt cefquinome
(Cobactan i.v. 4.5%)1 i.v. b.i.d., 0.5 l intravenous colloid infusion
(HES 130/0,4 Voluven 6%)2, 1.2 l plasma followed by 800 ml
whole blood transfusion from a donor gelding. Cross matching
was not performed prior to transfusion. The mare was kept
under an infrared heater until her body temperature had
returned to normal range approximately 12 h later. In the first
24 h the measured PCV varied from 6 to 15% and her TP from
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34–52 g/l. Another 1.6 l of whole blood from the same donor
was given 12 h after arrival. Additional treatments during the
first 24 h included 1 mg/kg bwt prednisolone i.v. s.i.d.
(Prednisolut succ.)3, 1.1 mg/kg bwt flunixine i.v. t.i.d. (Flunixine)4

and 2 mg/kg bwt cefquinome i.v. b.i.d. (Cobactan i.v. 4.5%)1.
Twenty-seven hours after admission to the hospital, the

mare was found to be lying down with an elevated heart rate
of 112 beats/min and a respiratory rate of 40 breaths/min. At
this stage she had a PCV of 10% and TP of 40 g/l. A third whole
blood transfusion of 1.6 l from the same donor gelding was
given.

Because of the clinical deterioration in the face of
aggressive medical treatment, the decision was made to
perform an exploratory coeliotomy 36 h after admission to the
hospital. Prior to surgery, the pony received another 1.6 l of
whole blood again from the same donor. Up to this point, the
pony had received a total of 5.6 l allogenic whole blood
transfusions, which was consistent with the required amount
calculated [Blood volume required (5.5 l) = Blood volume
of the recipient (8.8 l) × PCV increase desired (20)/PCV of
donor (32)] (Doherty and Valverde 2008) according to the
first PCV (10%) measurement. Prothrombin time and
partial thromboplastin were within normal limits at this time
point but platelets were slightly decreased (92 × 109/l).
Abdominocentesis was again performed prior to surgery. The
PCV of the peritoneal fluid was 54% at that stage with a TP of
46 g/l.

The pony mare was premedicated for anaesthesia with
0.04 mg/kg bwt romifidine (Sedivet)5 and 0.05 mg/kg bwt
L-methadone (Polamivet)1. General anaesthesia was induced
using a combination of 0.1 mg/kg bwt diazepam (Valium)6 and
2 mg/kg bwt ketamine (Narketan 10)7. Oxygen was delivered
by means of intranasal insufflation prior to induction.
Anaesthesia was maintained with 0.8–1.1% end-tidal isoflurane
(Attane Isoflurane)8 in oxygen and a constant rate infusion of
1.8 mg/kg bwt/h lidocaine (Lidocain 2% Streuli)3. Routine
monitoring included electrocardiography, haemoglobin
oxygen saturation, invasive and noninvasive blood pressure
measurement, end-tidal gas concentration and blood gas
measurements. Blood pressure was supported with 1.5 μg/kg

bwt/min dobutamine (Dobutamin)9 in a constant rate infusion
and colloid infusion (Voluven 6%)2 as needed. A 0.01 mg/kg bwt
dose of ephedrine (Ephedrin)3 was injected once to stabilise
the blood pressure. Body temperature was maintained within
normal range using a heated blanket and hot-water bottles.
During anaesthesia adequate arterial blood oxygen levels (pO2

385 mmHg, sO2 99.9%) were registered, but the mare had a very
high serum lactate concentration (12.4 mmol/l).

The mare was placed in dorsal recumbency and a ventral
midline incision was made to approach the abdomen.
Approximately 10 l of free haemorrhagic fluid were present
within the abdominal cavity, of which 8 l were collected into
glass bottles under sterile conditions without anticoagulant
additives such as citrate. Upon exploration of the abdominal
cavity the left ovary was found to be covered by a thin, friable
haemorrhagic cap of approximately 1 cm thickness. After
gentle manipulation and partial removal of the haemorrhagic
cap, moderate active bleeding from the left ovary was
appreciated by palpation. No further potential sources of
substantial haemorrhage were identified when completing
the exploration of the abdomen. Thus, the haemorrhaging left
ovary was determined to be the source of bleeding. The ovary
was removed using an electrothermal vessel sealing device
(LigaSure)10, which was applied to the palpable mesenteric
stalk of the ovary while shielding the surrounding soft tissue
structures with the surgeon’s hand. The removed ovary (Figs 2
and 3) was fixed in 4% formaldehyde and submitted for
pathological examination. No changes indicative of
neoplasia were found upon gross examination of the removed
ovary. Therefore, an autologous blood transfusion was started
using the haemorrhagic fluid collected from the abdomen
using a commercially available blood transfusion set
(Sangofix)11. The mare received a total of 4 l of autologous
blood during surgery and within 6 h following the surgical
intervention. This was slightly more than the calculated
required amount to be transfused [Blood volume required
(3.3 l) = Blood volume of the recipient (8.8 l) × PCV increase
desired (20)/PCV of blood collected from the abdominal
cavity (54)]. Surgery time was approximately 60 min and the
mare made a good assisted recovery from anaesthesia. Post

Fig 1: Transabdominal ultrasonogram of the ventral abdomen using
a 5-MHz convex ultrasound probe in a cranio-caudal orientation
showing large amounts of homogeneously echogenic free fluid
within the abdominal cavity (depth of the display: 13 cm).

Fig 2: Ovary with haemorrhagic cap after surgical removal (4 × 4 ×
3.5 cm).
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operative treatment consisted for 0.5 mg/kg bwt flunixine i.v.
q.i.d. (Flunixine)4 and 2 mg/kg bwt cefquinome i.v. b.i.d.
(Cobactan i.v. 4.5%)1.

The day after surgery, the mare’s heart rate decreased to
44–60 beats/min with a respiratory rate of 8–12 breaths/min.
PCV was 37% and TP 78 g/l. Although the body temperature of
the mare returned to normal, the mare showed periods of
shivering during the following days. The foal was bright, alert
and responsive. In addition to the mare’s milk, the foal was
offered milk replacer every 3 h in a bucket. A blood sample
was collected from the mare 3 days after surgery to analyse
electrolytes and revealed slightly decreased ionised calcium
(1.43 mmol/l, rr 1.5–1.79 mmol/l) and magnesium (0.57 mmol/l,
rr 0.7–0.9 mmol/l) levels. The plasma of the sample was
lipaemic (triglycerides concentration at 15.76 mmol/l; rr
0.08–0.38 mmol/l) even though the pony mare had always
been eating her diet of hay, grass and mash since
presentation at the hospital. Liver parameters remained
normal except for a slightly elevated G-glutamyltransferase
activity (29 iu, rr 11–26 iu) and elevated bile acid
concentrations (53.3 μmol/l, rr 1–17 μmol/l). Fluid therapy was
initiated at a rate of 50 ml/kg bwt/day using balanced
electrolyte maintenance solution (Equibiserol)12

supplemented with glucose (final concentration of 3%),
calcium and magnesium (Glucamagnesium, 50 ml in 5 l
Equibiserol, corresponding to a total of 8 g calcium gluconate
and 5.9 g calcium chloride and 12.35 g magnesium
chloride)13. Blood glucose concentrations were monitored
every 3 h and 0.01 iu/kg bwt insulin (Actrapid)6 was given
when blood glucose exceeded 10 mmol/l. During this period
the pony was slightly dull but continued eating. Triglyceride
concentrations decreased to 5.59 mmol/l after one day and
to 0.57 mmol/l after 2 days and infusion therapy was
discontinued. Antibiotic treatment was stopped 8 days after
surgery and the mare and foal were discharged on Day 9 after
admission to the hospital. Upon discharge the mare’s vital
parameters were within normal ranges.

Pathological gross examination of the ovary revealed a
size of 4 × 4 × 3.5 cm and focal extensive haemorrhage on the
surface. On cut section it showed 2 dark-brown to black areas
1.5 cm and 2.5 cm in diameter. Histopathological examination
of the ovary revealed a central blood-filled cavity surrounded
by a thin layer of fibrovascular tissue with multiple small vessels
and haemosiderin-laden macrophages. This was followed
by several layers of luteinised cells. In deeper cut sections,
an orientation of the haematoma towards the ovulation
fossa was seen. Furthermore, multiple follicles were found
surrounding the haematoma.

One year post surgery the mare was in good condition
according to the owner, but cycling irregularly.

Discussion

Cyclic intraovarian haemorrhage
Ovarian bleeding for various reasons, most commonly
associated with neoplasia, has previously been described in
horses (Rhyan et al. 1981; Alexander et al. 2004; Dechant et al.
2006; McCue et al. 2006). In women, ovarian bleeding can be
associated with congenital or acquired coagulation
abnormalities and the most frequent site of haemorrhage is a
corpus luteum (Glass et al. 1976; Gupta et al. 2007). The
condition that led to a haemoabdomen in this mare was
found to be most consistent with a cyclic intraovarian
haemorrhage that bled out into the abdomen. Cyclic
intraovarian haemorrhage (CH) is commonly seen in mares
after ovulation and is considered to be part of the normal
cycle (Townson and Ginther 1988). The CH might occasionally
rupture and lead to intra-abdominal bleeding as observed in
this mare (Maxson et al. 1993). The mare presented in this
report showed signs of oestrous behaviour after the first period
of colic. This observation supports an intraovarian
haemorrhage rather than a haemorrhagic anovulatory
follicle, which remains the main differential diagnosis in this
case (Ellenberger et al. 2009). Additionally, deeper sections of
the slides show an orientation towards the ovarian fossa further
pointing towards our diagnosis of cyclic intraovarian
haemorrhage with bleeding into the abdominal cavity as
cause for the haemoabdomen.

Whether there is any genetic predisposition for this
condition in Miniature Horses remains unknown. However, uni-
and bilateral ovarian bleeding have previously been
described in this breed and make a breed predilection seem
likely (Maxson et al. 1993; Dechant et al. 2006). Alternatively, in
this case a traumatic incident during parturition was
considered as the cause for the ovarian bleeding, but
indications (uneventful parturition, no signs of trauma after
parturition) to support this suspicion were lacking.

Haemostasis might have been impaired due to
physiological clotting inhibition within the follicle. Follicular fluid
has been shown to possess anticoagulant activity mediated
through a heparin-like substance (Stangroom and de
Weevers, 1962; Andrade-Gordon et al. 1992) during follicle
growth and ovulation (de Agostini et al. 2008) and this could
be the reason why haemorrhage into a follicle can
occasionally be excessive (Reed et al. 2010). Clotting of blood
and follicular fluid could lead to an interruption of oocyte
conduction to the oviduct and therefore anticoagulation
plays a crucial role in the physiological reproductive cycle. This
phase is usually followed by a procoagulant stage during
corpus luteum formation (de Agostini et al. 2008). Although

Fig 3: Ovary and separated haemorrhagic cap separated by
cutting.
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luteal tissue formation is commonly observed, it remains
unclear if there is impaired transfer from the anticoagulant to
the procoagulant stage in case of cyclic intraovarian
bleeding or haemorrhagic anovulatory follicles.

Haemoabdomen and the use of noncitrated
autologous blood for transfusion
When dealing with cases suffering from a haemoperitoneum
with life-threatening blood loss, equine practitioners are faced
with 2 main challenges: finding and treating the underlying
cause of haemorrhage and providing haemodynamic
support to stabilise the animal. Most cases of
haemoperitoneum have been found to occur after traumatic
injury and are associated with neoplasia or declared as
idiopathic. A large proportion of cases appear to be
associated with lesions involving the female reproductive tract
(21%) (Dechant et al. 2006). Short-term survival has been found
to be between 39% and 51% and most nonsurvivors die or are
subjected to euthanasia within the first 24 h after presentation
(Dechant et al. 2006; Conwell et al. 2010). The outcome is
certainly influenced by the ability to find and treat the
underlying cause of the bleeding and by the amount of blood
loss in a short time.

The clinical deterioration of the mare, 24 h after medical
treatment was started, was considered to be caused by
ongoing bleeding into the abdomen. This was also reflected
by the persistent tachycardia and lactic acidosis, as well as
increase in PCV within the abdominal fluid and concurrent
drop in PCV in the blood samples. The increase in body
temperature may also have contributed to the clinical
deterioration, as it is known that an increase of 1.0°C will raise
the oxygen requirement by 12% (Radosits et al. 2007). Thus,
returning the mare’s body temperature to normal range may
have increased the oxygen demand and thereby increased
peripheral circulation leading to exacerbation of the clinical
signs of hypovolaemia, like the increasing tachycardia,
tachypnoea and lactic acidosis.

Substantial reabsorption of erythrocytes via specialised
stomata in the diaphragm and the peritoneal lymphatics is
known to occur (Remmele et al. 1975; Flessner et al. 1983). In
horses with haemoperitoneum this has been shown to lead to
a restoration of PCV and TP over time (Cornelisse et al. 2003).
However, it can take several days before clinical parameters
return to normal after bleeding has subsided. Therefore,
repeated blood transfusions were needed to stabilise our
case. Allogenic blood transfusions in horses (Hurcombe et al.
2007), including those with a haemoperitoneum (Maxson et al.
1993; Finding et al. 2011), have been associated with adverse
reactions with a frequency of up to 16%. These can vary from
urticarial reactions to anaphylactic shock. In addition, the
survival of radiolabelled equine erythrocytes after allogenic
transfusion of whole blood has shown to be short (2–4 days)
(Kallfelz et al. 1978). In contrast, the half-life of red blood cells
after direct autologous blood re-transfusion is around 50 days
(Owens et al. 2010). Whether this is true for autologous
transfused equine blood collected from a body cavity is
unknown but the human medical literature indicates that
viability of blood collected from the thoracic cavity is normal
(Ansell et al. 1982; Munoz et al. 2004).

In one case study, filtration and reinfusion of autologous
blood from the abdominal cavity was not considered for a
pony with haemoperitoneum because the haemorrhage
had been ongoing for at least 4 days and degeneration

of RBC was evident on cytological examination (Maxson
et al. 1993). In our case, a cytological examination of the
peritoneal blood was not performed (apart from PCV) but
the absence of signs of haemoglobinuria or icterus
suggested the absence of massive degeneration of
erythrocytes. Autologous whole blood transfusion was
considered to be safer than continuation of transfusions from
a donor horse, although 3 consecutive allogenic whole
blood transfusions were well tolerated by the patient prior to
surgery.

To our knowledge, previous reports describing the use of
blood drained from the abdomen for autologous transfusion
purposes in horses either specify that anticoagulants were
added prior to re-infusion, or lack the relevant information
regarding infusate-preparation (Finding et al. 2011; Holmes
et al. 2013). We questioned the need for addition of
anticoagulants to autologous blood obtained from the
peritoneal cavity, considering that anticoagulability is the
defining characteristic of blood aspirated from the peritoneal
cavity (Henry and Elliott 1916; Rietz 1922; Broadie et al. 1981). In
the case described here, blood gained from the peritoneal
cavity was transfused using a commercially available blood
transfusion set. Moreover, portions were refrigerated until 8 h
after collection prior to transfusion and no clots were ever
observed in the filter.

The rationale in not using any anticoagulants was to
avoid further depletion of clotting factors. However, the
exact mechanism that renders blood obtained from body
cavities in its characteristic anticoaguable state remain
poorly understood. In man, it has been shown that bleeding
into the abdominal cavity results in a depletion of clotting
factors, platelets and fibrin (Broadie et al. 1981), at least
offering a plausible explanation for its anticoaguability. In
ponies, re-infusion of citrate-substituted autologous blood as
part of a treatment regimen for hyperlipaemia has
anecdotally led to a significant inhibition of the patient’s
coagulation ability (D. Knottenbelt, personal communication
2013). Seemingly contradictory to that are concerns
expressed in human medicine about retransfusing blood
collected from body cavities without anticoagulants,
because elevated levels of fibrin degradation products
contained in autologous blood may impair patients’ normal
coagulation ability and potentially increase the risk for
uncontrolled disseminated intravascular coagulopathy (Tyras
et al. 1973; Mati 1974). In human hospitals with state-of-the
art equipment, this concern has become obsolete, since a
method called ‘cell washing’ is routinely used to isolate
autologous red blood cells for haemotherapy (Hansen and
Hansen 2004; Hansen and Seyfried 2011; Konig et al. 2013).
Cell washing, however, is not readily available in equine
practice. In the meantime, the addition of low dose
anticoagulants, ideally based on laboratory measurements
of coagulation factors present in the ‘starting product’ and
tailored to the case-specific needs, may be a valid
alternative to be explored in equine practice.

In summary, ovarian bleeding due to a non-neoplastic
condition should be considered in cases of abdominal
bleeding of unknown origin, especially in miniature horse
breeds (American Miniature Horse, Shetland Pony) and
after parturition. Ovariectomy and noncitrated autologous
blood transfusion are effective treatment measures to
address life-threatening abdominal haemorrhage in these
cases.
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Summary
Radiographic evaluation of the pelvis in standing horses has
been used to diagnose fractures of the pelvis, head and
greater trochanter of the femur, and luxations of the
coxofemoral joint. Coxofemoral luxation injuries are more
common in smaller horse breeds and donkeys, but, due to
their size, the standing ventrodorsal projection is not possible,
as there is insufficient space to place the radiography
equipment under the animal’s abdomen. The objective of the
study was to report the advantages and limitations of the use of
an oblique radiographic projection to diagnose unilateral
craniodorsal coxofemoral luxation in 3 ponies and a donkey
performed with the animals standing under light sedation. All
cases had severe unilateral hindlimb lameness and
asymmetry of the gluteal region; 2 also had concurrent
intermittent upward fixation of the patella. A standing
dorsolateral 20–30° ventral oblique radiograph of the affected
coxofemoral joint was performed in all cases to obtain a
definitive diagnosis. Radiography of the coxofemoral joint in
standing ponies and donkeys can be carried out to identify
craniodorsal coxofemoral luxation avoiding the need for
general anaesthesia.

Introduction
Coxofemoral luxation is a rare injury in horses, but occurs most
commonly in young equids and miniature horse breeds (Squire
et al. 1991; Malark et al. 1992; Garcia-Lopez et al. 2001; Portier
and Walsh 2006; Toth et al. 2007). The coxofemoral joint in
equids has a deep acetabulum with a thick fibrocartilagenous
rim, a strong transverse acetabular ligament, an accessory
ligament of the femur, and heavy gluteal musculature
surrounding the joint; all of which stabilise and protect the joint
(Getty 1975; Malark et al. 1992). However, coxofemoral
luxation or dislocation can still occur after major trauma or
sudden forces exerted to the area (e.g. fall or kick by another
animal) (Malark et al. 1992; Garcia-Lopez et al. 2001). The
head of the femur can be displaced either dorsocaudally or
dorsocranially to the acetabulum, the latter being the more
common clinical presentation (Malark et al. 1992; Sullins and
Baxter 2011). Upward fixation of the patella is commonly seen
secondary to coxofemoral luxation due to the relative
shortening of the affected limb (Bennett et al. 1977; Clegg and
Butson 1996). Primary upward fixation of the patella, however,
can lead to luxation of the coxofemoral joint by violent
contractions of the quadriceps muscle when the stifle is locked
in extension (Malark et al. 1992; Sullins and Baxter 2011).

Although some of the clinical signs (severe lameness,
asymmetry of the gluteal musculature, crepitus, external

rotation of the affected limb) are characteristic of
coxofemoral luxation, radiographic evaluation of the
coxofemoral joint is a valid technique to confirm the diagnosis
and rule out other injuries of the pelvis or femur (Garcia Lopez
2010; Sullins and Baxter 2011). Typically, diagnosis of
coxofemoral injury in small horses and donkeys requires
ventrodorsal radiographic views of the pelvis obtained with
the animal placed under general anaesthesia and positioned
in dorsal recumbency (Malark et al. 1992; Garcia-Lopez et al.
2001; Kuemmerle and Furst 2011). Placing a horse or donkey
under general anaesthesia for radiographic evaluation is
costly, time consuming and can result in additional damage to
the adjacent tissues of the luxated joint or other recovery
related catastrophic injuries (Malark et al. 1992). Lateral
oblique radiographic examination of the pelvis in standing
horses has been described (Barrett et al. 2006) and this
technique has been used in the diagnosis of coxofemoral
luxation of the pelvis in one Shetland pony. Our experience has
confirmed the reports of its value for diagnosing coxofemoral
luxation in ponies, small horses and donkeys, where it can be
used with the animal standing, under light sedation, avoiding
the cost and risks of general anaesthesia. The objective of the
study was to report the use of standing lateral oblique
radiography in 3 ponies and a donkey to diagnose
coxofemoral luxation.

Materials and methods
Medical records from the University of Illinois Veterinary
Teaching Hospital were searched for horses and donkeys
with craniodorsal coxofemoral luxation diagnosed with
radiography with the animal standing under light sedation. The
information obtained from the medical records included
presenting complaint, physical examination, radiological
findings, treatments received, and outcome. The degree of
lameness was graded on a 0–5 scale in accordance with the
American Association of Equine Practitioners’ lameness scale
(Ross 2003). Follow-up information of the animals discharged
from the hospital was obtained via telephone interview with
the owner or attending veterinarian.

Standing lateral oblique evaluation of the pelvis was
performed in all the cases to evaluate the coxofemoral joint,
the acetabulum and proximal portion of the femur to confirm
the clinical suspicion of coxofemoral luxation (Barrett et al.
2006). Each case was sedated with xylazine hydrochloride
(AnaSed)1, and butorphanol tartrate (Torbugesic)2,
administered intravenously. In addition, the rectum of each
animal was evacuated when possible to facilitate visualisation
of the coxofemoral joint and avoid artefacts created by
faecal material. Each patient was stood as square as possible

255

© 2014 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / MAY 2014



on all 4 limbs. Radiographs were obtained with a digital
radiographic unit. The radiograph machine used was a GE
ADVANTX,3 MX100 processor, maximum exposure factors
150 kV and 1000 mA, 18PS tube, and the digital radiography
plate was a Canon LANMX CXDI 50 G, linked to a Mark 1417
digital radiography system. The radiographic plate was
placed over the affected side of the patient, in a stationary
cassette holder and positioned in a vertical orientation
centred approximately 10 cm immediately ventral to the
acetabulum. The radiographic beam was angled 20–30°
dorsoventrally and was centred on a line from the tuber
sacrale to the tuber ischii approximately two-thirds of the
distance back to the tuber ischii on the nonaffected side of
the patient. The film focal distance was 90 cm. The settings
used varied from 90 to 110 kV and 6.4 to 14 mAs. In addition,
radiographic evaluation of the contralateral coxofemoral joint
was performed in all cases. One case also had a ventrodorsal
radiographic view performed under general anaesthesia. All
the radiographs were evaluated at the time of presentation by
the attending clinician and corroborated by a board-certified
radiologist.

Results
Three ponies and a donkey were included in the study. The
cases included a 3-year-old male castrated Shetland pony
(173 kg), an 18-year-old male castrated Shetland pony
(190 kg), a 6-year-old intact female Shetland pony (127 kg)
and an 8-year-old intact female donkey (273 kg). The ponies
were used for showing and the donkey for breeding. Two of
the ponies and the donkey had a 24–48 h history of persistent
severe hindlimb lameness, the remaining pony had a 2-year
history of intermittent moderate to severe hindlimb lameness.
One pony was kicked by a mature horse; the other 3 cases
had no known history of trauma.

Two ponies and the donkey had a grade 5/5 lameness and
the remaining pony had a grade 4/5 lameness at a walk. The
left limb was affected in 2 ponies and the right limb in the other
pony and the donkey. The donkey and one of the ponies had
concurrent upward fixation of the patella. All 4 animals had
asymmetry of the gluteal area and diffuse swelling of the
ipsilateral stifle. Only the donkey had palpable crepitus with
manipulation of the affected limb.

All animals were diagnosed with a craniodorsal luxation of
the coxofemoral joint by lateral oblique radiographic view of
the pelvis (Fig 1). Other structures that could be identified on
this radiographic view included the body of the ileum, the
proximal two-thirds of the femur, the sacrum, the ischium and
the cranial rim of the acetabulum. Structures that were not
visualised on the lateral oblique radiographic view of the pelvis
included the pubis, the wing of the ileum, and the sacroiliac
joints. In the 3 ponies, which could not have their rectum
evacuated due to their small size, faecal material mildly
impaired assessment of the femoral head, acetabulum and
the greater trochanter of the femur.

The 2 male ponies were humanely subjected to euthanasia
after radiographic evaluation. Post mortem examination
confirmed the coxofemoral luxation without fractures of the
rim of the acetabulum. In the remaining 2 cases, coxofemoral
luxation was confirmed at surgery. The female pony
underwent femoral head ostectomy without complications,
and according to the owner the pony was sound 2 years after
surgery. The donkey underwent an open reduction of the
coxofemoral luxation, stabilisation using a toggle pin with a

prosthetic capsular reconstruction one day after the primary
diagnosis of coxofemoral luxation. At surgery there was
fragmentation of the dorsal rim of the acetabulum that was
not visualised on the standing radiographs. The luxation
recurred 3 days after surgery and the donkey underwent an
immediate femoral head ostectomy in an attempt to make
the animal more comfortable. Recurrence of the luxation
was suspected because the donkey developed acute
nonweightbearing lameness and external rotation of the
affected limb. The animal was subjected to euthanasia 2 days
after the femoral head ostectomy due to persistent severe
lameness and reluctance to use the limb.

Discussion
Standing lateral oblique radiography of the pelvis was useful
to diagnose coxofemoral luxation and rule out other
traumatic injuries in 3 Shetland ponies and a mature donkey.
This radiographic technique was easy to perform and
avoided the risk of general anaesthesia associated with
induction and recovery in patients with coxofemoral luxation
(Malark et al. 1992; Barrett et al. 2006). This technique could
also be used to evaluate the coxofemoral joint after surgical
intervention to monitor healing without having to
anaesthetise the patient. We recommend evacuating the
rectum when possible to reduce superimposition of the faecal
matter with the osseous structures of the pelvis. An important
pitfall of this radiographic view is the poor visualisation of the
dorsal and ventral rims of the acetabulum, which can be
fractured with this type of injury as found in one of the cases
included in our study.

Standing laterolateral radiographic views of the pelvis can
be performed in ponies and small donkeys to diagnose
coxofemoral luxation (Garcia-Lopez et al. 2001; Toth et al.
2007). However, this radiographic projection provides poor
visualisation of the acetabulum and proximal femur due to
superimposition of the contralateral coxofemoral joint (Barrett
et al. 2006; Butler et al. 2008). Ventrodorsal radiographic views
of the pelvis and coxofemoral joint can be carried out in
standing large breed horses and larger donkeys to assess each
joint independently (May et al. 1991). This technique involves
placing the radiography tube encasement under the patient’s
abdomen, with the cassette and grid dorsal to the sacrum
(May et al. 1991). This technique provides good visualisation of
the ischium, the acetabulum, and the femoral head and neck,
but it is not possible in ponies and small donkeys due to the
lack of space beneath the abdomen necessary for the
radiographic equipment.

Although the radiographs obtained from the patients
included in this study had adequate diagnostic quality, the
images were not heterogeneous, probably due to scattered
radiation. Maximum image quality can be ensured by
controlling scattered radiation using appropriate collimation
techniques, using a grid, and increasing the film-focus
distance should the x-ray generator permit higher exposure
settings (Thrall and Widmer 2007).

The identification of only 4 cases with coxofemoral luxation
within an 8-year period at our hospital indicates that this injury
is rare (Malark et al. 1992; Garcia-Lopez et al. 2001) However,
coxofemoral luxation should be considered in any horse with
severe hindlimb lameness, crepitation of the coxofemoral joint,
and either swelling of the gluteal area or atrophy of the gluteal
muscles (Sullins and Baxter 2011). Usually, the affected limb
appears shorter, the foot is rotated outward, and the pelvis
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appears asymmetric because the greater trochanter of the
affected limb is positioned more dorsally than the greater
trochanter of the contralateral limb (Sullins and Baxter
2011).

One of the animals included in the study had a
ventrodorsal radiographic view performed under general
anaesthesia prior to femoral head ostectomy to evaluate the
degree of luxation and the rim of the acetabulum. This
radiographic view showed that the acetabulum was intact
and the degree of coxofemoral luxation was consistent to the
one determined on the lateral oblique radiographic view. The
ventrodorsal radiographic view also allowed evaluation of
the integrity of the femur that could not be determined with
the lateral oblique radiographic view. No fractures or lesions
could be visualised with this view. At the time of the surgery
the femoral head was intact and was luxated in a
craniodorsal direction. The acetabulum was identified and
torn capsular remnants and a haematoma were removed.
The acetabulum was intact consistent with the ventrodorsal
radiographic view.

Ultrasonography can be useful to identify injuries of the
pelvis and coxofemoral joint in horses (Brenner and Whitcomb
2009; Geburek et al. 2009). A recent study showed that
ultrasonography and radiography of the pelvis had good
agreement in diagnosing pelvic-femoral injuries (Geburek
et al. 2009). Although this modality was not performed in any
of our cases, we believe ultrasonography may complement
radiography to identify soft tissue damage and abnormalities
in the rim of the acetabulum that cannot be evaluated with
the standing lateral oblique radiograph of the pelvis, which
may be useful prior to surgery.

Surgical management of coxofemoral luxation in large
mature horse breeds is impractical due to the difficult surgical
access to the coxofemoral joint, frequent fractures of the
acetabular rim or callous formation in chronic cases that can
lead to surgical complications (Garcia-Lopez et al. 2001;
Kuemmerle and Furst 2011). Surgical treatment of coxofemoral
luxation in small equids, however, has been successful (Squire
et al. 1991; Garcia-Lopez et al. 2001; Richardson 2006; Toth
et al. 2007; Garcia Lopez 2010; Kuemmerle and Furst 2011).
Femoral head and neck excisions can result in acceptable
long-term comfort in small ponies and miniature horses but
affected animals tend to have a persistent low grade
lameness (Richardson 2006). Closed reduction has been
reported to have a high reluxation rate (Malark et al. 1992;
Kuemmerle and Furst 2011); therefore, open reduction and
some form of stabilisation is the preferred surgical treatment
(Richardson 2006; Garcia Lopez 2010). The surgical techniques
available include transacetabular toggle pinning, ischio-ileal
toggle pinning, and total hip replacement (Squire et al. 1991;
Garcia-Lopez et al. 2001; Richardson 2006; Toth et al. 2007;
Garcia Lopez 2010; Kuemmerle and Furst 2011). In our case
series, 2 ponies were subjected to euthanasia due to financial
constraints and 2 underwent surgical management with only
one having a good outcome.

In conclusion, coxofemoral luxation in ponies and donkeys
can be diagnosed by oblique radiography with the patients
standing under light sedation avoiding the need of general
anaesthesia. The lateral oblique radiographic view of the
coxofemoral joint provides adequate visualisation of
the acetabulum and proximal portion of the femur for the
diagnosis of luxation of the coxofemoral joint, which is valuable
for surgical planning.

Fig 1: Standing dorsolateral 30° ventral oblique radiographic view
of both coxofemoral joints of a female donkey with a luxation of
the right coxofemoral joint. Cranial is to the left of both images. (A)
There is craniodorsal displacement of the right head (H) and of the
proximal two-thirds of the femur (F); other structures that can be
identified include the body of the ileum (I1), the sacrum (S), the
ischium (I2), and the cranial rim of the acetabulum (CA). This view
does not allow complete visualisation of the contours of the
acetabulum. (B) Note the normal position of the head of the femur
(H) within the left coxofemoral joint.
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Clinical Commentary

Aspects of coxofemoral luxations in the horse
A. R. S. Barr* and A. J. Fairburn
School of Veterinary Science, University of Bristol, UK.
*Corresponding author email: alistair.barr@bristol.ac.uk

Radiography of the pelvis
The paper by Amitrano et al. (2014) in this edition of Equine
Veterinary Education describes the radiographic diagnosis
of craniodorsal coxofemoral luxation in 3 Shetland ponies
and a donkey. The use of radiography to confirm such
coxofemoral joint injuries is at least 50 years old with early
reports from the Universities of Pennsylvania (Mackay-Smith
1964) and Bristol (Davison 1967). The latter report included a
detailed description of the radiographic technique for a
ventrodorsal projection with the coxofemoral joints in a flexed
(‘frog-legged’) position obtained under general anaesthesia.
The paper illustrated the high quality images that could be
obtained along with description of the radiological findings in
a case of subluxation and detailed post mortem confirmation.

By 1971, Lewis and Heinze (1971) reported on 116 cases
where radiographic examinations of the equine pelvis had
been conducted at Purdue University between 1960 and 1969
– a mean of almost one such examination/month over that
time. The description of their radiographic technique included
the use of oblique ventrodorsal projections with the pelvis
tilted slightly to each side to optimise visualisation of each
coxofemoral joint. The series comprised a wide range of
breeds and ages of animal and was not confined to small
ponies or immature horses. Radiography confirmed a
diagnosis in 44% of the cases examined. Thus, by the end of the
1960s, radiography of the hips and pelvis of the horse was
clearly established as both feasible and potentially worthwhile
to confirm and characterise injuries and diseases in the
region.

The next major innovation in radiography of this region
was the description by May et al. (1991) of a technique
for obtaining a ventrodorsal projection of the pelvis in the
standing horse. Without the capacity for standing
radiography, clinicians faced with a horse with a potential
pelvic injury are not uncommonly faced with the dilemma
of whether to try to confirm the diagnosis and characterise
it more accurately by radiography under general anaesthesia
(but with the attendant risks of exacerbating the injury in
the process), or to wait and see. The possibility of standing
radiography added another option. However with this
projection the necessary positioning of the x-ray tube ventral
to the horse’s abdomen and just in front of its hindlimbs does
create some potential risk for both tube and horse and has
been suggested to be more challenging in smaller animals
with less space beneath them (Amitrano et al. 2014).
Nonetheless the projection has been successfully deployed,
even in small ponies, to demonstrate coxofemoral luxations
(Clegg and Butson 1996).

Lateromedial views can also be useful in the diagnosis of
coxofemoral luxation in small horses and ponies (Garcia-Lopez
et al. 2001; Tóth et al. 2007); however, detail of the acetabulum
is limited by superimposition of the 2 halves of the pelvis.

Barrett et al. (2006) reported on a further technique for
pelvic radiography in the standing horse and the results of its
deployment in 18 horses weighing up to 550 kg over a 5 year
period. This involved a lateral 30° dorsal – lateroventral oblique
view that projected the hemipelvis closest to the cassette
dorsal to the contralateral side. Diagnoses established using
this view included iliac shaft and acetabular fractures,
coxofemoral luxations and osteoarthritis of the coxofemoral
joint. A subsequent report used the same projection to
diagnose an avulsion fracture of the greater trochanter of
the femur in a Thoroughbred filly (Beccati et al. 2012). A
variation on this theme using a more vertically oriented beam
(dorsomedial-ventrolateral 50° oblique view) was reported by
Dabareiner and Cole (2009) and Geburek et al. (2009) to be
useful in the diagnosis of fractures of the tuber coxae in
standing horses.

In parallel with the development of techniques for standing
radiography of the pelvis there have also been developments
in radiographic examination under general anaesthesia.
Gorgas et al. (2007) reported on the use of active ventilation of
horses during a 5 s ventrodorsal exposure to produce visceral
blurring and improve visualisation of the sacroiliac region in
horses. This was combined with post acquisition processing of
computed radiographs to improve visibility of anatomic
landmarks. This has helped to highlight the considerable
degree of normal variation in the conformation of this region
and how those normal variations may relate to changes for
example in scintigraphic findings (Gorgas et al. 2009).

Radiography of the equine pelvis thus continues to
challenge equine imagers more than half a century after it
began and more recent imaging techniques have not
detracted from its continuing application and adaptation to
injuries and diseases of this region.

Coxofemoral luxation
Most reports of coxofemoral luxation have recorded its
occurrence in younger animals of small pony breeds and
donkeys (Mackay-Smith 1964; Bennett et al. 1977; Platt et al.
1990; Field et al. 1992; Malark et al. 1992; Clegg and Butson
1996; Garcia-Lopez et al. 2001; Tóth et al. 2007; Kuemmerle
and Furst 2011; Amitrano et al. 2014). The condition has,
however, also been recorded in the Thoroughbred,
Standardbred, Quarter Horse, Arabian, Selle Français and Cob
(Rothenbacher and Hokasen 1965; Malark et al. 1992; Barrett
et al. 2006; Portier and Walsh 2006; ) and the largest series of 17
cases (Malark et al. 1992) recorded an age range of one
month to 25 years with a mean of 7 years. The true extent of
any case predispositions therefore remain unclear for the
present and the potential for a bias towards referral of smaller
animals perhaps not kept as competitive athletes is likely to
continue to obscure the issue.
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The cause of coxofemoral luxations is likely to be some form
of traumatic incident but the exact nature of this often remains
unclear. Falls (Bennett et al. 1977; Malark et al. 1992), kicks from
another horse (Malark et al. 1992; Amitrano et al. 2014), being
mounted by another animal (Malark et al. 1992) catching of a
limb (Rothenbacher and Hokasen 1965), hindlimb casts (Trotter
et al. 1986), dystocia (Malark et al. 1992) and anaesthetic
recovery (Portier and Walsh 2006) have all been cited as
associated incidents although many cases are simply found
lame at pasture (Clegg and Butson 1996; Garcia-Lopez et al.
2001; Tóth et al. 2007; Kuemmerle and Furst 2011). There does
not seem to be evidence of any association with poor
coxofemoral conformation (Malark et al. 1992).

Most authors agree that the femoral head nearly always
luxates craniodorsal to the acetabulum and the reported
clinical signs are therefore also consistent comprising marked
lameness with a shortened cranial phase to the stride, outward
rotation and apparent shortening of the limb, prominence of
the greater trochanter and variable crepitus and resentment
on manipulation of the coxofemoral joint (Mackay-Smith 1964;
Davison 1967; Bennett et al. 1977; Platt et al. 1990; Field et al.
1992; Malark et al. 1992; Clegg and Butson 1996; Garcia-Lopez
et al. 2001; Tóth et al. 2007; Kuemmerle and Furst 2011).

Upward fixation of the patella has been reported in
association with coxofemoral luxation in a number of reports –
sometimes as an intermittent pre-existing problem (Bennett
et al. 1977; Clegg and Butson 1996; García-López 2010),
sometimes as persistent locking coincident with the acute
coxofemoral luxation (Mackay-Smith 1964; Bennett et al. 1977;
Malark et al. 1992; Amitrano et al. 2014) and in one case as a
delayed feature following excision arthroplasty (Platt et al.
1990). Bennett et al. (1977) speculated that coxofemoral
luxation may compromise the ability of the rectus femoris
muscle (which originates from the ilium) to release the patella.

Fractures of the acetabular rim are another problem that
may accompany coxofemoral luxations (Rothenbacher and
Hokasen 1965; Malark et al. 1992; Clegg and Comerford 2007).
Malark et al. (1992) considered that these may be more
common in mature horses compared to foals or ponies;
however, the number of reported cases remains low. Clegg
and Comerford (2007) and Amitrano et al. (2014) pointed out
that such fractures may be found at post mortem examination
or surgery in cases of coxofemoral luxation where they were
not apparent on imaging prior to euthanasia – emphasising
the need to appreciate and communicate the limitations of
our diagnostic assessments.

Of the 4 cases reported by Amitrano et al. (2014) in this
issue 2 were subjected to euthanasia immediately after
diagnosis was confirmed and one pony underwent femoral
head ostectomy with a satisfactory long-term outcome. The
remaining case was an 8-year-old donkey that underwent
toggle pin stabilisation but the joint reluxated after 3 days and
a femoral head ostectomy was then performed. The donkey
was, however, subjected to euthanasia 2 days later due to
severe lameness. The options for management of coxofemoral
luxations have been reviewed in this journal by Clegg and
Comerford (2007) and García-López (2010). Clegg and
Comerford (2007) point out that closed reduction is still
worthwhile attempting in recent cases of <36 h duration and
record success with 2 cases in ponies seen within 12 h of injury.
In cases where this is unsuccessful or more chronic cases then
femoral head ostectomy remains a useful salvage procedure
for smaller animals intended to be kept as pets. More

challenging surgical options such as the use of toggle pins with
greater trochanter transposition (Garcia-Lopez et al. 2001) or
total hip arthroplasty (Huggons et al. 2010) have also been
deployed; however, significant complications including
pulmonary fat embolism following total hip arthroplasty leave
much still to be learnt about the optimal approach.
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Summary
Eleven healthy horses underwent 5 repeated
abdominocenteses, with either a sharp-tipped spinal needle
or a blunt-tipped teat cannula to investigate possible
differences in success rate, sample volume, depth at which a
sample was obtained, length of procedure, complications
and cytological variables. Variables were analysed with a
repeated-measures ANOVA or Fisher’s exact test (α = 0.05).
Success rate, sample volume, length of procedure,
occurrence of haemorrhage during the procedure and
incidence of grossly visible blood contamination were not
different between techniques or over time. Depth at which
samples were obtained was greater using a cannula than a
needle (P<0.02), and samples were obtained with either
technique at a greater depth than abdominal wall thickness
assessed via ultrasound (P<0.014). Peritoneal fluid total and
differential nucleated cell counts, and total protein
concentration did not differ between techniques or over
time. Red blood cell count in the least blood contaminated
fraction of each sample was not affected by time, but it was
lower after needle abdominocentesis than after cannula
abdominocentesis (P = 0.04). Swelling of abdominocentesis
sites increased with both techniques over time (P<0.05)
and was more severe in horses undergoing cannula
abdominocentesis (P<0.05). Enterocentesis occurred with a
spinal needle in one horse, but no subsequent complications
were noted. Both techniques appear to be safe and reliable for
abdominocentesis in healthy horses. Using a blunt-tipped
cannula, as opposed to a needle, is likely to result in greater
subcutaneous swelling. Both the cannula and needle must be
long enough to penetrate well beyond the thickness of the
abdominal wall to achieve successful peritoneal fluid
collection.

Introduction
Abdominocentesis is performed as a diagnostic procedure in
horses suffering from colic, weight loss or other conditions
suspected to involve the abdominal cavity or abdominal
organs (Van Hoogmoed et al. 1996, 1999; Freden et al. 1998;
Garma-Avina 1998; Matthews et al. 2002; Weimann et al. 2002;
Latson et al. 2005; Pusterla et al. 2005). Further, repeated
abdominocenteses are necessary in longitudinal research
experiments investigating peritoneal fluid variables, and in

certain clinical cases to determine prognosis, course of
disease, or response to treatment (Hanson et al. 1992; Van
Hoogmoed et al. 1996; Brown et al. 2011).

The most commonly used abdominocentesis techniques
entail penetration of the abdominal wall and peritoneum
either with a sharp-tipped needle (Bach and Ricketts 1974;
Brownlow et al. 1981), or with a blunt-tipped cannula (Nelson
1979). Anecdotally, controversy exists as to whether one
technique is superior over the other to obtain adequate
peritoneal fluid samples or with regards to occurrence and
type of complications.

Using a blunt-tipped cannula to enter the abdomen has
been suggested to decrease the incidence of enterocentesis
or laceration of intestinal walls (Schumacher et al. 1985).
However, enterocentesis can still occur with a blunt-tipped
cannula (K. Duesterdieck-Zellmer, unpublished data) and may
result in more serious consequences, considering the larger
bore of the cannula and greater damage to the intestinal wall
compared with what may be expected with a sharp-tipped,
smaller bore needle. Additionally, blood contamination of the
collected sample may be more common with a blunt-tipped
cannula compared with a sharp-tipped needle, due to
bleeding from the stab incision through skin and underlying
tissues necessary to allow passage of the cannula. However,
differences in types and incidence of complications between
abdominocentesis techniques, or frequency of successful
peritoneal fluid sampling with either technique have not been
reported.

The impact of abdominocentesis technique on peritoneal
fluid variables has also not been established. With repeated
abdominocentesis, it is conceivable that penetration of the
abdominal wall and peritoneum with a larger bore,
blunt-tipped cannula may result in more pronounced local
inflammation than with a smaller bore sharp-tipped needle.
This may result in greater iatrogenic alteration of peritoneal
fluid variables when using the blunt-tipped cannula, making it
more difficult to determine subtle changes due to disease or
treatment over time.

The objective of this study was to determine whether
abdominocentesis with a sharp-tipped needle is superior to
abdominocentesis with a blunt-tipped cannula with respect
to successfully obtaining peritoneal fluid, complications during
and after abdominocentesis, and iatrogenically induced
changes in peritoneal fluid variables over time.
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Materials and methods

Horses
After approval by the Institutional Animal Care and Use
Committee (ACUP #3617), 11 healthy horses were used (9
nonpregnant mares and 2 geldings; 6 Thoroughbreds, 2
Quarter Horses, 2 Paint Horses, one Warmblood; average age
12 years, range 5–21 years). Horses were housed in 4 × 4 m stalls
with access to 4 × 7 m paddocks. They were provided with
water and grass hay ad libitum and underwent daily physical
examinations.

Five horses underwent repeated abdominocentesis with
an 11 cm blunt-tipped teat cannula (Udder Infusion Cannula)1

and 5 horses underwent repeated abdominocentesis with an
18 gauge, 9.8 cm spinal needle (BD Spinal Needle)2 at 0, 4,
24, 48 and 72 h. Horses were randomly assigned to an
abdominocentesis technique. A sixth horse was added to the
needle group after inadvertent enterocentesis limited data
collection from one mare in this group. Horses were sedated
with xylazine (AnaSed)3 alone (0.3–0.5 mg/kg bwt i.v.) or in
combination with butorphanol (Torbugesic,4 0.01–0.02 mg/kg
bwt i.v.) for abdominocentesis.

Peritoneal fluid collection
After clipping of a 20 × 20 cm area extending caudad
from the xyphoid and to the right of ventral midline, the
abdominocentesis site was chosen within the clipped area
in a location without visible skin vessels. In addition, sites
for repeat abdominocenteses were chosen within the
clipped area in locations with minimal swelling from
previous abdominocenteses. Otherwise no specific pattern
was followed with respect to location of repeat
abdominocenteses. Abdominal wall thickness was then
measured via ultrasound (MyLab4)5 by 2 investigators (J.H.R.,
E.C.M.) together, who had to be in agreement about the
validity of the measurement at the exact site of and
immediately prior to abdominocentesis. Specifically, distance
between the skin surface and the parietal peritoneum, visible
as a bright white line with viscera immediately deep to it,
was measured once. Amount of peritoneal fluid at the
abdominocentesis site was not specifically assessed or
recorded. The site was then aseptically prepared and aseptic
abdominocentesis was performed by one of 2 veterinary
students prospectively trained in both abdominocentesis
procedures under the supervision of 2 experienced
veterinarians. Operators were randomly assigned to each
horse at each time point.

For needle abdominocentesis, the spinal needle was
placed through the skin to a depth of 5–10 mm, followed by
removal of the stylet. The needle was then advanced in
2–3 mm intervals. This was followed by pauses to observe for
appearance of fluid in the hub or occurrence of any rotary or
quick linear movements of the needle. Such movement was
assumed to be caused by bowel moving against the tip of the
needle, which in turn was assumed to indicate successful
penetration of the peritoneum. Direct contact of the tip of the
needle with the serosal surface of bowel was also assumed
when a rasping sensation was felt while holding the hub. This
sensation was thought to be caused by bowel moving over
the tip of the needle. The needle was advanced slowly to the
hub, until the serosal surface of bowel was thought to be
encountered, or until fluid was obtained. When the serosal
surface of bowel was thought to be encountered, if no

peritoneal fluid was obtained, the needle was withdrawn
2–3 mm, redirected and advanced again. This was repeated
as many times as needed to obtain peritoneal fluid with no
restriction in number of times the needle was redirected or
restriction in total time for the procedure. Attempts to obtain
peritoneal fluid ceased when the supervising experienced
veterinarians concluded that further manipulations were
unlikely to be successful.

For cannula abdominocentesis, skin and subcutaneous
tissues were locally anaesthetised with 2 ml of mepivacaine
(Carbocaine-V)6. A stab incision was made through the
desensitised skin, subcutaneous tissues and external rectus
sheath using a No. 15 scalpel blade. To minimise blood
contamination of peritoneal fluid during collection, the
cannula was pushed through the middle of a 10 × 10 cm sterile
gauze prior to advancing it in 5–10 mm increments until
peritoneal fluid was obtained. Entrance into the peritoneal
cavity was confirmed where necessary by quickly and
forcefully attempting to inject 8–10 ml of air through the
cannula, immediately followed by disconnecting the syringe
from the cannula. Retroperitoneal location of the cannula
openings was assumed when pressure was encountered
during injection and air came rushing back out after
disconnecting the syringe from the hub. In contrast,
intraperitoneal positioning was assumed when no air escaped
from the cannula. Additionally, a loss of resistance against
advancing the cannula was interpreted as a sign of successful
penetration of the peritoneum. When the cannula was
advanced as far as possible into the peritoneal cavity without
yielding fluid, it was retracted for 2–3 cm, redirected and
advanced again in 5–10 mm increments. This was repeated as
many times as needed to obtain peritoneal fluid with no
restriction in the number of times the needle was redirected or
restriction in total time for the procedure. Attempts to obtain
peritoneal fluid ceased when the supervising experienced
veterinarians concluded that further manipulations were
unlikely to be successful.

Peritoneal fluid samples were collected into 3 ml tubes
containing EDTA (Monoject).7 When ample peritoneal fluid
was encountered, up to 5 ml of fluid was collected using 2
tubes and the sample volume was recorded as 5 ml.
Otherwise, the entire amount of peritoneal fluid that could be
obtained over a time of 2 min was measured and the exact
volume collected was recorded. In cases where a sample was
judged visually to be significantly contaminated with blood,
the second tube was used to obtain a less contaminated
sample, if possible, consistent with clinical practice. Only the
less contaminated tube was submitted for analysis to reduce
the effect of peripheral blood contamination on cytological
variables.

Time to successful fluid collection was recorded from first
perforation of the skin either by the needle or the scalpel
blade to time of removal of the needle or cannula. All
investigators were aware that time would be recorded.
Further, depth at which the tip of the needle or cannula had
been located when peritoneal fluid was obtained was
recorded by grasping the shaft at the level of the skin before
removing the needle or cannula, and measuring the length of
the shaft that had been extending into the abdominal cavity.

Subcutaneous swelling was assessed prior to each
abdominocentesis as absent, mild (swelling ≤4 cm in diameter
and 1 cm in depth), or moderate (swelling >4 cm in diameter
and 1 cm in depth). The occurrence of external haemorrhage
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during abdominocentesis was recorded as present or absent.
Further, grossly visible blood contamination of the obtained
peritoneal fluid and occurrence of enterocentesis were also
recorded as present or absent.

Examination of peritoneal fluid
Total erythrocyte and nucleated cell counts were determined
via automated count (Advia 120)8. Leucocyte differential
counts were performed by counting 300 cells on
Wright-stained cytospin slides (Cytospin 4)9. Monocytes,
lymphocytes, and macrophages in peritoneal fluid were
classified collectively as mononuclear cells. Total protein
concentration was determined as total solids concentration
by refractometry (Palm Abbe Digital Refractometer)10.

Statistical analysis
Continuous variables were compared using a repeated
measures analysis of variance to find significant main effects or
time by technique interactions. Where these were significant,
F-protected t tests were run to determine which specific
comparisons had significant differences. Contingency tables
and Fisher’s exact test were used for categorical variables to
determine differences between techniques at a given time,
and between time points for each technique. Significance
was set at P<0.05. Data are presented as mean ± standard
error of the mean. Enterocentesis occurred in one horse with a
spinal needle at 4 h. Data from this horse were excluded from
statistical analysis, and substituted with data collected from an
additional horse via needle technique.

Results
All physical examination variables remained within normal
limits throughout the study. Abdominal wall thickness
measured by ultrasound did not differ between technique
groups (P = 0.38), or over time (P = 0.51) with an average
abdominal wall thickness prior to first abdominocentesis of 2.8
± 0.5 cm and 3.5 ± 0.7 cm for needle and cannula
abdominocentesis groups, respectively.

Depth of the tip of the cannula when a peritoneal fluid
sample was obtained was greater than depth of the tip of the
needle upon obtaining a sample at all sampling times (P<0.02),
other than at 4 h (P = 0.06). Measured average depths were
7.9 ± 0.5 cm, 8.1 ± 0.1 cm, 8.0 ± 0.9 cm, 8.0 ± 0.7 cm and 8.2 ±
0.9 cm for the cannula and 5.0 ± 0.1 cm, 6.2 ± 0.4 cm, 5.6 cm ±
0.4, 5.4 cm ± 0.4 and 6.1 cm ± 0.4 for the needle at times 0, 4,
24, 48 and 72 h, respectively. For both techniques, peritoneal
fluid was consistently obtained at a greater depth than the
abdominal wall thickness measured via ultrasound (P<0.014,
Fig 1).

Successful collection of peritoneal fluid was not influenced
by abdominocentesis technique (P>0.44), nor by time (P>0.16).
Three of 25 abdominocentesis attempts using a spinal needle
were unsuccessful (one attempt at 24 h and 2 attempts at
72 h) and 2 attempts were unsuccessful when a cannula was
used (both at 4 h).

Time from first penetration of skin to removal of the needle
or cannula after successful collection of peritoneal fluid did
not differ between techniques (P = 0.69) or over time (P = 0.40).
Abdominocentesis procedures took 8.7 ± 1.2 min using a spinal
needle and 7.8 ± 0.8 min using a cannula.

Volume of fluid obtained was greater with the needle
abdominocentesis technique than with the cannula

technique at 4 h (3.7 ± 0.6 ml vs. 1.9 ± 0.9 ml; P = 0.03), and at
24 h a greater sample volume was obtained using the cannula
compared with the needle abdominocentesis technique (5.0
± 0.0 ml vs. 3.3 ± 0.8 ml; P = 0.05).

No difference in occurrence of external haemorrhage
(Table 1) was found between the 2 abdominocentesis
techniques (P>0.20), and there was no effect of time (P>0.18).

Grossly visible blood contamination of any fraction of the
peritoneal fluid samples was present in one sample obtained
via needle abdominocentesis, and in 4 samples obtained via
cannula, but this difference was not statistically significant
(P>0.35) and there was no effect of time (P>0.38).

Total nucleated cell counts were not different between
techniques (P = 0.39) or over time (P = 0.89, Fig 2). Individual
values remained within the reference interval of <5.0 × 109

cells/l (Nelson 1979). In one mare, enterocentesis occurred via
needle at 4 h and the peritoneal fluid total nucleated cell
count at 24 h was 16.49 × 109 cells/l with 93% neutrophils, but
returned to 4.99 × 109 cells/l with 73% neutrophils at 48 h
without any treatment. Data obtained from this horse was
removed from analysis, and replaced with data from an
additionally enrolled 11th horse.

The percentage of neutrophils among nucleated cells in
peritoneal fluid did not differ between techniques (P = 0.83) or
over time (P = 0.36). Average percent neutrophils in samples
obtained using a needle was 63.4 ± 3.9 % and 65.6 ± 3.3 % in
samples obtained via cannula.

Peritoneal fluid total protein concentration (Fig 3) was not
influenced by technique (P = 0.71) or time (P = 0.92), with
concentrations of 12 ± 1.0 g/l after needle abdominocentesis
and 11 ± 1.0 g/l after cannula abdominocentesis. All individual
values remained below 20 g/l.

Peritoneal fluid red blood cell count in the least blood
contaminated fraction of peritoneal fluid samples was not
affected by time (P = 0.47), but technique had a significant
influence (P = 0.039). Average red blood cell count was
2400 ± 872 × 109 cells/l after needle abdominocentesis and
6400 ± 1720 × 109 cells/l after cannula abdominocentesis.
Nevertheless, no significant difference was found between
techniques at any individual sampling time (P>0.08).

Swelling at the abdominocentesis site was greater at
24 h with cannula abdominocentesis compared with needle
abdominocentesis (P = 0.048). Incidence and severity of
swelling changed significantly over time with both techniques
(P = 0.05 for needle abdominocentesis; P = 0.004 for cannula
abdominocentesis; Table 2).

Discussion
In the current study, both abdominocentesis techniques
appeared to be safe in horses, and neither technique was
superior to the other with respect to successful fluid collection,
time to peritoneal fluid collection, or sample volume. Overall,
approximately 10% of abdominocentesis attempts were
unsuccessful, which is higher than one in 40 abdominocentesis
procedures reported by Juzwiak et al. (1991). Some equine
practitioners believe that using a cannula to perform
abdominocentesis takes longer than using a needle, as
penetration of the skin with a scalpel blade represents an
additional step that is not required when using a needle.
However, this was not substantiated in the present study,
possibly due to the relatively inexperienced but trained
operators. The use of such operators probably prevented
personal bias to be introduced by more experienced
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operators who had become more proficient in the technique
of their choice over the course of their careers. Further, the
additional time needed for local anaesthesia during
preparation of the abdominocentesis site was not accounted
for. Thus, the total time from clipping to removal of the
abdominocentesis device may in fact be slightly longer for
abdominocentesis via cannula.

Abdominocentesis technique did not influence peritoneal
fluid nucleated cell count, percentage of neutrophils, or
total protein concentration in samples from repeated

abdominocenteses. For cannula abdominocentesis, this is
consistent with previous reports (Schumacher et al. 1985;
Juzwiak et al. 1991). Although this may be different in horses
with peritoneal inflammation, we found no evidence that
penetration of the abdominal wall and peritoneum with a
larger bore, blunt-tipped cannula causes more peritoneal
inflammation than with a smaller bore, sharp-tipped needle. In
contrast, inflammation of the subcutaneous tissues was more
profound when a cannula was used for abdominocentesis
compared with a needle, as evidenced by more horses with a
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Fig 1: Mean abdominal wall
thickness measured via ultrasound
at abdominocentesis site and mean
depth of needle or teat cannula
at which a sample was obtained.
Error bars depict s.e.m. * Significant
difference between ultrasound
measurement of abdominal wall
thickness and depth at which the
sample was subsequently obtained.

TABLE 1: Frequency of external haemorrhage during repeated abdominocentesis procedures in 10 healthy horses

Abdominocentesis
sampling time (h)

Needle
abdominocentesis (n = 5

at each time point)

Cannula
abdominocentesis (n = 5

at each time point) Fisher’s exact test P value

0 0 0 1.0
4 1 2 1.0

24 0 1 1.0
48 0 1 1.0
72 1 3 0.21
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larger volume of swelling in this group. Swelling was observed
as early as 4 h after the first abdominocentesis with either
technique and seemed to peak at 24 h, after which severity
and incidence decreased again. This may be explained by
the 3 abdominocentesis procedures being performed during
the first 24 h, followed by just one procedure every 24 h
thereafter, although sites for repeat abdominocentesis were

deliberately selected outside of regions of swelling while
remaining within the clipped area.

A higher incidence of external haemorrhage during
abdominocentesis with the use of a cannula was expected to
occur, due to the necessity for a skin stab incision and the
forcing of a blunt cannula through muscle tissue. However, this
was not statistically supported, probably due to the small
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Cannula Fig 2: Mean nucleated cell count in
peritoneal fluid samples collected
using a spinal needle (needle) or a
teat cannula (cannula). Error bars
depict s.e.m. The dotted grey line
shows the upper end of the normal
reference range (Nelson 1979).
No significant differences between
techniques (P = 0.39) or over time
(P = 0.89) were found.
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Fig 3: Mean total protein
concentration in peritoneal fluid
samples collected using a spinal
needle (needle) or a teat cannula
(cannula). Error bars depict s.e.m.
The dotted grey line shows the
upper end of the normal reference
interval (Dallap Schaer and Orsini
2008). No significant differences
between techniques (P = 0.71) or
over time (P = 0.92) were found.

TABLE 2: Subcutaneous swelling at abdominocentesis sites in 10 healthy horses undergoing repeated abdominocentesis procedures

Needle abdominocentesis Cannula abdominocentesis

Fisher’s exact
test P value

Abdominocentesis
sampling time (h) No swelling

Mild
swelling

Moderate
swelling No swelling

Mild
swelling

Moderate
swelling

0 5 0 0 4 1 0 1.0
4 4 1 0 2 3 0 0.52

24 1 3 1 0 0 5 0.048
48 1 4 0 0 2 3 0.17
72 2 3 0 1* 1* 2* 0.38

Mild swelling: <4 cm in diameter and <1 cm in depth. Moderate swelling: >4 cm in diameter and >1 cm in depth. * Swelling at the
abdominocentesis site was not recorded in one horse.
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number of experimental horses and subsequent low power of
the statistical analysis. Additionally, close attention was paid to
avoid obvious skin vessels when performing the stab incision.
Even when haemorrhage was encountered, this did not
appear to result in grossly visible blood contamination of the
sample in all cases, as haemorrhage was encountered in 9
procedures (2 with a needle, 7 with a cannula), but only 5
samples were grossly blood contaminated (one with a needle,
4 with a cannula). Placing gauze between the abdominal wall
and the hub of the cannula appears effective in some cases
to prevent extra-abdominal haemorrhage from grossly
contaminating the sample. As the less blood contaminated
fraction of samples were used for cytological evaluation, the
presented red blood cell counts do not accurately reflect the
degree of blood contamination encountered and must be
interpreted cautiously. This is also likely to explain the lower red
blood cell counts reported in the current study compared
with a previous study (Schumacher et al. 1985). Nevertheless,
quantitation of red blood cell numbers in the least blood
contaminated fraction of samples did yield higher counts in
samples obtained using a cannula compared with a needle,
and needle abdominocentesis may therefore be preferable in
cases where it is desired to minimise red blood cell content in
the sample. In addition, as practiced by many clinicians,
keeping a second sampling tube within easy reach during
abdominocentesis allows collection of separate fractions of
fluid during abdominocentesis, which can help minimise the
effect of blood contamination on the cytological profile of the
resulting sample.

Enterocentesis occurred during just one abdominocentesis
in the current study, performed with a needle. Subsequently,
similarly to what has been reported previously (Schumacher
et al. 1985), the nucleated cell count and percentage of
neutrophils increased in the next peritoneal fluid sample,
obtained 20 h later, but returned to within reference intervals
44 h after enterocentesis, which is earlier than previously
reported (Schumacher et al. 1985). A puncture site from an
enterocentesis with an 18 gauge needle is likely to be sealed
quickly in healthy bowel wall (Tulleners 1983). However,
in compromised bowel or in bowel with ileus, this may not
be the case. Thus, although no treatment was initiated after
enterocentesis in this study, the use of antimicrobial and
nonsteroidal anti-inflammatory medication in horses after an
enterocentesis should be determined based on the perceived
risk of localised or generalised septic peritonitis. Based on the
data presented here, we cannot conclude whether it is more
likely that an enterocentesis will be inadvertently performed
using a needle compared with a cannula. One of the authors
(K.F.D.-Z.) has performed an exploratory laparotomy on a
horse that incurred an enterocentesis via cannula prior
to surgery. During exploratory laparotomy, no free feed
material was found in the abdomen, and the enterocentesis
site in the healthy right ventral colon appeared to be
sealed, presumably by muscular contraction. In this case,
enterocentesis with a cannula was relatively inconsequential,
but an appropriate management strategy must be
determined on a case-by-case basis. In our opinion, if surgical
exploration is not warranted due to the original problem,
results of repeat abdominocenteses should be used to assess
degree of intestinal disruption from the enterocentesis, and
any signs of intestinal perforation or septic peritonitis, such as
acidic abdominal fluid with decreased glucose and increased
lactate concentrations, feed material or very high nucleated

cell counts in abdominal fluid, fever, tachycardia, or the
development of an inflammatory leucogram warrant strong
consideration of surgical exploration. In our opinion, the
administration of nonsteroidal anti-inflammatories and broad
spectrum antimicrobial coverage should be provided in any
case after enterocentesis with a cannula.

Using a cannula for abdominocentesis, the depth at which
fluid was obtained was significantly greater than when a spinal
needle was used. This was not due to differences in abdominal
wall thickness, which did not differ between experimental
groups, but it may be explained at least in part by the
configuration of the openings on the teat cannula (closed tip,
2 openings in the shaft 0.5–1.5 cm from the tip). Abdominal
wall thickness measured via ultrasound was consistently less
than the depth at which a peritoneal fluid sample was
obtained, independent of collection technique. This suggests
that choosing a collection device just long enough to
penetrate the abdominal wall, based on ultrasound
measurements, is unlikely to allow successful collection of
peritoneal fluid. In the current study, the lowest measured
depth of the tip of the needle for a successful
abdominocentesis was 3.8 cm, suggesting that the use of a
3.8 cm hypodermic needle would have been inadequate for
successful abdominocentesis in most cases. This is in contrast to
what has been stated previously (Bach 1973), and what many
veterinarians experience anecdotally in practice. However,
based on the greatest measured depth for the tip of the spinal
needle upon obtaining a fluid sample being 7 cm, choosing
a needle that is at least 7 cm in length is recommended for
needle abdominocentesis in horses of average size and body
condition. Similarly, for cannula abdominocentesis, a cannula
that is at least 11 cm in length would be considered
appropriate according to the results obtained in this study.

A limitation of the current study is the use of clinically
normal horses. Therefore, application of results of this study to
horses with abdominal disease or inflammation should be
performed with some caution. Furthermore, it was impossible
to assess the occurrence of bowel laceration (Tulleners 1983)
with the sharp-tipped spinal needle, although if this did occur,
it was not clinically significant since all physical examination
variables remained within normal limits throughout the study. A
prospective study assessing complications during and after
abdominocentesis in clinical cases is warranted to address
these limitations. Finally, peritoneal fluid samples were not
assessed for pH, lactate or glucose concentration, variables
commonly used to detect septic peritonitis (Van Hoogmoed
et al. 1999) or intestinal hypoperfusion (Latson et al. 2005). To
our knowledge, no information is available on the influence of
repeat abdominocenteses or abdominocentesis technique
on these variables.

To address our objective to determine whether
abdominocentesis via needle is superior to abdominocentesis
via cannula or vice versa, we conclude that neither technique
is clearly superior to the other. Both techniques appear to be
safe for abdominocentesis in horses and can be expected to
produce peritoneal fluid samples successfully from most
healthy horses. Neither procedure appeared to be faster than
the other when performed by operators who had not yet
developed a preference for either technique, and when time
for site preparation was excluded. No differences in peritoneal
fluid variables with repeated abdominocentesis were
observed over time, or between techniques, other than a
higher red blood cell count after cannula abdominocentesis
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despite evaluating the less contaminated fraction of the
sample. Using a blunt-tipped cannula is also likely to result in
more subcutaneous swelling than when a needle is utilised
and it is important to select a collection device that is long
enough to penetrate beyond the ultrasonographically
measured thickness of the abdominal wall.
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The following two articles have been published online as part of the EVE Oncology Virtual Issue.
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Case Report

Resection of a premaxilla and rostral portion of the maxilla
in a horse
M. Cousty* and C. Tricaud
Clinique Equine de Livet, St Michel de Livet, France.
*Corresponding author email: cousty@celivet.com
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Summary
A 5-year-old, 520 kg Standardbred mare was admitted for an
osteosarcoma of the right premaxilla. Two horizontal incisions
of the labial mucosa and lingual surface were made 1 cm
around the ulceration from the canine tooth to the premaxillary
symphysis. The premaxilla and rostral portion of the maxilla
were transected 1 cm caudal to the canine tooth with an
oscillating saw. The maxillary symphysis was transected using
an oscillating saw and a hammer. The wound was closed by
primary intention and healed without complication. The
cosmetic appearance of the mare was good. The mare was
able to prehend hay and grain and grazed without difficulty
and the tongue did not protrude. The neoplasm had not
recurred 18 months after the surgery. A premaxilla and rostral
portion of the adjacent maxilla can be resected to treat horses
for a unilateral lesion of the premaxilla but care must be taken
to avoid the palatine and incisive arteries which lie within the
interincisive canal.

Introduction
Proliferative, fibro-osseous lesions of the mandible and
premaxilla have been previously reported in horses (Barber
et al. 1983; Orsini et al. 1991; Richardson et al. 1991;
Schumacher et al. 1996; Auer 2005; Bush et al. 2007). Ossifying
fibroma is the most common neoplasm encountered
(Richardson et al. 1991; Auer 2005). Fibroma (Barber et al.
1983), fibrosarcoma (Auer 2005), osteosarcoma (Bush et al.
2007) and squamous cell carcinoma (Orsini et al. 1991) are the
other neoplasms which can be encountered. Exuberant
granulation tissue (Auer 2005) and phaeohyphomycosis are
non-neoplastic lesions which produce fibrous proliferation
(Schumacher et al. 1996). Phaeohyphomycosis has been
previously reported on the premaxillae of the horse
(Schumacher et al. 1996).

Osteosarcoma of horses is rarely reported. Based on the
majority of reports, the tumour most commonly occurs on the
head and, more commonly, in the mandible of young horses
(Bush et al. 2007). Osteosarcomas have also been described
at the scapula (Zaruby et al. 1993; Bush et al. 2007), proximal
aspect of the radius of a donkey (Kilcoyne et al. 2010),
proximal aspect of the tibia (Bush et al. 2007) and at the tarsus
(Jenner et al. 2003).

As proliferative fibro-osseous lesions are most commonly
encountered at the rostral aspect of the mandible than the
premaxillae, rostral mandibulectomy has previously been well
described (Richardson et al. 1991; Auer 2005). This procedure
can also be performed with the horse standing (Schumacher
2011). However, the resection of premaxilla(e) and maxilla(e)
has not been described extensively. One case report
describes the resection of the premaxillae and rostral portions
of the maxillae in a horse with squamous cell carcinoma (Bush
et al. 2007) and another describes treatment of a horse
infected with phaeohyphomycosis (Schumacher et al. 1996).
In these reports, maxillae were resected and all incisive teeth
removed because the lesions were extensive. To our
knowledge, resection of one premaxilla and the rostral portion
of the adjacent maxilla of a horse has not previously been
reported.

In this article we report resection of a premaxilla and the
rostral portion of the adjacent maxilla of a horse to remove an
osteosarcoma. The contralateral incisors were preserved.

Case report

History
A 5-year-old, 520 kg Standardbred mare was presented
at the Clinique Equine de Livet for a proliferative lesion
adjacent to the right upper incisor teeth. Radiographic
examination showed bone proliferation of the right premaxilla.
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The right intermediate incisor (Triadan 102) was slightly
displaced labially and the corner incisor (Triadan 103) was
severely displaced labially (Fig 1). The lesion, thought to be
exuberant granulation tissue, was resected and the corner
incisor excised, with the horse anaesthetised. The wound could
not be closed by primary intention.

Histological examination of the excised tissue showed a
tumoural proliferation into the osseous tissue. A dense
background of blood, including associated white blood cells,
was present. A variable number of cells occurring singly or in
clusters with indistinct cell boundaries were seen. Nuclei were
round to slightly oval with several nucleoli. Macronucleoli were
seen occasionally and mitotic figures seen rarely.
Occasionally, binucleation and, uncommonly, multinucleation
were seen. At the surface of the mass, inflammatory cells were
seen. These findings were consistent with an osteosarcoma.

After this procedure, the mucosa healed well but a
recurrence of the lesion occurred progressively 5 months after
the surgery. The mare re-presented at the hospital 6 months
after the first surgery.

Clinical examination
At physical examination, the mass was firm and ulcerated
rostrally and caudally to the 102. The mass was slightly smaller
than at the first presentation. The mass extended dorsally on
the gingiva, ventrally to the mucosa of the hard palate,
rostrally 1 cm to the premaxillary symphysis and caudally 2 cm
to the canine tooth (104) (Fig 2). Radiographic examination
revealed bone proliferation with extensive osteolysis around
the right, intermediate, premaxillary incisor (Triadan 102),
which was displaced labially. An island of dystrophic
mineralisation was present ventrally (Fig 3). After discussion
with the owner, it was decided to perform a resection of the
right premaxilla and rostral portion of the maxilla from the
premaxillary symphysis to the canine tooth (104).

Surgery
Prior to surgery, the mare received procaine penicillin
G (22,000 iu/kg bwt i.m. b.i.d.) and flunixin meglumine
(1.1 mg/kg bwt i.v. s.i.d.). Following sedation with romifidine
(0.08 mg/kg bwt i.v.), anaesthesia was induced with ketamine
(2.2 mg/kg bwt i.v.) and diazepam (0.2 mg/kg bwt i.v.) and
maintained with isoflurane and i.v. infusion (romifidine [5 mg/kg
bwt/min], ketamine [20 mg/kg bwt/min], butorphanol [5 mg/kg

Fig 1: Dorso-ventral radiographic view of the premaxilla at the
first presentation 6 months earlier. The image shows bone
proliferation around the 102 and an abnormal shape of the 103. The
102 and 103 are displaced laterally. Right is on the right.

Fig 2: Aspect of the mucosa at the second presentation showing
ulceration of the gingiva located cranially and caudally to the 102.
The red lines show the lines of the incision.

Fig 3: Dorso-ventral radiographic view of the lesion of the
premaxilla at the second presentation. The image shows a bone
proliferation with extensive osteolysis around the 102. The 102 is
displaced laterally. Right is on the right.
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bwt/min]). The mare was placed in left lateral recumbency.
The endotracheal tube was placed through the left nasal
passage to facilitate access to the mouth. A wedge was
placed between the left maxillary and mandibular check
teeth to hold the mouth open. The upper lip was retracted and
secured to the nostril with a suture. The oral cavity was washed
using a povidone iodine solution. The infraorbital nerves were
anaesthetised with 3 ml of 2% lidocaine into the infraorbital
foramen to maintain a lighter depth of anaesthesia.

A horizontal incision of the labial mucosa was made 1 cm
dorsally to the ulceration from the canine tooth to the
premaxillary symphysis. A horizontal incision of the lingual
surface was made from the canine tooth to the premaxillary
symphysis. Both ends of the incisions were joined 1 cm caudally
to the canine tooth and maxillary symphysis. Care was taken
to avoid the major palatine artery. The gingiva was elevated
with a periosteal elevator to expose normal bone. The junction
of the gingiva to the mucosa of the hard palate is firmly
attached to the premaxilla and a sharp incision had to be
performed before elevating the flap.

An oscillating saw was used to cut the right premaxilla
and rostral portion of the right premaxilla 1 cm caudally to
the canine tooth (Triadan 104). The palatine process of the
premaxilla was also transected using an oscillating saw. The
bone edges were smoothed with a curette and care taken to
avoid inadvertent incision of the oral mucosa. The ventral part
of the maxillary symphysis was transected using an oscillating
saw and the dorsal part carefully transected using an
osteotome and a hammer to avoid the incisive artery
contained within the interincisive canal. It was possible to
resect more than 1 cm around the lesion.

An intraoperative radiographic examination showed no
debris around the bone edges (Fig 4). The soft tissues of the
lingual surface were apposed to the labial side using a

cruciate suture using a polydiaxonone USP 0 (PDS). A Penrose
drain was placed at the premaxillary symphysis between the
bone and soft tissue.

Hospitalisation
After surgery the mare received procaine penicilline G
(22,000 iu/kg bwt i.m. b.i.d.) and phenylbutazone (2.2 mg/kg
bwt i.v. b.i.d) for 4 days. No bilateral nasal collapse following
infraorbital nerve block occurred post operatively. The mouth
was washed with a chlorhexidine solution (Hextril)1 twice daily
for 10 days. The Penrose drain was removed 2 days after the
surgery. Grain was withheld to prevent awns from penetrating
the incision. Hay was given for 3 days and grain was then
reintroduced. The mare was able to prehend and masticate
hay and grain correctly. No sign of pain was present. The
tongue did not protrude. The mare was discharged 3 days
after surgery.

Outcome
The wound healed by first intention. Six weeks after surgery, the
mucosa was completely healed and there were no signs of
recurrence of neoplasia (Fig 5). The appearance of the mare
was completely normal and she was able to prehend hay and
grain and to graze without difficulty. The tongue did not
protrude.

Six months after surgery, the appearance was still normal.
No signs of recurrence of the neoplasm were observed during
radiographic examination of the head (Fig 6). The mare
became a broodmare and foaled successfully.

Two years after surgery, the mare was examined and the
appearance of the mucosa was still normal.

Discussion

Osteosarcomas are primary malignant bone tumours that arise
in the medullary cavity and are characterised by the
production of osteoid and/or immature bone by malignant
osteoblasts [11]. Very few cases have been reported within the

Fig 4: Dorso-ventral intraoperative radiographic view showing no
irregularity of the bone edges. Right is on the right.

Fig 5: Aspect of the mucosa 6 weeks after the surgery.
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equine species (Zaruby et al. 1993; Thompson and Pool 2002;
Jenner et al. 2003; Kilcoyne et al. 2010). The aetiology and
pathogenesis of osteosarcomas are unknown but possible
predisposing factors may include trauma, viral infection and
exposure to radiation (Jenner et al. 2003). Some horses may be
genetically predisposed to developing osteosarcoma. In a
large case series, the majority occurred in male horses aged 7
years or older with a lack of metastasis identified in any horse
(Bush et al. 2007). However, osteosarcomas have also
previously been described in foals (Thompson and Pool 2002).
In this report, the mare was only 5-years-old.

Treating horses for osteosarcoma is difficult. Inability to
completely excise the tumour and progression of disease
typically result in euthanasia (Bush et al. 2007). Surgical excision
was found to be effective if it does not recur within 14 months
following surgery (Bush et al. 2007). Adjuvant chemotherapy is
commonly employed when treating human osteosarcoma.
The most common chemotherapeutic agents used to treat
man are methotrexate, doxorubicin and cisplatin (Withrow
et al. 1991). Longer disease-free intervals and survival in the dog
have been demonstrated with cisplatin or cisplatin/doxorubicin
combination following amputation (Withrow et al. 1991). In this
case, as it was possible to resect more than 1 cm around the
lesion, chemotherapy was not performed. The other reason
was that no data for treating horses for osteosarcoma with
chemotherapy are available.

Rostral mandibulectomy of the horse is most commonly
performed to remove a neoplastic lesion from the region and
the most commonly encountered neoplasm found at this site is
the juvenile ossifying fibroma (Richardson et al. 1991).
Indications for premaxillectomy of the horse are identical to
those for rostral mandibulectomy but the procedure is not

performed as commonly as is rostral mandibulectomy because
juvenile ossifying fibroma is less commonly encountered on the
premaxillae than it is on the mandible (Schumacher 2011). With
rostral mandibulectomy to treat ossifying fibroma, there were
no surgical complications or recurrences and the cosmetic and
functional results were good (Auer 2005). Mandibulectomy can
also be performed with the horse standing (Schumacher 2011).
During anaesthesia, the endotracheal tube can be inserted
nasally so that the tube does not interfere with surgery
(Schumacher 2011). To resect both premaxillae, the horse is
positioned in dorsal recumbency but because the lesion in our
horse was located on only one premaxilla, the horse was
positioned in lateral recumbency.

In rostral mandibulectomy, the most caudal portion of the
mandibular symphysis should be preserved to maintain stability
(Richardson et al. 1991). The ability to prehend feed can be
preserved despite the loss of a row of incisors and marked

Fig 6: Dorso-ventral radiographic view 6 weeks after the surgery
showing no abnormality of the bone edges. Right is on the right.

a)

b)

Fig 7: a) Ventral view of the premaxillary symphysis showing the
anastomosis of both major palatine arteries to form the incisive
artery. b) Dorsal view of the premaxillary symphysis showing the
incisive artery which divides into 2 lateral branches connected to
the superior labial arteries.
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shortening of the mandible (Auer 2005). However, some horses
can encounter problems grazing short grass but can prehend
longer grass with their lips (Auer 2005). With resection of the
premaxilla, stability is naturally maintained with the support of
the nasal bones and maxillae. In this case, the 3 left incisive
teeth were maintained and the mare was able to prehend
short grass. Overgrowth of the opposite incisors occurred but
no problem to prehend food was associated with these
changes (Auer 2005). Partial rostral hemimandibulectomy has
been shown to cause degenerative changes in the
temporomandibular joints of dogs (Umphlet et al. 1988) but
such degenerative changes have not been recognised in
horses (Auer 2005).

The main difference between performing premaxillectomy
and performing mandibulectomy is the care that must be
taken in preserving large vessels during premaxillectomy. The
major palatine artery (Arteria palatina major) is bilateral and is
located about 1 cm axial to gingival margins of the palate
(Collin 1993). Care must be taken when the mucosa is
elevated to avoid damaging this artery.

At the level of the premaxillary incisors, both major palatine
arteries anastomose to form the incisive artery (Fig 7a), which
enters the interincisive canal (Canalis interincisivus). Dorsally,
the incisive artery divides into 2 lateral branches connected to
the superior labial artery (Arteria labialis superior) and lateral
nasal artery (Arteria lateralis nasi) (Collin 1993) (Fig 7b). Care
must be taken when excising a premaxilla to avoid
traumatising the incisive artery when the premaxillary
symphysis is separated.

Conclusion
The premaxilla (and the adjacent rostral portion of the maxilla,
if necessary) can be excised to remove a neoplastic, osseous
lesion on the premaxilla. Care must be taken to avoid the
major palatine and incisive arteries at the level of the
interincisive canal.
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Resection of the rostral mandible, incisive bone and maxilla
has previously been described (Auer 2005). Although the
equine literature consists primarily of case reports, such
procedures are performed routinely in small animal cancer
patients (Arzi and Verstraete 2010). With adequate knowledge
of the regional anatomy and the prerequisite of adequate
margins, resection can be performed with relative ease and
good success. Mandibulectomy was recently described in the
standing horse (Schumacher 2011). Case reports and this
author’s personal experience suggest that horses cope
remarkably well, showing minimal post operative discomfort
and minimal loss of function (with appropriate modifications in
feed) following removal of the rostral jaw. In general, cosmetic
outcome also seems favourable to good (Richardson et al.
1991) (Fig 1).

In order to avoid confusion, a common (and anatomically
correct) classification should be used to describe resection of
the jaw bone: mandibulectomy procedures are classified
according to the portion of mandible removed. A ‘rim excision’
or partial segmental resection leaves the ventral border of
the mandible intact (Brown et al. 2002). The terms unilateral
or bilateral mandibulectomy state whether one or both
mandibles are removed. Resection may be rostral, central,
caudal or total. Maxillectomy can also be performed uni- or
bilaterally. Incisivectomy of the upper jaw refers to excision
limited to the incisive bone (premaxilla). Rostral maxillectomy
removes the rostral aspect of the maxillary bone and the
incisive bone (Verstraete 2005). Central, caudal and total
maxillectomy are terms that are less likely to be relevant to the
equine patient. In the accompanying case report Cousty and
Tricaud (2014) describe a unilateral rostral maxillectomy.

A single report has previously described partial
maxillectomy for treatment of infection with a dermatiaceous
fungi causing phaeohyphomycosis (Schumacher et al. 1996).
Tumours are a more common indication for surgery and will
be the focus of the remainder of this discussion. Tumours of
the equine jaw can be classified as those coming from the
dental tissue, of epidermal origin and originating from bone
(Knottenbelt 2005).

Tumours originating from dental tissues (odontogenic
tumours) are rare. Those most commonly referred to in the
literature are ameloblastoma, cementoma and odontoma.
Reference to oral adamantinoma can be found in earlier
literature (Wahl 1936; Vaughan and Bartels 1968; Hanselka
et al. 1974; French et al. 1984). Based on human classification
and their odontogenesis, these tumours should possibly be
grouped together with the ameloblastoma (Ivey and Churchill
1930). Ameloblastomata show clinical and radiographic
signs consistent with other oral tumour types. Differentiation

relies on histopathological evaluation of biopsy specimens
demonstrating the presence of odontogenic (specifically
enamel producing) epithelium. This tumour has previously
been described in foals (Roberts et al. 1978; Summers
et al. 1979; Jones and Brumbaugh 1991). Reports of early
intervention and wide surgical margins suggest that surgery
alone can be curative (French et al. 1984; Rosol et al. 1994).
This is consistent with the treatment of human patients with
ameloblastoma in which no adjunct therapy is recommended
(Franca et al. 2012; Tortorici et al. 2012). While metastasis
is unlikely, hypercalcaemia as a sign of paraneoplastic
syndrome has been described with this tumour type (Rosol
et al. 1994). Cementoma is the most common term used to
describe ‘hyperplastic cement accumulation’. The terms
cementosis and cementicles are also found in the literature.
The nomenclature of this group of cement accretions will likely
need refining as their aetiology and pathophysiology become
clearer (J. Easley, personal communication). The masses are
mesenchymal in origin and may be present during tooth
development. They are formed of reactive tissue rather than
representing a true neoplasm (Freeman 1991). Location of
these tumours, at the tooth root, makes early recognition
unlikely. Any disease creating periapical inflammation, such as
tooth fracture, periodontitis and dental impaction can cause
cementoma formation. Their radiographic appearance is very
characteristic (Fig 2) (Kreutzer et al. 2007; Schaaf et al. 2007).
Tooth removal is hampered by expansion in the region of the
root through the obstructive presence of the mass. This benign
lesion can, however, be resolved with tooth extraction or local
resection and currettage alone. Odontomas are hamartomas
which contain well differentiated dental tissues. The adjectives
complex and compound can be used to further differentiate
tumours histologically into those which display relative
organisation of the 3 tooth components (compound) and
those with a chaotic (complex) structure (Figs 3 and 4). There
is no apparent age predisposition for this tumour which may
present as painless swellings over the root regions of any of the
teeth of the jaw and can extend into the paranasal sinuses
(Dubielzig et al. 1986; Heufelder et al. 1994; Schumacher et al.
1997; Rubio-Martinez et al. 2011). Depending on location,
partial resection of the rostral upper or lower jaw may be
indicated. In the past repeat surgeries have been necessary,
giving a fair prognosis for resolution of disease (Dillehay and
Schoeb 1986; Dubielzig et al. 1986; Brounts et al. 2004;
Knottenbelt 2005). Adjunct therapy is not warranted.

While osteosarcomas are rarely reported in the horse, most
of those recorded have been located in the region of the
head (Thorp and Graham 1934; Barber et al. 1983; Livesey and
Wilkie 1986; Bush et al. 2007). This malignant mesenchymal
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tumour causes bone lysis (Fig 5) and the haphazard deposition
of reactive trabecular new bone by neoplastic cells. A biopsy
should be taken and evaluated in order to clearly differentiate
it from other tumours (ameloblastoma, ossifying fibroma and
fibrous dysplasia). Neoplastic osteoblasts (and a variable

number of osteoclasts) show a characteristic high mitotic
index. Attempts at surgical excision have been previously
described but failed due to inadequate surgical margins
(Bush et al. 2007). To the author’s knowledge, Cousty and
Tricaud (2014) are the first to describe the successful surgical
management of an osteosarcoma affecting the equine skull.
Through their novel approach of unilateral rostral maxillectomy
they were able to minimise morbidity and improve post
operative case management by preserving the mare’s ability
to prehend grass. Surgery and systemic chemotherapy are the
current standard of care for osteosarcoma in small animals,

Fig 1: Post operative appearance following bilateral rostral
maxillectomy for squamous cell carcinoma in an 11-year-old
Tennessee Walking Horse (see Fig 6 for preoperative image of
tumour).

(111.6:1)

Fig 2: Oblique radiograph of left mandible with evidence of a
cementoma (white arrow) adjacent to the caudal root of the
second premolar in a 7-year-old Freiberg mare.

Fig 3: Gross appearance of an odontoma of the maxilla taken from
a 12-year-old Thoroughbred mare.

E D

Fig 4: Cut surface of the mass seen in Figure 3. Disorganised regions
of enamel (E) and dentin (D) are visible throughout the mass
suggestive of a complex odontoma.
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with radiation generally only providing tumour control or
palliation (Coomer et al. 2009). In man surgical excision
remains the mainstay of treatment for osteosarcoma of the
jaw, with both chemo- and radiation-therapy being of
questionable value (Clark et al. 1983; Kassir et al. 1997; Jasnau
et al. 2008). As stated by Cousty and Tricaud (2014), systemic

use of chemotherapy is poorly described in the equine
literature (Mair and Couto 2006). Local use of platin-based
drugs are, however, effective in the management of
cutaneous neoplasms (Theon et al. 1999, 2007) and
implantation of cisplatin beads might be considered prior to
gingival closure (Hewes and Sullins 2006).

Squamous cell carcinoma can affect any of the structures
within the equine oral cavity, pharynx and larynx. As with any
mass-lesion, presence and extent of disease must be assessed
as early and as thoroughly as possible, ideally through
advanced imaging such as computed tomography (Witte
and Perkins 2011), prior to any form of intervention. This tumour
shows aggressive behaviour which is infiltrative, destructive
and ulcerative. Chronic irritation of the mucosa, as seen in
chronic periodontitis, has been proposed as a cause of
squamous cell carcinoma of the oral cavity (Knottenbelt
2005). While a high index of suspicion is justified based on
prevalence and appearance, histopathological confirmation
through the identification of the characteristic irregular cords
of downward-invading neoplastic keratinocytes and keratin
‘pearls’ should be performed before committing to treatment.
Incisivectomy (Orsini et al. 1991) has been reported for
the successful management of squamous cell carcinoma.
Figures 6–8 show this author’s experience with bilateral rostral
maxillectomy in an 11-year-old Tennessee Walking Horse
presented for treatment of a squamous cell carcinoma. Based
on the apparent sensitivity of this tumour type to gamma
radiation, (Walker et al. 1998) and in order to decrease
the likelihood of recurrence, surgical intervention was
followed at 6 weeks with weekly radiation. A total dose of
32 Gray was delivered in 4 treatments. On the basis of the
potentially beneficial effects of nonsteroidal anti-inflammatory

Fig 5: Dorsoventral radiograph of an 18-year-old pony presented
for an expansile mass of the right maxillary bone. Lysis and
concurrent deposition is evident, suggestive of an osteosarcoma.
This was confirmed on histopathology.

Fig 6: Preoperative image of a horse with squamous cell
carcinoma of the rostral maxilla.

Fig 7: Intraoperative image of horse in Figure 6 showing mucosal
closure after bilateral rostral maxillectomy.
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medication in controlling squamous cell carcinoma (Moore
et al. 2003; Elce et al. 2007; Thamm et al. 2008) this horse
was also discharged on oral piroxicam. Adjunct local
chemotherapy (e.g. cisplatin beads) might also be indicated
and practical in such cases (Theon et al. 2007; Barabas et al.
2008). The horse in Figure 1 showed no signs of local recurrence
and was being used for pleasure riding at 6 year follow-up.

Ossifying fibroma is a proliferative, fibro-osseus, tumour-like
lesion that most commonly develops in the rostral mandible
causing distortion of the lip and adjacent teeth (Fig 9). Most
cases occur in horses less than one year of age (Morse et al.
1988). Dense tissue is seen on radiographs with variable
degrees of calcification. Unilateral rostral maxillectomy and
bilateral rostral mandibulectomy have been described with
adequate margins being the prerequisite for curative surgery
(Richardson et al. 1991; Kawcak et al. 1996). Radiation alone
has also been reported to be successful (Robbins et al. 1996)
and may be helpful as an adjunct therapy in the case of
incomplete surgical resection (Orsini et al. 2004).

Fibrous dysplasia presents as a smooth contoured bone
deformity arising from loss of bone structure with extensive
formation of fibro-osseus matrix (Fig 10). A well demarcated
radiolucent cavity is visible radiographically (Fig 11). The
tumour becomes evident through its progressive expansile
growth. Most lesions are monostotic (involving only a single
bone), asymptomatic and identified incidentally. They can be
treated with clinical observation alone. Should the expansile
growth impinge upon adjacent structures, surgical excision

may be warranted. Use of bisphosphonates, to reduce pain
and initiate bone deposition, has been previously described
in human patients and could be considered in the equine
patient (Wirth 2012).

The described mass lesions are those more commonly
encountered in the equine oral cavity, affecting the
jaw. Additional differential diagnoses include osteomas,
exuberant granulation tissue, epulis, myxomatous tumours of
the jaw, haemangiosarcoma, lymphosarcoma and aneurismal
bone cysts (Knottenbelt 2005). Imaging and biopsy should
always be performed prior to undertaking any form of
management (Witte and Perkins 2011). Surgical resection,
through mandibulectomy or maxillectomy, can be considered

Fig 8: Intraoral dorso-ventral radiograph of the horse seen in
Figure 6 following bilateral rostral maxillectomy.

Fig 9: Ossifying fibroma of the equine mandible (Image courtesy of
Dr J. Easley).

Fig 10: Mandibular fibrous dysplasia in a yearling Thoroughbred.
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in cases of diseases affecting the jaw if adequate surgical
margins can be achieved.
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