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To the unknowing eye, the caravan of 
farrier and vet trucks rolling down 
State Route 1525 in Tryon, N.C., at 
5:45 p.m. on the first Monday of 
every month might suggest a horse 
emergency nearby. Most in the local 
horse community, however, know that 
the destination is the monthly “farrier 
jam session” hosted by solo 
ambulatory practitioner Dr. Bibi Freer 
at her farm. 

From 6:00–10:00 p.m., up to 20 
farriers and several veterinarians in the 
region gather for an evening of 
education and collegiality in a wet lab 
environment in which attendees col-
lectively examine, radiograph, discuss 
and shoe two horses exhibiting some 
degree of lameness. 

Inspired by her experience at a similar 
workshop conducted by friend and 
AAEP colleague Dr. Jim Meeker in 
Mocksville, N.C., Dr. Freer launched 
her farrier jam sessions in 2010 to 
establish positive relationships with 
the local farrier community.

“It’s essential that the veterinarian and 
farrier be collegial, professional and 
communicate with each other or the 
horse isn’t going to receive the proper 
care and the owner isn’t going to 
receive the value of one of our 
services,” said Dr. Freer, who also 
plays the banjo and hosts traditional 
music jams at her house comprising 
musicians with different instruments 

and skills sets. “If possible, the rela-
tionship should be cultivated before 
an issue comes up with the horse’s 
soundness or health.”

During a farrier jam session, each 
horse is evaluated, including at a walk 
and on a longe line or in the round 
pen. Radiographs and measurements 
such as sole depth, palmar angle and 
percent of ground contact in front and 
behind the center of rotation are taken 
and discussed among the group before 
the horse’s owner, veterinarian and 
farrier jointly determine the best 
shoeing strategy to accomplish stated 

goals. The horse is then reshod 
accordingly and radiographed again 
to determine whether the strategy 
worked. 

The subject horses must be farrier-
referred. “This is a community-build-
ing event,” said Dr. Freer, “not an 
outlet to go behind somebody’s back.” 

A majority of referred horses are cases 
for which the farrier would like to see 
radiographs and hear other farriers’ 
opinions, but the owner can’t afford a 
farm call with the veterinarian and 
farrier at the same time. 

Owners who bring their horse to a 
jam session are charged $200, which 
saves them money, covers service costs 
and provides attendees with an inter-
esting case from which to learn. 
Proceeds are deposited in an account 
and used to help fund occasional 
clinics with renowned farriers and 
equine podiatrists to further advance 
the knowledge and skills of the area’s 
farrier and veterinary community. 

Dr. Freer said the jam sessions have 
improved the dynamics among the 

ASSOCIATION

Starting off on the right foot
Monthly gathering improves horse care, veterinarian-farrier relationships in western Carolinas  

Veterinarian participant Dr. Grace Buchanan discusses radiographic findings with 
several farriers.

Ph
ot

o 
co

ur
te

sy
 o

f V
er

re
cc

hi
o 

Jo
yr

id
es

 P
ho

to
gr

ap
hy

Participants examine a horse to help determine an appropriate shoeing strategy.
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ASSOCIATIONIV   AAEP News May 2018   

Starting off on the right foot, continued

region’s farriers and veterinarians, a sentiment echoed by 
longtime Tryon farrier Jack Montgomery.

“Before the farrier jams, there were a few farriers who 
worked well together; but for the most part there was too 
much competition, and relationships between veterinarians 
and farriers were like walking on eggshells,” said 
Montgomery. “The farrier to farrier and the veterinarian to 
farrier relationships have grown tremendously. It’s amazing 
how the farrier jam sessions have helped everyone evolve.”

Communication about upcoming jam sessions is handled 
through a Google Group listserv with approximately 80 
farrier members. Although the jam session can make for a 
long day, the camaraderie and conversation invigorate its 
host.

“If around 4:30 on that first Monday afternoon I’ve had a 
busy day, I’m tired and I’m thinking ‘I don’t have the energy 
to do this,’ I never feel that way at 10:00 when we finish,” 
said Dr. Freer. “I’m supercharged that attendees have had a 
good time, we’ve had a good discussion and the owners are 
happy.”

If you are interested in establishing your own farrier 
meetings, Dr. Freer recommends recruiting several respected 
veteran farriers with whom you have a good relationship 
for help in getting started. Dr. Freer has helped several 
colleagues establish their own meetings and is glad to share 
her experience with those who contact her directly at 
bfreer@windstream.net. 

Equine welfare priorities set for next three years
By Dr. Bruce Whittle

The AAEP’s Welfare and Public Policy Advisory Council 
held a strategic planning session in late February to 
determine the association’s key areas of focus regarding 
equine welfare. In addition to WPPAC members, partici-
pants included the AAEP’s officers and staff as well as a 
representative from the AVMA.  

Prior to the meeting, a subcommittee of the WPPAC 
provided an extensive list of issues that served as the 
starting point for discussion. The council was tasked with 
identifying the equine welfare issues that had the most 
effect on the horse, the public and AAEP-member veteri-
narians but which the AAEP had the ability to effect 
change. Our diverse group brought a wealth of knowledge 
to the table. The variety of opinions also made the task of 
narrowing the topics more difficult due to varying 
personal interests.

Ultimately, the group chose five key areas of focus and 
formed the following subcommittees for each:  

 
subcommittee chair 

 
subcommittee chair 

 
Dr. Reynolds Cowles, subcommittee chair 

 
subcommittee chair

 
Dr. Nicole Eller, subcommittee chair. 

Each subcommittee was charged with setting both short- 
and long-term goals for their work.

The WPPAC will continue to research and advise the 
AAEP board of directors on other matters affecting equine 
welfare, but by devoting most of our efforts to these five 
categories, the council’s goal is to make a measurable 
impact. Several other welfare issues were discussed at the 
planning session that were deemed important to work on 
or develop policy statements for but will not require the 
effort devoted to the five focus areas.

Dr. Whittle of Trenton, Mo., is the chair of the Welfare 
and Public Policy Advisory Council.
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Resources to help veterinarians assist law enforcement 
officers during neglect and abuse cases will be developed.

mailto:bfreer@windstream.net


AAEP News May 2018   VASSOCIATION

The AAEP is accepting nominations until June 1 for its annual awards 
program. Winners will be announced and recognized during the 

Francisco, Calif., Dec. 1–5, 2018.

Nominations are being accepted in the following categories:

AAEP Research Award
Distinguished Educator – Academic Award
Distinguished Educator – Mentor Award

Distinguished Service Award
George Stubbs Award

Visit aaep.org/about-aaep/annual-awards for nomination forms as 
well as additional information about the awards and selection  
process. You may also request a nomination form from Sue Stivers  

Recognize excellence with an AAEP award nomination
Nominations due by June 1  

Amber Slaymaker accepts The Lavin Cup on 
behalf of Ryerss Farm for Aged Equines from 
2017 AAEP President Dr. Reynolds Cowles during 
the 63rd Annual Convention in San Antonio, 
Texas.

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

AAEP’s market research with owners 
and trainers revealed they are 
currently very satisfied with their vet-

of owners said they had fired a veter-
inarian at some point. While satisfac-
tion with equine veterinary care is 

currently high, it may take an owner a few attempts before 
they find a veterinarian they like for the long term.

satisfied versus dissatisfied with their veterinarians reveals 
the key factors that distinguish great veterinarians from 
good ones. The following attributes received very 
favorable rankings from owners who were satisfied with 
their current veterinarian:

horse.” 
 

and treatment options.” 

Owners who were dissatisfied gave very low satisfaction 
rankings in these and other key attribute areas.

Excellent communication skills and empathy for the client 
and the horse can truly set veterinarians apart. To learn 
more about these research findings and access tools and 
resources that can help you strengthen your relationships 
with clients, visit touch.aaep.org. You will log in to the site 
using the same username and password as aaep.org.

http://www.aaep.org/about-aaep/annual-awards
http://touch.aaep.org
http://www.aaep.org
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AAEP Working For You

If you were unable to attend the 
AAEP’s 63rd Annual Convention in 
San Antonio or had a schedule 
conflict that caused you to miss a 
particular session, you can download 
archived recordings of all education-
al sessions except Table Topics at 
aaep.digitellinc.com/aaep. 

Click the “On Demand” button and 
then select “AAEP Annual 

There is a fee to download videos 
and audio; convention attendees 
received complimentary access to all 
recordings until Feb. 20.

Additional information about this 
service is available by contacting the 

support questions should be directed 

Caught on cam: Download convention  
session recordings

Member volunteers are the backbone 
of the AAEP and enable the associa-
tion to fulfill its responsibilities to its 
members, the equine industry and 
the horse. The AAEP sincerely 
thanks the following members who 
volunteered time and expertise for 
AAEP programs or on behalf of the 
AAEP during the first four months 
of 2018:

AAEP Foundation Scholarship 

Reviewers

Dr. Bradley Back
Dr. Zach Badura
Dr. Dionne Benson
Dr. Ed Boldt
Dr. Duane Chappell
Dr. Dennis Clark
Dr. Ryland Edwards
Dr. Babak Faramarzi 

Dr. Ben Franklin

Dr. Semira Mancill

Dr. Shannon Moreaux
Dr. Joanie Palmero
Dr. Sarah Peters 
Dr. Arlena Pipkin
Dr. Mary Scollay
Dr. Dean Taylor
Dr. Wendy Vaala

AAEP On Call

Dr. Jeff Blea – Santa Anita Derby 
from Santa Anita Park
Dr. Al Ruggles – Toyota Blue Grass 

Ask the Vet

Dr. Barrie Grant – Amputations and 
Wobblers

Nutrition
Dr. Judy Marteniuk – Foal Care
Dr. Terri Van Wambeke – Lameness 
Problems

Essential Skills Workshops 

(Dentistry)

Dr. Chris Blevins – Kansas State 
University
Dr. Patrick First – Mississippi State 
University

Dr. Jon Gieche – Michigan State 
University & University of Prince 
Edward Island
Dr. Bruce Whittle – Kansas State 
University & Mississippi State 
University

Essential Skills Workshops 

(Podiatry)

Dr. University of 
Wisconsin
Dr. Bibi Freer – Ross University
Dr.  Tufts 
University
Dr. Shannon Moreaux – University 
of Calgary

American Horse Council Spring 

Trustees Meeting

Dr. Jerry Black

American Quarter Horse 

Association Convention

Dr. Margo Macpherson

Association of Racing 

Commissioners International 

Meeting

Dr. Jeff Blea

AVMA Veterinary Leadership 

Conference

Dr. Stuart Brown

Dr. Margo Macpherson
Dr. Rebecca Stinson

AVMA Veterinary Wellbeing 

Summit

Dr. Aimee Eggleston

Racing Medication and Testing 

Consortium Meeting

Dr. Jeff Blea

USDA/APHIS Equine 

Stakeholder Meeting

Dr. Margo Macpherson

WEVA Congress

Dr. Margo Macpherson

http://aaep.digitellinc.com/aaep
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Make the problem mare a productive mare at AAEP’s September 360° meeting

Mare reproductive and infertility issues can be multifacto-
rial and complex, and your ability to resolve these issues 
efficiently can be the difference between a satisfied client 
and an empty mare. 

At the AAEP’s 360° The Problem Mare, you’ll develop 
advanced problem-solving skills to unravel the mysteries 
by forming a differential diagnosis, establishing a list of 
diagnostic procedures to identify the specific problem, and 
developing a sound therapeutic plan to correct the 
problem.

During morning in-depth lectures and afternoon immersive 
wet labs using live horses, you’ll acquire both primary and 
advanced diagnostic and therapeutic techniques to 
improve success rates, including how to:

biofilm

with a combination of ultrasonography and 
endocrine analysis

of having fertility issues caused by oviductal blockage

lab in your practice to improve in-house diagnostic 
capability

This exceptional learning opportunity is limited to 30  
participants and is being held at Colorado State University, 
whose modern facilities and equipment have made it a 
popular host for previous 360° meetings. Chaired by 

Problem Mare will be taught by board-certified specialists 
from private practice and academia who share a passion 
for teaching other veterinarians:

Opportunities to engage on cases and develop professional 
relationships with instructors and other attendees will be 
offered during lunch and dinner.

360° The Problem Mare will be held Sept. 16–18. Early 
registration is strongly encouraged due to the meeting’s 
limited attendance. Register for the meeting, book your 
hotel room and view the educational program at  
aaep.org/meetings.

360° The Problem Mare is sponsored by:

Acquire the evidence-based knowledge and hands-on 
skills to help you exceed client expectations during the 

in Raleigh, N.C. The reformatted meeting offers a pair of 
educational tracks that incorporate two days of lectures 
and an optional add-on wet labs day at North Carolina 
State University.

Track 1, Integrative Imaging for Lameness Diagnosis and 
Treatment, will help you pinpoint lameness issues in the 
hind limb, cervical and thoracolumbar regions of your 
clients’ horses so that the focus can shift to rehabilitation 
and recovery.

Track 2, Field Skills for Road Warriors, will help you 
manage a profitable mobile practice and efficiently 

diagnose and treat the assortment of medical conditions 
encountered in the field. 

The AAEP member registration rate for lecture days is 

optional wet lab rate is $450, and wet lab attendance is 
capped at 56 participants per session. Register, book your 
hotel and view the educational program for both tracks 
at aaep.org/meetings.

Platinum sponsors for the Summer Focus Conference & 
Labs are:

Immerse in lameness imaging, ambulatory practice at  
reimagined Focus conference
Register by June 15 and save $50!

CONTINUING EDUCATION

UniversalUNIVERSAL 
I M A G I N G

http://www.aaep.org/meetings
http://www.aaep.org/meetings
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Members in the News

Dr. Cliff Honnas honored by Texas Veterinary Medical Association

Texas, received the Texas Veterinary Medical Association’s 2018 Equine 
Practitioner of the Year Award during the TVMA Annual Conference on 
March 3. The award recognizes outstanding professional performance as an 
equine practitioner.

A&M University as a professor of equine orthopedic surgery.

Dr. Jennifer Durenberger elected ROAP officer

Dr. Jennifer Durenberger, chief examining veterinarian for the New York Racing Association, has been elected to a 
three-year term as secretary of the Racing Officials Accreditation Program, which accredits and provides continuing 
education to all horse racing officials, stewards and judges.

Dr. Durenberger, who received her veterinary degree from Cornell University in 2002, is a ROAP-accredited steward and 
serves on the AAEP’s Professional Conduct and Ethics Committee.

MEMBERSHIP

Dr. Cliff Honnas Dr. Jennifer 
Durenberger

Dr. Charles Heinze, founded Indiana Association of Equine Practitioners, dies at 92

During his career, he authored or co-authored more than 50 scientific articles on equine surgery 
and treatment; and he was active in numerous industry organizations, including as section officer 

for the AVMA, founder and general chairman of the Indiana Association of Equine Practitioners, president of the West 
Central Indiana Veterinary Medical Association and executive board member for the Indiana Veterinary Medical 

Alumni Association. 

Dr. Charles Heinze

The AAEP welcomes new members and congratulates recent graduates

New Members:

Pablo Adrados, DVM, Madrid, Spain
Suzanne Bulman, DVM, Miramichi, NB, Canada

Zachary Tyler Dombek, DVM, Gray Summit, MO

Joy Moffett, DVM, Rifle, CO

Ana Paula Telo Rho, DVM, Zapopan, Jalisco, Mexico

Argentina

Recent Graduates:

Alexandra Rae Robinson, DVM, Congupna, VIC, Australia
Melissa Smith, DVM, Oakville, ON, Canada 
Amanda Steneck, BS DVM, Wallingford, CT
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Regardless of whether you’re a practitioner seeking a new  
opportunity or a practice seeking qualified candidates for an  
open position, the AAEP Career Center will help you make a 
career connection.

The Career Center provides a targeted and cost-effective means 
for employers to reach qualified candidates, with rates significant-
ly below the mass market job boards. For just a little more, 
employers can expand the reach of their job post through 
inclusion in the Veterinary Career Network, which will push their 
post out to nearly 60 veterinary-related sites like the AVMA, 
many state VMAs and other VCN participants. 

After posting a job opening, employers can proactively search 
resumes on file in the Career Center using multiple criteria to 
identify potential candidates. They will also receive email notice 
when job seekers apply for the posted position. 

Job seekers, meanwhile, can view all available openings or narrow their search by location, keyword or other criteria; 
sign up for job alerts to receive notice when new positions of interest are posted; upload an anonymous resume 
available for review by employers; and take advantage of resources to aid with their job search such as assistance with 
effective resume and cover letter writing, salary negotiation and more.

Post your job opening or your resume in the AAEP’s Career Center today at jobs.aaep.org. If you have questions  
about the Career Center or need assistance crafting a job post, contact Megan Gray, AAEP’s member concierge, at 
mgray@aaep.org.

Benefit: Use the AAEP Career Center to find the perfect position or candidate 

Renew your membership today  
at aaep.org/dashboard/renew

   “The AAEP has helped  
     me become a more  
knowledgeable practitioner.”

“As a student, the AAEP sponsored wet labs  

that provided invaluable learning opportunities 

and hands-on skills development. At professional 

meetings, especially the convention, the lectures 

and networking opportunities have been a huge 

asset in my professional development.”

Angela Infante, DVM  
Memphis, Tenn.
AAEP member since 2009

http://jobs.aaep.org
mailto:mgray@aaep.org
http://www.aaep.org/dashboard/renew
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Dechra Veterinary Products has emerged as a leader in equine medicine via a specialized range of approved products. In 
®

for control of the clinical signs associated with navicular syndrome in horses. Since then, Dechra has received approval 
in several other countries. 

We have taken a forward-thinking approach in regenerative medicine with our well-known brands, 
Orthokine® vet irap and Osteokine®

Equidone®

In 2016, Dechra helped to fill a void in the industry with the fluid shortage crisis and started marketing their own 
®

meet your every need.

Technical continuing education meetings are one of the primary ways Dechra interacts with veterinarians. Dechra 
has always believed in the concept of education as a platform upon which to build our company, while enhancing 
the veterinarian’s and their staff’s knowledge of the complex diseases that our products address. Dechra’s educational 
offering serves to increase the knowledge of its customers primarily about disease states, case management and client 
communication; and secondarily about Dechra’s product portfolio and how it can help improve the lives of the 
veterinarian’s patients. 

Dechra is committed to continually developing and investing in new products and services that support the work of the 
equine veterinarian and improve the health and welfare of the horse. As our equine team grows we will strive to be a 
leading educator of veterinarians, technicians, students, and horse owners and give back to an industry that has helped 
us reach this level. 

AAEP Educational Partner Profile: Dechra Veterinary Products

Veterinarians or qualified industry 
professionals are needed across 
North America to complete on-
site inspections of TAA accredited  
organizations.

Contact Suzie Oldham at  

(859) 224-2708 or  

soldham@thoroughbredaftercare.org 

for more details.

www.thoroughbredaftercare.org 

 

Your Time Is  
Valuable To Us

http://www.thoroughbredaftercare.org
mailto:soldham@thoroughbredaftercare.org
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A m e r i c a n  A s s o c i a t i o n  o f  E q u i n e  P r a c t i t i o n e r s

Register at  
aaep.org/meetings

Platinum Sponsors:Platinum Sponsors:m

SUMMER F  CUS
Conference & Labs

June 25-27, 2018
Raleigh, North Carolina

Featuring:

Integrative Imaging  
for Lameness  

Diagnosis & Treatment

Field Skills for  
Road Warriors

Gold Sponsor:

http://www.aaep.org/meetings
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Nearly all horse owners employ a 
veterinarian for routine care and 
examinations, but pockets of service 
opportunities exist within specialized 
services according to veterinary care 
statistics contained within the 

If this sounds familiar, it should: 
study findings largely corroborate 
results of AAEP’s own market 
research conducted in 2012 prior to 
the launch of the AAEP Touch 

in both surveys use a veterinarian for 
routine care and examinations, 

-
dents use a non-veterinarian for chi-
ropractic work, dental care, massage 

both surveys regularly use their vet-
erinarian to learn more about horse 

care and the horse industry. Word of 
mouth and horse-related associations 
are indicated as other popular infor-
mation sources. The value and trust 
owners place in veterinarians as an 
information resource can help veteri-
narians establish and retain relation-
ships if utilized properly.

spending on veterinary care for the 

totaled $4.5 billion or approximately 
$620 per horse.

For more information on veterinary 
service opportunities, please visit the 
AAEP Touch website at touch.aaep.
org.

Economic impact study results reaffirm veterinary service opportunities

with a microchip for identification. All racehorses will be required 
to be microchipped by 2021.

Microchips will replace freeze brands and lip tattoos as means of 
Standardbred identification. The microchips, manufactured by 

ligament. USTA ID technicians will be trained to implant the 
microchips for USTA members.

Relatedly, the USTA is projecting a 2018 registered foal crop of 

USTA adopts microchipping for Standardbreds

Dr
. N

at
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Developed to help protect against influenza viruses 
threatening horses today, the Prestige line of flu vaccines 
offers the most encompassing and advanced level of 
protection against equine influenza.

Horses deserve the best protection we can give them.
Contact Merck Animal Health or your veterinarian to 
learn more about the new Prestige line of vaccines. 

www.merck-animal-health-equine.com

The Next Generation of FLU Protection

The Science of Significant
Introducing updated flu strains, only available in the Prestige vaccine line 

 from Merck Animal Health 

NO PURCHASE NECESSARY. Open to U.S. residents, at least 18 years of age.

Enter to win at PerformWithPrestige.com
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FEATHERLITE
®

  
HORSE TRAILER
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Highlights of recent clinically relevant papers

Recurrent laryngeal neuropathy

This study by Fabrice Rossignol and colleagues in France,
Germany, USA and the UK outlines a novel surgical technique
for the treatment of recurrent laryngeal neuropathy (RLN) in
horses.

Horses of various breeds with grade >2/4 RLN at rest
underwent a nerve transplantation procedure which involved
the first or second cervical nerve being tunnelled through the
left cricoarytenoideus dorsalis muscle in an attempt to
reinnervate it. Successful reinnervation was confirmed within
12 months of the surgery by stimulation of the first cervical
nerve under ultrasound guidance in addition to resting and
exercising endoscopy being performed on most horses once
back in work.

Seventeen horses underwent the procedure, all without
complication arising due to the surgical technique. Twelve
horses received post-operative stimulation of the first cervical
nerve, 11 of which showed a positive response (defined as a
clear twitching and submaximal to maximal abduction of the
left arytenoid). Fourteen horses had both pre- and post-
operative exercising endoscopy performed; nine of which
had an improved RLN grade after surgery, four were
unchanged and one had deteriorated. Abnormal respiratory
noise resolved in 14/17 horses.

This novel technique for the treatment of RLN has the
potential to offer a more physiological outcome than
prosthetic laryngoplasty, but currently with similar success
rates.

Insect bite hypersensitivity and airway
hyperreactivity

In this study Simone Lanz and colleagues in Switzerland
investigated whether horses affected with insect bite
hypersensitivity (IBH) showed airway hyperreactivity (AH) to
inhaled histamine, even in the absence of overt clinical signs
of equine asthma (EA).

The clinical histories of 22 healthy controls, 24 horses
suffering from IBH alone, and 23 horses suffering from IBH and
EA were assessed using two standardised questionnaires, the
Horse Owner Assessed Respiratory Signs Index (HOARSI), and
IBH scoring. Horses were classified as EA-affected if their
HOARSI was >1 and as IBH-affected if the IBH score was >0.
Clinical examinations were performed to exclude
confounding disorders. The arterial partial pressure of oxygen
(PaO2) was measured and flowmetric plethysmography used
to assess airway reactivity to increasing doses of inhaled
histamine.

The median histamine provocation concentration (PC)
when Mflow values increased by 35% (PC35) was significantly
higher in the control group (5.94 [1.11–26.33] mg/mL)
compared with the IBH group (2.95 [0.23–10.13] mg/mL) and
the IBH/EA group (2.03 [0.43–10.94] mg/mL). The PC50 and
PC75 showed very similar differences between groups. PaO2

was significantly lower in the IBH group (84 � 8 mmHg) and
IBH/EA group (78 � 11 mmHg) compared with the control
group (89 � 6 mmHg). These findings show that IBH is
associated with AH and decreased PaO2, even in the
absence of overt respiratory clinical signs.

Minocycline in tear film after oral administration

The aim of this study by Caroline Monk and colleagues at the
University of Florida, USA, was firstly to determine whether
minocycline was secreted in the tears of normal horses
following oral administration, and secondly to determine if
the concentration of minocycline directly inhibits matrix
metalloproteinases (MMP) activity.

Five healthy adult ponies were administered oral
minocycline at 4 mg/kg bwt every 12 h for 5 days. Tears were
collected at 2, 26, 50, 56, 74, 80 and 98 h after administration.
Minocycline concentrations in the tears were analysed using
high performance liquid chromatography. The inhibition of
recombinant human MMP-2 and MMP-9 by minocycline was
investigated using fluorescence resonance energy transfer.

Minocycline was present in the tears of all ponies at each
sampling point following oral administration. One of the five
ponies had consistently lower levels of minocycline secretion.
The concentration secreted in the tears did not directly inhibit
MMP-2 or MMP-9 when tested in vitro. The inconsistencies in
the tear concentration and the inhibition activity suggest
topical application may be necessary to attain direct
inhibition of MMP with minocycline.

Infection and risk factors following arthroscopy

In this retrospective study Julie Brunsting and colleagues in
Belgium aimed to determine the incidence and risk factors of
surgical site infection (SSI) and septic arthritis after elective
arthroscopy in horses.

Medical records of 1079 horses that had undergone
elective arthroscopy at a single equine hospital over an 8-
year period were reviewed. Data including age, gender,
breed, surgeon, number of joints operated, total anaesthetic
time, perioperative antimicrobial administration, and the
presence and size of osteochondral fragments/subchondral
lesions were recorded. For each operated joint, the
development of post-operative infection (SSI and/or septic
arthritis) and long-term outcome (>6 months) were recorded.
Association between the independent variables and the
dependent outcomes was tested using multivariate logistic
regression.

Arthroscopy was performed on 1741 joints in 1079 horses.
SSI without septic arthritis occurred in one fetlock joint (0.14%),
one tibiotarsal joint (0.19%) and six femoropatellar joints
(1.67%). Septic arthritis was diagnosed in 13 joints (0.75%),
including one fetlock joint (0.14%), four tibiotarsal joints
(0.74%) and eight femoropatellar joints (2.23%). The
probability of post-operative SSI was higher when large
lesions (>40 mm long) were treated, compared to medium
(20–40 mm, P = 0.005) and small (<20 mm, P<0.001) lesions. SSI
was a significant risk factor for the development of septic
arthritis (P<0.001). Age did not affect the incidence of SSI;
however, increasing age was associated with a lower rate of
septic arthritis (P = 0.028).

Septic arthritis after elective arthroscopy was more likely in
the presence of SSI and younger age. Horses with large
lesions were at risk for SSI, which translated into a higher
incidence of post-operative septic arthritis after
femoropatellar arthroscopy.

© 2018 EVJ Ltd
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Internal fixation of splint bone fractures

The aim of this retrospective case series by Mahmoud
Mageed and colleagues in Germany was to describe the
clinical presentation and evaluate the efficacy of
bioabsorbable polylactic acid screws in internal fixation of
proximal fractures of the second and fourth metacarpal and
metatarsal bones in horses.

The medical records, diagnostic images and outcome of
horses diagnosed with a proximal fracture of the splint bones
and treated with partial resection and internal fixation of the
proximal stump using bioabsorbable polylactic acid screws at
a single equine hospital over a 17-month period were
reviewed.

No complications were encountered during screw
placement or post-operatively in the eight horses that met
the inclusion criteria for this study. Six horses returned to full
work 3 months after the operation and two horses remained
mildly lame. Follow-up radiographs 12 months post-
operatively on two horses showed that the screws were not
completely absorbed. The screws resulted in a cone-shaped
radiolucency, which was progressively replaced from the
outer margins by bone sclerosis.

The authors concluded that the use of bioabsorbable
screws for fixation of proximal fractures of the splint bone
appears to be a safe and feasible technique and may offer
several advantages over the use of traditional metallic
implants.

Antimicrobial resistance of Staphylococcus

The aim of this retrospective study by Ronita Adams and
colleagues in the USA was to investigate the burden and
patterns of antimicrobial resistance (AMR) among equine
Staphylococcus samples.

Data from 1711 equine Staphylococcus samples
submitted to a single veterinary diagnostic laboratory over a
17-year period were included in this study. Antimicrobial
susceptibility testing that included 16 drugs was performed
and the proportions of resistant isolates were calculated.
Significant associations and temporal trends were identified
and predictors of AMR and multidrug resistance (MDR) were
investigated.

Two-thirds (66.3%) of the isolates were resistant to at least
one antimicrobial, the majority of which were
Staphylococcus aureus (77.1%), while 25.0% were MDR. The
highest level of resistance was to penicillins (52.9%). Among
drug classes, isolates had the highest rate of AMR to at least
one type of P-lactams (49.2%), followed by aminoglycosides
(30.2%). Significant associations were observed between odds
of AMR and horse breed, species of organism and year.
Significant associations were also identified between odds of
MDR and breed and age. While some isolates had resistance
to up to 12 antimicrobials, AMR profiles featuring single
antimicrobials such as penicillin were more common than
those with multiple antimicrobials.

Demographic factors were significant predictors of AMR
and MDR. The authors expressed concern that some isolates
had resistance to up to 12 of the 16 antimicrobials assessed.
To address the high levels of AMR and MDR observed in this

study, the authors suggest that future studies will need to
focus on antimicrobial prescription practices and education
of both practitioners and animal owners on judicious use of
antimicrobials to slow down the development of resistance.

Dorsoproximal P1 fragments in UK Thoroughbreds

This retrospective study by Rosalind Walsh and colleagues at
the Newmarket Equine Hospital, UK, reports the location of
dorsoproximal P1 osteochondral fragments in a population of
racing Thoroughbreds that underwent arthroscopic surgery. In
addition, they aimed to assess the accuracy of standard
radiographic projections in identifying these lesions and the
frequency of concurrent soft tissue damage.

The inclusion criteria were met by 282 horses, 85.8%
(n = 242) of which were in training for, or already competing
in flat race training and 5.3% (n = 15) of which were used for
jump racing. A total of 428 fetlock joints had dorsoproximal
P1 fragments, with similar numbers found in the left and right
limbs; 73.8% (n = 316) of fragments were located
dorsomedially and 39.3% (n = 168) of joints had concurrent
soft tissue lesions. The majority of fragments (74.8%, n = 320)
were evident on radiographs.

Dorsoproximal P1 osteochondral fragments were more
often located dorsomedially and in the forelimbs, similar to
previous studies of other breeds and geographical locations.
Accurate fragment location is not always possible with
radiographs alone.

S. WRIGHT
EVE Editorial Office
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Case Report

Carpal arthrodesis using a minimally invasive approach and
locking compression plates: Three cases
O. Brandenberger†‡, F. Rossignol‡*, S. Bartke§, T. van Bergen¶ and A. Vitte†
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Summary
Three horses with carpal instability due to comminuted
second carpal bone fractures (Cases 1 and 3), fracture of the
head of the second metacarpal bone (Case 1) or
comminuted fractures of the fourth carpal bone, ulnar and
intermediate carpal bones (Case 2) were treated by
minimally invasive approach for partial (Cases 1 and 3) or
pancarpal (Case 2) joint arthrodesis, using locking
compression plates. The joint cartilage was removed by
either an arthroscopic approach (middle carpal joint and
antebrachiocarpal joint) or a percutaneous drilling technique
(carpometacarpal joint). Two or 3 locking compression plates
were contoured to the dorsolateral, dorsomedial and
dorsoaxial aspects of the carpal joints using a custom-made
tunnelling tool and a minimally invasive tunnelling technique,
and the screws were positioned through stab incisions. All
cases recovered well, were lame free at the walk, were able
to trot and gallop and could be used for leisure and pasture
activities (partial carpal arthrodesis) and breeding (pancarpal
arthrodesis). Post-operative x-rays showed progressive joint
fusion after 12 months (Case 1), 5 months (Case 2) and
10 months (Case 3). Case 2 with a pancarpal arthrodesis
showed a mechanical lameness at the walk due to the
inability to flex the carpus. Carpal flexion after
carpometacarpal and middle carpal arthrodesis in Case 1
was calculated to be 42.6° and 44° in Case 3.

Introduction

Comminuted or displaced fractures of the carpal bones are
not common in horses and are often associated with major
carpal instability (Auer and Lischer 2012). If accurate
anatomical reconstruction of the fractured bone is
impossible, the only treatment to restore weightbearing and
to prevent deformity, severe osteoarthritis or opposite forelimb
laminitis is joint arthrodesis. Two types of carpal arthrodesis
have been described (Barr 1994; Carpenter et al. 2008; Auer
and Lischer 2012). If one of the 3 carpal joints
(carpometacarpal [CMC], middle carpal [MC] joint or
antebrachial carpal [ABC] joint) or 2 (CMC and MC) are
involved then partial carpal arthrodesis is appropriate. For
partial joint arthrodesis, the CMC joint alone, the MC and
CMC joint together, and the ABC joint alone can be fused.
Range of movement after partial carpal arthrodesis is limited
to the non-used joint (e.g. after ABC joint arthrodesis the
range of flexion depends on the range of flexion of the MC
joint) (Tulloch et al. 2015). However, if both MC and ABC

joints are affected, pan-carpal arthrodesis is recommended
with complete loss of joint movement (McIlwraith et al. 2015;
Tulloch et al. 2015). In high motion joints such as the
metacarpophalangeal or ABC joints, arthrodesis is essentially
a salvage procedure, the aim being to allow comfortable
locomotion at pasture or to save the animal for breeding
purposes. According to Lewis (2001), the long-term prognosis
for salvage was good (81%) but complications included
implant failure and contralateral laminitis. The standard
approach is a slightly curved incision over the dorsal aspect
of the distal radius (in the case of a pancarpal arthrodesis
or partial ABC joint arthrodesis), carpus and proximal
metacarpus (Barr 1994; Carpenter et al. 2008; Auer and
Lischer 2012). Carpenter et al. (2008) described use of one 16-
hole and one 14-hole large fragment locking compression
plates (LCPs) for pancarpal arthrodesis, with a single 40 cm
long vertical skin incision made on the dorsal aspect of the
limb. The main disadvantages of a large incision include the
higher exposure to contamination and the difficulties for
closure of the incision, especially over one or more voluminous
osteosynthesis plates. Minimally invasive plate fixation, keeping
the skin over the plate intact and making small incisions over
the plate holes to allow screw insertion, was described by
James and Richardson in 2006, who employed this minimally
invasive technique in 22 cases of incomplete distal third
metacarpal/metatarsal condylar fractures, and 6 fetlock and
4 pastern arthrodeses (James and Richardson 2006). Here, we
report our experiences with a minimally invasive approach for
partial and pan-carpal arthrodesis, in which either 2 or 3 LCP
were applied in 3 horses.

Case histories

Case 1
A 10-year-old Warmblood gelding was referred to the clinic
with a radiographic diagnosis of an acute, displaced
comminuted fracture of the second carpal bone (C2) and
head of second metcaparpal bone (MCII) of the right front
limb of unknown cause. The horse was referred immediately
after injury with a large Robert Jones full leg bandage and a
caudally-applied splint.

Case 2
A 10-year-old Arabian mare was referred due to the sudden
occurrence of severe left forelimb lameness during an
endurance race. The referring veterinarian diagnosed
multiple fractures of the proximal row of carpal bones based
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on radiographs, applied a Robert Jones full leg bandage with
2 full-length wooden splints on the lateral and caudal aspects
to stabilise the limb, and administered 4.4 mg/kg bwt
phenylbutazone i.v. prior to immediate referral.

Case 3
A 10-month-old French Standardbred colt was found lame on
pasture, was diagnosed with a comminuted fractured C2
based on radiographs, and immediately referred with a
Robert Jones full leg bandage with a palmar splint.

Clinical and radiographic findings

Case 1
The gelding had a severe lameness apparent at the walk
and rested the limb on the tip of the hoof (grade 5/5
American Association of Equine Practitioners [AAEP; Swanson
1984]) with a moderately swollen medial aspect of the
carpus that was painful to flexion. Lateromedial (LM),
dorsopalmar (DP), dorsomedial–palmarolateral oblique
(DMPLO) and dorsolateral-palmaromedial oblique (DLPMO)
radiographic projections showed a displaced sagittal C2
fracture and an oblique, displaced articular fracture of
proximal MCII. The medial fragment of C2 showed marked
medial dislocation, with several small fragments and pinpoint
mineral opacities in/around the fracture gap, and soft tissue
swelling on the medial aspect of the carpus.

Case 2
The mare was nearly nonweightbearing on the left forelimb
due to carpal instability that resulted in a valgus deviation of
the limb at the carpus (grade 5/5 AAEP [Swanson 1984]).
Effusion and oedema of the soft carpal tissues was apparent
and flexion of the carpus caused pain and obvious
crepitation. Radiographs (DP, DLPMO and DMPLO) showed
severe multiple, comminuted and displaced fractures of the
ulnar, intermediate, and fourth carpal bones (C4) with carpus
valgus, caused by collapse of the lateral aspect of MC and
ABC joints. Numerous small fragments were visible on the
lateral aspect of the carpus (Fig 1).

Case 3
The colt was lame at the walk, with an exaggerated head
and neck nod (grade 4/5 AAEP [Swanson 1984]), flexion of
the carpus elicited a pain response, and swelling was
apparent on the lateral aspect. Radiographs (LM, DP, DMPLO
and DLPMO) showed a comminuted markedly displaced
fracture of the medial border of C2, and thickening of the
periarticular soft tissues.

Surgical details

Case 1
After premedication with sodium penicillin (Penicilline G,
Panpharma, Luitr�e, France, 22,000 iu/kg bwt. i.v.), gentamicin
(Forticine, Vetoquinol, Lure, France, 6.6 mg/kg bwt. i.v.) and
phenylbutazone (Phenylarthrite, Vetoquinol, Lure, France,
4.4 mg/kg bwt. i.v.) and sedation with acepromazine
(Calmivet, Vetoquinol, Lure, France, 0.05 mg/kg bwt. i.v.),
detomidine (Detogesic, Zoetis France SAS, Paris, France,
0.04 mg/kg bwt. i.v.) and morphine (Morphine Lavoisier; CDM
Lavoisier, Paris, France, 1 mg/kg bwt. i.v.) the gelding was
induced with ketamine (Ketamidor, Richter Pharma AG, Wels,
Austria, 2.2 mg/kg bwt. i.v.) and diazepam (Valium; Roche
SAS, Boulogne-Billancourt, France, 0.02 mg/kg bwt. i.v.) and
positioned in left lateral recumbency. General anaesthesia
was maintained with isoflurane (Isoflo, Zoetis France SAS, Paris,
France) in oxygen and air in a semiclosed ventilating system,
combined with a detomidine constant rate infusion (0.04 mg/
kg bwt/h). Aseptic preparation of the right front limb from the
coronary band to the elbow, was done in preparation for a
partial carpal arthrodesis of the MC and CMC joints.
Arthroscopy was performed on the MC joint using a lateral
approach and a medially-positioned instrument portal. The
visible articular cartilage was removed with a manual curette
for debridement of the medial aspect of the joint.
Subsequently the position of the arthroscope and the curette
were switched in the portal sites so the cartilage on the
lateral aspect of the joint could be visualised and curetted.
After debridement down to the subchondral bone, a
cancellous bone graft (approximately 4 mL) was aseptically

a) b) c)

Fig 1: Preoperative radiographs of left carpus of Case 2. (a) dorsolateral-palmaromedial oblique projection, (b) dorsopalmar
projection, (c) dorsomedial–palmarolateral oblique projection: severe multiple, comminuted and displaced fracture of the ulnar, the
intermediate, and the fourth carpal bones (arrows).
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collected from the ileal wing and injected into the MC joint
through the lateral and medial arthroscopy portals using 3 mL
syringes with their tips cut off. The portals were then closed in
a routine manner and the fluoroscope positioned in a
lateromedial direction. Debridement of the CMC joint
cartilage was achieved using a drilling technique through
stab incisions. A 4.5 mm drill bit was inserted approximately
2.5 cm laterally, dorsolaterally and dorsomedially and the
drilling was performed with a fanning technique (3 horizontal
directions for each insertion point) under fluoroscopic
guidance. A longitudinal 3-4 cm skin incision was made on
the lateral aspect of the proximal third of the third
metacarpal bone (MCIII), after which a custom-made
tunnelling tool/plate-passer (James and Richardson 2006) was
inserted under the skin (under fluoroscopic guidance) to
create a subcutaneous tunnel in direct apposition to the
periosteum. The tunnelling tool was pushed over the thin
fibrous CMC joint capsule and under the thick joint capsule
of the MC joint by pressing its tip against the distal aspect of
the capsule, incising it through the skin and gliding the tool
under the capsule and under the synovial membrane
(Supplementary Item 1). This was performed to be able to
place the plate close to the bone surface and create
stability as the distance between the plate and the bone
was reduced and therefore allowing to anchor the carpal
bones with angled nonlocking cortical screws. A similar
incision was made on the proximal aspect of the MC joint
capsule to allow the tool to exit. A 7-hole narrow LCP plate
was suitably contoured with radiographic control using a
plate-bending press (Synthes). After verifying the appropriate
placement by fluoroscopy and radiography, stab incisions
were made through the most proximal and most distal holes
of the plate after palpation of the depression of the plate
hole. LCP drill guides were inserted and radiographic and
fluoroscopic images were again obtained before drilling holes
in the MCIII and intermediate carpal bone, and inserting the
locking head screws (LHS) while pressing the plate firmly
against the bone. A 4.5 mm cortical screw was placed in the
intermediate carpal bone using an angle in order to avoid
entering the articulation between the intermediate carpal
bone and the third carpal bone. An LHS was placed in the
third carpal bone, the remaining 3 distal holes were filled with
2 LHS and a 4.5 mm cortical screw inserted using stab
incisions in the McIII. This procedure was repeated on the
medial side using a 7-hole broad LCP plate. The most
proximal hole was filled with a LHS inserted in the radial
carpal bone, the second proximal hole was a LHS inserted
the third carpal bone and the third most proximal hole was
filled with a 4.5 mm cortical screw inserted in the third carpal
bone. Three LHS and one 4.5 mm cortical screw were
anchored in the MCIII (Fig 2). The skin incisions were closed in
a single layer using 1 USP monofilament polyamid (Ethilon).1 A
full limb fibreglass cast was applied and a head and tail rope
system used to assist recovery, which was uneventful.
Anaesthesia time was 5 h and surgical time was 3.25 h.

Case 2
Premedication, sedation, induction and maintenance of
general anaesthesia were similar to Case 1. The mare was
placed in dorsal recumbency, with the limb attached to an
electrical winch. This positioning allowed a good alignment
of the limb in extension and radiographic control of the
position of the limb and the plates was easy to achieve

from all directions. General anaesthesia was maintained as
described for Case 1. The limb was aseptically prepared
and draped for a pancarpal arthrodesis. The MC and ABC
joint were debrided using arthroscpy, the CMC joint was
debrided with the drilling technique as described for Case 1.
An arthroscopic motorised shaver device (Arthrex Shaver
with Oval FlushCut 8 Flute, 5.5 mm, 13 cm, Ref AR 8550FOE)2

was used to facilitate articular cartilage debridement in the
MC and ABC joint. Cancellous bone graft (approximately
6 mL) was collected from the sternum due to the position of
the horse in dorsal recumbency. A technique described by
Richardson et al. (1986) was used; briefly, a 7 cm incision
was performed approximately 20 cm cranial to the xyphoid,
the pectoral muscle was elevated and after removing the
ventral cartilage of the underlying forth and fifth sternebrae,
the cancellous bone was removed using a large curette
and was injected into MC and ABC joint through the
arthroscopy portals similar to Case 1. First, a 12-hole, 5.5 mm
broad LCP plate was placed dorsolaterally by tunnelling
and using radiographic control. The plate was placed under
the MC and ABC joint capsule through stab incisions similar
to Case 1. Five 5.0 mm LHS screws were anchored in the
distal radius, one LHS was anchored in the radial,
intermediate and ulnar carpal bone, one 4.5 mm cortical
screw placed in lag fashion across the plate and the
fractured C4 through stab incisions, and 3 LHS were
anchored in the MCIII. A second, 13-hole, broad 4.5 mm
plate was placed dorso-medially and was stabilised with 4
LHS in the distal radius and 4 LHS anchored in the MCIII
(Figs 3 and 4). Again the plate was placed under the MC
and ABC joint capsule. The skin was closed using a
combination of skin sutures (same as Case 1) and skin
staples. Full limb fibreglass cast application and assisted
recovery was as described for Case 1. Total anaesthesia
time was 5 h and total surgery time 3.5 h.

AD
POSTOP

a) b)

AD
POSTOP

Fig 2: Case 1: Partial arthrodesis of the middle carpal and
carpometacarpal joints with 2 plates (one 7-hole broad locking
compression plate dorsomedially and one 7-hole narrow locking
compression plate dorsolaterally) 24 h post-operative radiographs.
(a) Lateromedial projection, (b) DP projection. carpometacarpal
[CMC], middle carpal [MC] joint or antebrachial carpal.
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Case 3
Premedication, sedation, induction and maintenance of
general anaesthesia were as described for Case 1. The horse
was placed in right lateral recumbency and prepared for
partial arthrodesis of MC and CMC joints. Cartilage
debridement of MC and CMC joints was achieved as in
Case 2. Cancellous bone graft (approximately 4 mL) was
collected from the ileal wing and inserted through the
arthroscopy portals of the MC joint. Three LCP plates were
applied using the same minimally invasive technique under
fluoroscopic and radiographic control. The decision to place

3 plates instead of 2 was made to allow placement of more
screws into both rows of the carpal bones in order to add
stability to the construct (D. Richardson, personal
communication, 2014). The plates were placed in a
dorsolateral (6-hole, narrow 4.5 mm), dorsomedial (7-hole
narrow 4.5 mm) and axial (6-hole broad 4.5 mm) position and
stabilised using a combination of 5.0 LHS and 4.5 mm cortical
screws. The proximal holes of all 3 plates were filled with LHS
that anchored the proximal row of the carpal bones. The
second most proximal holes of the dorsolateral and
dorsomedial plate were filled with a 4.5 mm cortical screw
that was angled proximally in order to anchor the proximal
row of the carpal bones. The third, fourth most proximal and
the most distal holes of the axial plate were filled with 4.5 mm
cortical screw at slight angles in order to avoid contact with
the LHS of the dorsolateral and dorsomedial plates (Fig 5).
Skin closure, full limb fibreglass cast application and assisted
recovery was as described for Case 1. Total anaesthesia time
was 4.5 h and total surgery time 3 h.

Post-surgical management and outcome

Case 1
The gelding was fully weightbearing directly after surgery.
Treatment with sodium penicillin (Penicilline G, 22,000 iu/kg
bwt. i.v.) and gentamicin (Forticine, 6.6 mg/kg bwt. i.v.) was
continued for 5 days. Phenylbutazone (Phenylarthrite, 2.2 mg/
kg bwt. i.v.) was given for 5 days and then dose was
reduced to 1.1 mg/kg bwt. i.v.) for another 10 days. The cast
was removed standing 2 weeks after surgery and the skin
sutures were removed at the same time. A sleeve (tube) cast
from proximal antebrachium to distal metacarpus was
applied for 4.5 weeks to maintain the carpus in an extended
position. A Robert Jones bandage was applied for 2 more
weeks. The horse was turned out on a large paddock
4 months after surgery. Radiographs taken 8 months after
surgery showed thickening of the periarticular tissues

a) b) c)

Fig 4: Case 2: pancarpal arthrodesis with 2 plates (one 12-hole, 5.5 mm broad locking compression plate and one 13-hole, 4.5 mm
broad locking compression plate) 36 h post-operative radiographs. (a) Lateromedial projection, (b) dorsopalmar projection, (c)
dorsomedial–palmarolateral oblique projection.

Fig 3: Plate fixation using the locking compression plate drill
guides through stab incisions.
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(swelling), more pronounced dorsally. The LM projection
showed bony fusion of the MC joint and new periosteal bone
formation around the proximal part of the plates. Recurrent
inflammation of the soft tissues on the dorsal aspect of the
carpus resulted in episodes of lameness and a subclinical
infection without drainage was suspected. It was decided to
remove the plates under general anaesthesia. No signs of pus
or liquid around the plates were found intraoperatively and
the bacterial swab cultures of the plates were negative.
Control radiographs immediately after plate removal showed
ankylosis of the MC joint with periarticular bone (osteophytes)
dorsally and medially and marked narrowing of the CMC
joint space with periarticular bone formation (Fig 6). A full
limb cast was applied for recovery and then replaced with a
Robert Jones bandage that was left in place for 15 days until
removal of the sutures. The horse was kept in the box for
another 15 days and was then hand walked for one month.
Then the horse had hydrotherapic rehabilitation with an oval
water horse walker (System Voncini)3 during a period of
2.5 months. The first week, the horse was trained for 5 min/
day, then the time of training was progressively increased to
20 min/day during the next 3 weeks. Twelve months after the
initial surgical operation, examination by the authors revealed
that the horse was not lame at the walk and showed a 2/5
AAEP lameness at the trot on a straight line. The owner was
advised to use the horse as a leisure horse (ridden trot and
light gallop). Today, 3 years after surgery, the owner reported
that the horse is used as a leisure riding horse and a video of
the horse showed that it was lame free at the walk and at
the trot on a straight line. Carpal flexion is pain free and the
maximal angle between the radius and the MCIII was
calculated from a picture at 42.6° (Tulloch et al. 2015).

Case 2
The mare was fully weightbearing immediately after surgery.
Antimicrobial treatment was continued for 10 days.
Phenylbutazone (Phenylarthrite, 2.2 mg/kg bwt. i.v.) was
given for 8 days. As for Case 1, the cast was removed
2 weeks after surgery and, at the same time, the skin sutures
and staples were removed and a sleeve cast was applied.
The sleeve cast was replaced by a modified Robert Jones full
limb bandage 1.5 months after surgery (4 weeks after its
application) and the mare was discharged from the clinic
9 weeks after surgery. The bandage was kept for another
month and was changed once a week.

A clinical examination 3 months after surgery revealed
grade 2/5 AAEP lameness (Swanson 1984) at the walk and 3/
5 at the trot with an abnormal gait due to the mechanical
stiffness of the carpus. The radiographic evaluation at
5 months revealed ankylosis of the MC and ABC joints and
thinning of the CMC joint, periarticular bone formation
(osteophytes) of all 3 joints (more pronounced laterally) with
mild thickening of the periarticular tissues (Fig 7). Nine months
after surgery, the referring veterinarian reported, that the
painful part of the lameness had disappeared and a 2/5
AAEP lameness at the trot remained due to the mechanical
stiffness; the mare still showed an altered gait but was able to
lie down and get up and could gallop in the paddock.

Case 3
As in Cases 1 and 2, the colt was comfortable in the cast
after surgery and the antimicrobial treatment was continued
for 5 days and anti-inflammatory medication were continued
as in Case 2. Two weeks after surgery, the cast and sutures
were removed standing and a sleeve cast was applied. The
colt was discharged 15 days after surgery, the owner being

a) b)

A

Fig 5: Case 3: partial carpal arthrodesis of the middle carpal and
carpometacarpal joints with 3 plates (lateral 6-hole narrow
locking compression plate [LCP], medial 7-hole narrow LCP and
sagittal 6-hole broad LCP), 24 h post-operative radiographs. (a)
dorsolateral-palmaromedial oblique projection, (b) dorsopalmar
projection.
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Fig 6: Case 1: Partial arthrodesis of the middle carpal and
carpometacarpal joints with 2 plates, 8 months post-operative
radiographs immediately after removal of the plates. (a)
Lateromedial projection, (b) dorsopalmar projection. Bony
ankylosis of the MC, with severe periarticular bone osteophytes,
more pronounced dorsally and medially. Severe thinning of the
carpometacarpal joint space, with marked periarticular bone
osteophytes.
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instructed to keep the colt in the box for 1 month, have the
cast removed after this time and then let the horse on a
small paddock for 1 month. Two and a half months after
surgery, the colt was turned out in pasture. Radiographic
examination 3 months post-operatively showed beginning of
bony ankylosis of the MC and CMC with mild periarticular
bone formation. The DMPLO views showed healing of the
fracture line in the C2 and partial fusion of the bone with the
head of the proximal MCII. Ten months after surgery, a video
of the horse showed that it was sound at walk and trot and
was kept in pasture. Radiographs revealed ankylosis of the
MC joint and marked thinning of the CMC joint. Carpal
flexion was calculated from a picture at 44° (Tulloch et al.
2015).

Discussion

We report a minimally invasive technique for partial and
pancarpal arthrodesis using LCP in 3 horses. In all 3 cases,
complete debridement of the visually apparent cartilage in
the MC (Cases 1, 2 and 3), and the ABC (Case 2), was
achieved with curettes and motorised (shaver) burrs, using a
standard arthroscopy approach. Motorised burrs should be
used with caution, specifically for cartilage removal, to avoid
inadvertent or excessive bone trimming leading to
destabilisation of the bones. James and Richardson (2006)
described arthroscopic debridement of the cartilage, in a
case of metacarpophalangeal/metatarsophalangeal
arthrodesis, as having the advantage of being thorough and
accurate, but the disadvantage of requiring significantly
more time. In our cases, arthroscopic debridement was
completed quickly due to the arthroscopically noncomplex
appearance of the MC and ABC joints. The arthroscope and
the instruments were switched so that all visually apparent

cartilage could be removed. We believe that, with the help
of a motorised shaver tool, arthroscopic debridement for
carpal arthrodesis can be completed within an acceptable
time. An alternative minimally invasive debridement
technique is to drill the cartilage with a 5.5 mm drill bit
inserted through several stab incisions. James and Richardson
(2006) reported using this technique for minimally invasive
metacarpophalangeal/metatarsophalangeal and proximal
interphalangeal joint arthrodesis. This procedure is quick but
there is a possibility of incomplete cartilage removal. We
believe that with the drilling technique there is a definite risk
of incomplete cartilage removal, particularly in the MC and
ABC joint, (due to the different small bones, articular steps
and difficult fluoroscopic assessment). However, we did use
drilling to debride the rigid CMC joint. We used a horizontal
fanning technique through 3 incisions and this resulted in
radiographically visible bony fusion in all 3 cases. Use of the
drilling technique for treatment of CMC osteoarthritis is
established and was evaluated on 12 client horses by Barber
et al. (2009). It has also been used by Carpenter et al. (2008)
for the CMC joint during a pancarpal arthrodesis procedure.

A minimally invasive approach was used to apply the
plates. We made small skin incisions at the distal or proximal
end of the plate and passed a custom-made tunnelling tool
under the skin and under the joint capsule to create a
subcapsular, intrasynovial path for the plate. We then passed
the plate and applied screws through small skin incisions at
the level of the plate holes. The minimally invasive principle of
bone plate fixation was described by James and Richardson
(2006) in a case series of 32 horses with lower limb injuries. A
single plate was applied in all these cases, whereas 2 or 3
plates were minimally invasively applied in our cases. This
added the difficulty of having to place the screws of one
plate without them interfering with the screws of the other
plate(s). In Cases 1 and 3, this step was facilitated by
fluoroscopic image intensification, which also reduced the
need for numerous radiographs. Fluoroscopy was not
available for Case 2 and radiological exposure for the
surgical team was probably higher than if an open approach
had been used. One advantage of the minimally invasive
approach is the ease of skin closure. Skin closure can be
challenging with an open approach, where 2 or even 3
plates are placed, and can require tension-relieving sutures
(Carpenter et al. 2008) or even relief incisions. These were not
necessary in our cases and we were able to close all incisions
with simple skin sutures and/or staples. This easier closure of
the incision might help to reduce surgery time. However, the
time taken to close the incisions was not recorded for any of
the cases and would not be easy to compare with other
reports due to the small number of cases published. The
tension due to the subcutaneous plates was distributed over
the many small incisions and this facilitated healing of the skin
incisions. In all 3 cases, incisional healing was excellent, rapid,
without dehiscence or secondary healing, and the final
outcome was cosmetically appealing.

LCPs were applied in all our cases. These plates were
initially described by Levine and Richardson (2007), in a case
series of fracture repair and distal limb arthrodesis in 31
horses. They suggested the major advantage of such LCPs
was the increased stability. The comfort of the horses after
surgery in our report was good, and no loosened implants or
screws were observed, confirming the stability of the
constructs. Another advantage of LCPs cited by Levine and

a) b)

Fig 7: Case 2: pancarpal arthrodesis with 2 plates, 5 month
post-operative radiographs. (a) Lateromedial projection, (b)
dorsopalmar projection. Bony ankylosis of the middle carpal joint.
Thinning of the antebrachial carpal and carpometacarpal joint
spaces. Periarticular osteophytes of the antebrachial carpal,
middle carpal and carpometacarpal joints, more pronounced
laterally.

© 2016 EVJ Ltd

234 EQUINE VETERINARY EDUCATION / AE / MAY 2018



Richardson (2007) was the reduced need for accurate
anatomical plate contouring. Plate contouring, however, was
considered necessary in our cases as the small carpal bones
were fixed to the plate with 4.5 mm cortical screws in neutral
or lag fashion. We used cortical screws in order to anchor as
much of the small carpal bones as possible so as to increase
stability. The application of cortical screws in a plate in a
noncontact way could lead to screw loosening. Contouring
the plates proved challenging, as the minimally invasive
approach did not allow direct visualisation of the bone
contours. Several radiographs or fluoroscopic image
intensification were required for this step. The number of
radiographic of fluoroscopic images is likely to be smaller in
an open approach, pointing out a disadvantage of the
minimal invasive approach. A third advantage of LCP
mentioned by Levine and Richardson (2007) was that the
threaded drill guides were helpful when drilling and applying
the screws through small incisions. We add that these
threaded drill guides made it possible to determine the
position of the intended screw on radiographs and helped to
hold the plate in place during insertion of the first LHS screw.
We agree with Levine and Richardson’s comment that the
use of self-tapping LHS screws eliminates the time-consuming
step of tapping predrilled holes and would reduce surgery
time. LCP and LHS implants have the disadvantage of being
expensive, and our 3 cases of carpal arthrodesis each
required 2 or 3 plates, leading to higher costs compared to
the dynamic compression plate system.

Reported complications after carpal arthrodesis include
supporting limb lameness, and infections of the incision and
implant (Auer and Lischer 2012). The minimal invasive
approach for carpal arthrodesis might have reduced the risk
for infection in our cases. Minimally invasive plate fixation in
horses reduces the tissue exposed to contamination and
keeps the soft tissue envelope more intact than the
conventional open approach (James and Richardson
2006). In their publication, James and Richardson
compared 10 minimally invasive metacarpophalangeal/
metatarsophalangeal and proximal interphalangeal joint
arthrodeses with 15 treated by conventional open approach.
Only 4 of the 10 minimally invasive arthrodeses became
infected, compared with 12 out of the 15 treated by open
approach. There was no significant difference between these
groups; however, a tendency is visible and the authors
suggested that the minimally invasive arthrodesis technique
may reduce morbidity and mortality of these procedures
(James and Richardson 2006). For both partial and pancarpal
arthrodesis, the incision required with the conventional
approach is very long (up to 40 cm) (Carpenter et al. 2008)
and therefore prone to postoperative infection. We report our
experience of carpal arthrodesis using a minimal invasive
approach in 3 cases and no infection occurred in this small
sample group. However, we suspected a chronic infection in
Case 1 and removed the plates 8 months after surgery. The
bacteriological sample of the surgical site and plates were
negative and an inflammatory irritation or instability might
have been the cause of the intermittent discomfort. The
horse was comfortable after the removal of the plates. We
believe that using the minimal invasive approach for carpal
arthrodesis reduces this risk, because of less tissue being
exposed to contamination, less soft tissue trauma, tissue
handling and tissue dehydration (James and Richardson
2006).

We found that the horses with the partial carpal
arthrodesis (CMC and MC joints) had a nonpainful flexion
with remaining angles of 42.6° and 44°, 3 years (Case 1) and
10 months (Case 3) after surgery, respectively. The remaining
carpal flexion was calculated by Tulloch et al. (2015) in an
ex vivo model to be 43 � 7.6° after MC/CMC arthrodesis. The
authors speculated that this would allow a horse to be used
at a trot or slow canter and the outcome of our cases
supports their statement, as both Cases 1 and 3 could trot
and gallop without signs of lameness and Case 1 was used
as a leisure riding horse. Pancarpal arthrodesis is known to be
a salvage procedure. The mare in our study showed gait
changes due to the stiffness of the limb but was able to trot
and gallop and could fulfil the intended use as a breeding
mare.

The minimally invasive LCP plate fixation technique
seems to be well suited for partial and pancarpal joint
arthrodesis. Disadvantages include the greater radiological
exposure, due to the multiple control radiographs required
to correctly apply the plates and screws. Surgery time is not
necessarily shorter than with the standard open approach
technique. The main advantages of the minimally invasive
approach are easier closure and the lower exposure to
contamination.
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Summary
A 12-year-old Thoroughbred broodmare was presented for
laparoscopic removal of an abnormal ovary. Rectal
examination and ultrasound revealed firm attachment of the
enlarged right ovary to the ventral pelvis and right abdominal
wall, and gas accumulation within the right ovary.
Laparoscopic examination revealed extensive adhesion
formation between the abnormal ovary, ispilateral uterine
horn, ventral pelvis and the right abdominal wall. A flank
laparotomy was then performed to improve visualisation of
the area. Due to contamination of the abdomen during
attempts to detach adhesions, the complexity of the
structures involved and the poor prognosis for further
reproduction, the decision was made to subject the mare to
euthanasia. Post-mortem evaluation revealed a large
encapsulated abscess of the right ovary, with a small, linear
wire foreign body within the centre of the abscess.

Introduction

While horses are more selective feeders than other grazers
such as cattle, metallic foreign bodies are still occasionally
consumed, and can pass through the alimentary tract and
either become encapsulated within the gut lumen or
perforate the intestinal wall, leading to peritonitis, adhesions
or abscess formation (Monteiro et al. 2011). Metallic foreign
bodies are most commonly reported lodged in the upper
alimentary tract or tongue (Bayly and Robertson 1982; Kiper
et al. 1992; Pusterla et al. 2006). In addition, the metallic
objects can be swallowed, and pass through the
gastrointestinal tract (Elce et al. 2003) to extraintestinal sites,
where abscesses are formed (Dehlinger et al. 2006; Saulez
et al. 2009).

This paper describes a case of a metallic foreign body
that potentially migrated through the intestinal tract,
penetrating into the right ovary where it formed a large
encapsulated abscess, with multiple adhesions forming
between the ovary and the body wall, as well as the right
uterine horn.

Case history

A 12-year-old Thoroughbred broodmare was referred to the
Drakenstein Veterinary Clinic for removal of an enlarged right
ovary. The referring veterinarian was suspicious of a granulosa
cell tumour due to the mare being unable to conceive during
this and the previous breeding season and an enlarged ovary
had been palpated on rectal examination. There was no
recorded history of colic symptoms, fever or behavioural
changes.

Case description

On presentation, the mare was bright and alert, and all vital
parameters were within normal limits, with a heart rate of 40
beats/min (reference range [rr] 36–44 beats/min), a
respiratory rate of 14 breaths/min (rr 12–16 breaths/min) and
rectal temperature of 37.3°C (rr 36.5–38°C). Haematology
and serum chemistry showed no abnormalities, with white cell
count, neutrophil count, packed cell volume and fibrinogen
all within normal limits.

Rectal palpation revealed a grossly enlarged right ovary
that was immobile, with only the dorsal border of the ovary
palpable. The ovary appeared to be anchored within the
pelvis, and unusually firmly attached to the cranial ipsilateral
uterine horn. Transrectal ultrasonography showed the large
right ovary with a gas pocket within the stroma; infection was
suspected. A decision to perform laparoscopic evaluation
and removal was made.

Surgical findings

The mare was starved for 2 days prior to laparoscopy being
performed. She was premedicated with 1.1 mg/kg bwt i.v.
flunixin meglumine1, 6.6 mg/kg bwt intravenous gentamicin2

and 22,000 iu/kg bwt i.m. procaine penicillin2. She received a
loading dose of 4 mg detomidine hydrochloride3 (0.006 mg/
kg bwt) and 4 mg butorphanol tartrate4 (0.006 mg/kg bwt),
and was then placed under constant rate infusion sedation
with detomidine hydrochloride3 and butorphanol tartrate4 at
5 lg/kg bwt/h (Van Dijk et al. 2003; Solano et al. 2009).

The right flank of the horse was clipped and aseptically
prepared for surgery and the skin and muscles at the sites for
laparoscopic instrument insertion were infiltrated with 2%
lignocaine hydrochloride5 (10 ml per site).

Laparoscopy was performed using a 57 cm long rigid
laparoscope with a 30° viewing angle, connected to a video
monitor. The laparoscope was introduced into the abdominal
cavity using a 10 mm trocar inserted just dorsal to the crus of
the internal abdominal oblique muscle, approximately 2 cm
caudal to the last rib. The abdomen was insufflated with
carbon dioxide via an insufflator with a flow rate of 6 l/min
(Latimer et al. 2003), and an intra-abdominal pressure cut-off
at 10 mmHg. A 5 mm trocar was introduced approximately
10 cm caudal to the laparoscope port and directed
caudally and ventrally, to act as an instrument port.

The 30° viewing angle enabled a craniomedial
visualisation of the affected right ovary (Gottschalk and Berg
1997). The ovary was located dorsally in the abdomen,
extending caudally into the pelvic canal. Extensive adhesions
were visible, tightly adhering the ovary to the right abdominal
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wall, the ventral pelvis and the ipsilateral uterine horn. The rest
of the visible peritoneum appeared healthy, with no
evidence of fibrin accumulation, or purulent material.
Breakdown of the adhesions between the right ovary and the
body wall was attempted using blunt dissection with
laparoscopic artery forceps and laparoscopic Metzenbaum
scissors (Bleyaert et al. 1997); however, gross contamination
of the abdomen with purulent material occurred due to
rupture of the ovarian capsule, and it was opted to perform
a flank laparotomy for better visualisation. The laparoscopic
instruments were removed. Additional local anaesthesia was
provided by paravertebral thoracolumbar anaesthesia with
2% lignocaine hydrochloride (50 ml) (Moon and Suter 1993).
Laparotomy was performed by vertical skin incision made
midway between the last rib and the ventral aspect of the
tuber coxa, incorporating the caudal instrument portal.
Muscle layers were then bluntly dissected, and the
peritoneum entered bluntly. Laparotomy revealed a large
amount of purulent material contaminating the abdomen
from the right ovary due to rupture of the abscessed ovarian
capsule, as well as extensive adhesion formation between
the ovary and the abdominal wall, pelvis and right uterine
horn.

Discussions with the owner included the fact that the
mare would have to undergo removal of most of the right
uterine horn and, additionally a peritonitis had been created
during the surgery which would require potentially expensive
and prolonged post-operative treatment. The owner’s goal
for this mare was that of a breeding animal and therefore
they made the decision to proceed with humane
euthanasia.

Post-mortem findings/gross pathology

Post-mortem examination revealed the right ovary to be
18 9 10 cm with fibrous adhesions to the right uterine horn
(Fig 1). Bisection of the ovary revealed a thick, fibrous
capsule with necrotic debris and purulent material in the
centre. Within the abscess, a metallic foreign body was
discovered, a thin, linear piece of wire measuring 4 9 3 mm
(Fig 2). No fistulous tracts were evident on serosal surfaces of
the abdominal organs and, while there was purulent

contamination of the peritoneal cavity from the surgery and
manipulation of the ovary, there was no evidence of chronic
peritonitis or inflammation. Multiple fibrous adhesions were
present between the ovary, uterine horn and body wall.

Sections of the ovarian mass were fixed in 4%
formaldehyde and submitted for histopathological
examination. A sample of the purulent material around the
foreign body was submitted for aerobic and anaerobic
bacterial culture and antibiogram.

Histopathology and culture

Histopathology of the submitted tissue showed that there was
almost complete obliteration of normal ovarian tissue. There
was extensive neutrophil infiltration with necropurulent and
haemorrhagic exudate with interstitial lympho-plasma cellular
accumulates present in the deeper smooth muscle and
connective tissue bands (Fig 3).

Fig 1: Post-mortem image of the grossly enlarged right ovary
with extensive adhesions (arrow) between the ovary and the right
uterine horn.

Fig 2: Image of the thick capsuled abscess bisected, revealing
linear metallic foreign body within necrotic debris (arrow).

Fig 3: Histopathology images of the right ovary with ovarian
tissue obliterated. Extensive interstitial lympho-plasma cellular
accumulates with necro-purulent and haemorrhagic exudate
(Image courtesy of Dr Sophette Gers, Western Cape Provincial
Veterinary Laboratory).
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Aerobic and anaerobic bacterial culture done at the
Wemmershoek Diagnostic Laboratory revealed a pure culture
of Streptococcus viridans, an isolate that is commonly
associated with the normal gastrointestinal flora of horses
(McVey et al. 2013).

Discussion

While ingestion of foreign bodies by horses is infrequent (in
comparison to ruminants), when it does occur, it can often
have disastrous implications. Most frequently ingested foreign
materials include such things as pieces of fencing, hay nets,
parts of feed bags, plastic bags or ropes, and also small wires
from the inside of tractor tyres that are used as feed bins
(Pusterla et al. 2006; Farr et al. 2010). These ingested particles
can pass through the alimentary tract and become coated
in a mineral precipitate and eventually cause a small colon
impaction (Rosso et al. 2012) or obstruction (Dobson and
Lopez 1981). Alternatively, the foreign body may migrate
through the gastrointestinal wall at any point, and thereafter
lodge in an extraintestinal site, where an abscess will form
(Pusterla et al. 2007). This can lead to local inflammation,
peritonitis, abscess formation or adhesions. These frequently
cause acute abdominal pain, either due to small colon
obstruction, or from perforation of the intestinal wall
(Schumacher 2000) and subsequent peritonitis or
abscessation with associated signs of chronic colic or weight
loss (Spier et al. 1986).

There are many descriptions in the literature of metallic
foreign bodies that either lodge in the upper alimentary tract
(Baum et al. 1998; Pusterla et al. 2006), or perforate intestinal
walls leading to acute colic, or chronic weight loss and
depression (Saulez et al. 2009; Magri et al. 2010). Reports of
abscesses formed around wires located within the liver and
spleen (Rosso et al. 2012), in the jejunal mesentery (Davies
1983), and adjacent to the diaphragm or in the thorax
(Tremaine et al. 1995; Monteiro et al. 2011) have all been
published. In all published cases, the horses presented for
acute colic signs, or for pyrexia, depression and weight loss
(Rumbaugh et al. 1978; Dobson and Lopez 1981; Saulez et al.
2009; Lohmann et al. 2010).

In this case, it is assumed that the metallic foreign body
migrated through the intestinal wall; however, no evidence of
the migratory tract was obvious at post-mortem examination,
though a small migratory tract could easily have been missed
due to the presence of fibrous adhesions around the
affected ovary. Intestinal source of the wire could be from
the caecum, pelvic flexure, small colon or even jejunal loops.
There was also no evidence of an external wound that would
indicate a transcutaneous migration, but this could not be
ruled out. Migration through the uterus could also have been
a possibility, potentially migrating up the uterine horn during a
previous breeding incident. The foreign body lodged itself
within the stroma of the right ovary, and was subsequently
encapsulated by the body, forming a large abscess. No colic
signs were noticed by the owner at any stage, and the horse
showed no overt signs of systemic illness at the time of
presentation. The mare had failed to get into foal during the
previous breeding season, but the enlarged ovary was only
noticed by the referring clinician on routine palpation
towards the end of the breeding season. The metallic foreign
body had been fully encapsulated, and while adhesions had
formed around the large abscess, there was no other

macroscopic evidence of peritonitis or local inflammation. As
no evidence of a migratory or fistulous tract was located on
post-mortem examination, the source of the metallic foreign
body is unknown.

Transrectal ultrasound findings were consistent with
abscessation, as gas was detected within the ovarian mass.
This is not consistent with a granulosa cell tumour which
usually has a honeycomb appearance with or without cystic
structures. In addition to this, the mare did not show clinical
signs consistent with granulosa cell tumour, namely
behavioural changes such as aggressiveness and stallion-like
behaviour (Hinrichs and Hunt 1990). Hormone level testing
would have been useful in ruling out an ovarian tumour as
increases in testosterone and inhibin levels is diagnostic in
approximately 95% of granulosa cell tumours (McCue et al.
2006), and anti-M€ullerian hormone in approximately 98% of
cases (Ball et al. 2013). It was deemed unnecessary in this
case due to the suspicion of an ovarian abscess.

Transcutaneous abdominal ultrasound and
abdominocentesis cytology as well as ovarian centesis could
potentially have provided a more comprehensive clinical
picture preoperatively, and would have given an indication if
a subclinical peritonitis was present, although it would
probably not have changed the clinical outcome of the
case, as laparoscopic evaluation of the extent and nature of
the adhesions would still have been required. It has also been
reported that the sensitivity of cytological analysis of the
abdominal fluid in predicting the presence of an abdominal
abscess is only about 40% (Zicker et al. 1998; Arnold and
Chaffin 2012).

During the laparoscopic procedure, an attempt was
made to break down the fibrous adhesions between the
ovary and the body wall; however, tearing of the ovarian
capsule with rupture of the abscess and contamination of
the abdominal cavity with purulent material occurred. One
of the risks of adhesiolysis during laparoscopic procedures is
rupture of the viscus rather than the adhesion, and
unfortunately that is what occurred in this case (Bleyaert
et al. 1997). Early or fibrinous adhesions are easier to break
down, with fewer complications reported; however, mature,
fibrous adhesions are tough, and breakdown of these
adhesions often leads to tearing of the viscus (Bour�e et al.
2002). An alternative method of adhesiolysis such as use of a
laser may have prevented this from occurring, but was
unfortunately not available (Maier et al. 1992).

The decision to subject the mare to euthanasia was
made with several considerations in mind; the purulent
contamination of the abdomen and resulting septic peritonitis
that would have resulted from this could have been treated
with broad-spectrum antimicrobials and large volume
peritoneal lavage, but financial implications would have
been high. In addition to this, the nature and extent of the
adhesions present would have necessitated the removal of
most of the right horn of the uterus. While there are
descriptions of successful partial ovariohysterectomy in horses
(Berezowski 2002) and (Santschi et al. 1995) it is unknown to
what extent the uterine horn can be removed and still result
in pregnancy. There are reports of successful pregnancies
after removal of 50% of one horn (Berezowski 2002), but in this
case, more than 80% of the right horn would have had to be
removed, and adhesions broken down from the uterine body.
It was considered unlikely that such a procedure would result
in a fertile reproductive tract. Had the mare been a riding
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horse rather than a broodmare, a partial or complete
ovariohysterectomy via flank laparotomy could potentially
have been performed.

To the authors’ knowledge, this is the first described case
of a metallic foreign body lodging in the reproductive tract
of a horse, leading to abscessation of the ovary.
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Pituitary pars intermedia dysfunction, or PPID, also called 
“equine Cushing’s disease,” can sometimes be difficult to 
diagnose. To help veterinarians identify and test for this 
disease, the Equine Endocrinology Group (EEG) updated 
its recommendations to include updated reference 
ranges for ACTH while also adding additional early and 
advanced signs of the disease. 

There are two types of procedures available for PPID 
testing. TRH stimulation procedure (measuring ACTH at 
T0 and T10) is used for horses with early signs of PPID 
or suspected horses with a normal resting ACTH. Resting 
ACTH is recommended for the suspected PPID horse 
with moderate or advanced clinical signs. If resting ACTH 
is normal or equivocal in horses with advanced signs, the 
follow-up procedure is the TRH stimulation.

Seasonal variations in ACTH have been previously 
documented in the horse. Testing in the fall months has 
been shown to increase the sensitivity of resting ACTH in 
horses with signs of early PPID. TRH stimulation testing in 
the fall is not recommended as sufficient data to establish 
accurate cutoff values is being further evaluated. It’s 
important for veterinarians to use seasonally adjusted 
resting ACTH reference ranges specific for the time of 
year they’re testing for PPID. 

“If a horse is borderline for PPID after a resting ACTH 
test, veterinarians can then utilize the TRH stimulation 
procedure, giving a more precise diagnosis,” says Steve 
Grubbs, DVM, PhD, DACVIM, equine technical manager 
for Boehringer Ingelheim. “Information from the history, 
clinical signs and testing results should all be utilized when 
making the diagnosis of PPID. Each aspect is extremely 
important for the proper diagnosis.”

The new EEG guidelines also updated the clinical 
presentation of the early and advanced signs of PPID. 
Additions to early signs include abnormal sweating 
(increased or decreased), infertility, desmitis and 
tendonitis. Additions to the advanced signs include 
dull attitude/altered mentation, exercise intolerance, 
excessive mammary gland secretions and suspensory 
ligament laxity. 

For horses showing signs of PPID, Boehringer Ingelheim 
offers complimentary testing for up to three horses per 
veterinarian. This testing is part of a study to identify 
epidemiological information for horses with PPID at initial 
diagnosis. This offer continues through June 13, 2018. For 
more information about complimentary testing and 
the complete 2017 EEG diagnostic guidelines for PPID, 
please visit www.test4PPID.com.

™Unbridle Your Potential is a trademark of Boehringer Ingelheim 

Vetmedica, Inc. ©2018 Boehringer Ingelheim Vetmedica, Inc. All 

rights reserved. EQU-0598-PRAS0518
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Case Report

Caecal intussusception in the horse: Ultrasonographic findings and
survival to hospital discharge of 60 cases (2009–2013)
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Summary
Diagnosis of caecal intussusception can be challenging.
Transabdominal ultrasound is often used as a diagnostic tool
in equine colic. Differentiation between caecocaecal and
caecocolic intussusception might be useful in the decision
process before surgery. The aims of this study were: 1) to
assess the usefulness of ultrasound for diagnosis of
intussusception and differentiation between caecocaecal
and caecocolic intussusception; and 2) to determine survival
to hospital discharge after surgery. Therefore, a retrospective
case series (2009–2013) was performed of all colic cases with
caecal intussusception (n = 60) confirmed at surgery or
necropsy. In all horses, the intussusception could be
visualised using ultrasound at admission. Caecocolic
intussusception (n = 46) was much more common than
caecocaecal (n = 14) intussusception and correct
ultrasonographic differentiation between both types could be
made in 92% of the cases. Ten horses (out of 14) diagnosed
with caecocaecal intussusception underwent surgery, of
which 8/10 (80%) were discharged, one horse (10%) was
subjected to euthanasia during and one (10%) after surgery.
Of the 28 (out of 46) operated horses with caecocolic
intussusception, 17 (61%) survived to discharge, while 7 (25%)
and 4 (14%) were subjected to euthanasia during and after
surgery, respectively. Of all horses that underwent surgery, in
13/38 (34%) surgical reduction was possible, while 13/38
(34%) needed partial typhlectomy and 4/38 (11%) needed
colostomy because of an irreducible intussusception. Survival
to discharge after successful surgery was 12/13 (92%) when
only reduction was performed, 11/13 (85%) if partial
typhlectomy was needed and 2/4 (50%) after colostomy and
partial typhlectomy. In conclusion, abdominal ultrasound is a
useful tool in the diagnosis and differentiation of caecal
intussusception. Survival to hospital discharge after successful
surgery is good.

Introduction

Caecal intussusceptions most commonly occur in yearlings
and young adults and accounts for approximately 2% or less of
all colic cases in the horse (Huskamp 1982; Gaughan and
Hackett 1990; Dart et al. 1997; Johnson et al. 1999; Martin et al.
1999). Intussusception is defined as the invagination of one
portion of bowel into an adjacent bowel segment. In the case
of caecocaecal intussusception, the caecal apex inverts into
the caecal body. If this situation progresses and the caecal
apex and body invert through the caecocolic orifice into the

right ventral colon, the condition is called a caecocolic
intussusception. Intussusceptions are believed to result from
local motility disorders, inflammation of a part of abnormal
bowel wall, possibly caused by dietary changes, colitis or
typhlitis, administration of parasympathomimetic drugs or
unknown reasons (Bell and Textor 2010). Also, the presence of
Anoplocephala perfoliata and cyathostominosis has been
related to the occurrence of caecal intussusception
(Proudman and Edwards 1993; Proudman and Trees 1999; Mair
et al. 2000; Gasser et al. 2005). Clinical signs are nonspecific
and vary according to the degree of luminal obstruction. They
commonly include acute or chronic colic signs, ranging from
mild to severe, chronic weight-loss, diarrhoea and fever (Dart
et al. 1997). Diagnosing caecal intussusception can be
challenging. An oedematous mass in the right caudal aspect
of the abdomen can sometimes be palpated on rectal
examination, but rectal examination can be difficult to
perform in young horses or small ponies (Scheidemann and
Huskamp 2011). Cytological evaluation of peritoneal fluid
collected by abdominocentesis may be normal or abnormal
(Martin et al. 1999). Abdominal ultrasonography has been
suggested to be useful for the detection of caecal
intussusception. A target or bull’s-eye sign in the upper right
abdominal quadrant has been described (Reef 1998; Bell and
Textor 2010). At exploratory laparotomy, caecocaecal
intussusception may require straightforward reduction of the
intussuscepted portion of caecum. If there is too much
vascular compromise to the caecal apex, partial typhlectomy
can be performed following ligation of the medial and lateral
caecal vessels (Martin et al. 1999). Surgical management of
irreducible caecocolic intussusception is more difficult and the
optimal surgical technique is an area of debate. The key
surgical principle is to remove necrotic tissue whilst minimising
contamination. Huskamp reported a technique that leaves the
intussuscepted part in place to undergo necrosis in the colon
(Huskamp 1988). Although this technique avoids abdominal
contamination colic signs remain as long as the intussuscepted
part is in place. Ileocolostomy leaving the intussuscepted
caecum in place can be successful (Tyler 1992) but should be
used as a last resort as the necrotic tissue can lead to
peritonitis or death (Gaughan and Hackett 1990; Martin et al.
1999). Alternatively, the invaginated caecum can be assessed
through a colostomy (Martin et al. 1999; Hubert et al. 2000).
Reduction through this approach is seldom achieved but
invaginated caecum can be pulled into the right ventral colon
and amputated after suturing proximal to the site of
amputation, ligating the caecum with umbilical tape (Hubert
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et al. 2000) or using a stapling device (Gaughan and Hackett
1990). To facilitate caecal ligation the use of a natural rubber
ligature with a self-retaining knot has been reported (Wiemer
and Van der Veen 1999). Despite inherent contamination,
good results have been achieved (Wiemer and Van der Veen
1999; Hubert et al. 2000; Gunnarsdottir et al. 2011). Partial
intraluminal typhlectomy has been developed as alternative
necessitating a right flank approach and resection of the last rib
with the horse in left lateral recumbency (Huskamp et al. 2013).
Since caecocaecal intussusception appears to have a slightly
better prognosis for long-term survival (65–75%) than
caecocolic intussusception (44–49%) (Martin et al. 1999; Bell
and Textor 2010), and due to the different surgical techniques
described, accurate differentiation between the two types of
intussusception could be helpful.

In compiling this retrospective case series, we
hypothesised that: 1) caecal intussusception is visible on
abdominal ultrasound in the vast majority of cases; 2)
ultrasonographic differentiation between caecocaecal and
caecocolic intussusception is often possible; and 3) survival to
hospital discharge following surgical management of caecal
intussusception is good.

Materials and methods

Data collection
The medical records of all horses presented to the Faculty of
Veterinary Medicine, Ghent University, Belgium, for the period
2009–2013 were reviewed retrospectively to identify horses
suffering from intussusception involving the caecum. Horses
were only included in the study if a diagnosis of caecocaecal
or caecocolic intussusception was made at surgery or
necropsy. Data concerning age, breed, sex, clinical signs,
ultrasonographic findings, definitive diagnosis (caecocaecal or
caecocolic intussusception) based on surgical or post-mortem
findings, treatment and short-term survival (defined as survival
to hospital discharge) were collected.

Ultrasound
An Esaote MyLab 30 with a 3.5 MHz phased-array probe1 or a
GE Vivid 7 Dimension with 2.5 MHz phased-array transducer2

were used to perform transabdominal ultrasound of the left,
right and ventral abdomen at admittance of each colic
horse presented to the clinic. All horses were examined after
applying 70% ethanol to improve contact between the
probe and the skin. None of the horses had to be clipped to
acquire satisfactory images. In all colic horses, the same
transabdominal ultrasound protocol was followed. The whole
left, right and ventral abdomen was scanned, starting
caudally and progressing towards the thorax. Examinations
were performed by five different clinicians and all images
were reviewed by the same experienced observer, who was
not blinded for the age, breed, sex and clinical parameters
of the horses.

Results

Study population
In total, 3269 colic cases were admitted and received a full
abdominal ultrasound during the 5-year study period, of
which 60 (1.8%) were confirmed caecal intussusceptions.
Twenty-six mares, 20 stallions and 14 geldings were included
and breed distribution reflected the hospital population: 33

Warmblood horses, 6 Warmblood ponies, 5 Friesians, 2
draught horses, 2 Standardbreds, 2 Miniature horses, 2 Welsh
ponies, 2 Oldenburgers, one Paint, one Fjord, one Shetland
pony, one Thoroughbred and one Haflinger. The median age
of the affected animals was 2 years and age ranged from
4 months to 23 years. However, in the age category of horses
under 2 years, caecal intussusception represented almost
10% of the colic cases (27/282). Thirteen horses were
presented with caecal intussusception in winter (21%), 11 in
spring (18%), 12 in summer (20%) and 24 in autumn (40%).
Almost 50% (29/60) of the cases occurred in the months
November (11/60), December (9/60) and January (9/60).

Abdominal ultrasonography
All horses with confirmed caecal intussusception (caecocaecal
or caecocolic) had ultrasonographic abnormalities consistent
with this diagnosis on examination.

Caecocaecal intussusceptions resulted in an oedematous
structure, consisting of the congested intussuscepted caecal
wall, surrounded by the thickened outer caecal wall, found in
the right dorsal two-thirds of the abdomen (Fig 1). Clear
differentiation between the intussusceptum and the
intussuscipiens was not always possible. Often liquid
(diarrhoea) content was visible in the more dorsal part of the
caecum, which resulted in visualisation of oedematous
mucosal folds of the caecal wall floating in this fluid (Fig 2).
Differentiation from typhlitis was sometimes challenging.

Caecocolic intussusceptions resulted in an abnormal
structure in the right cranioventral third of the abdomen. At this
location, a typical concentric ring structure (target-like) was
found on a transverse section (Fig 3). Often the outer
intussuscipiens, with a normal, sometimes difficult to visualise
wall, was separated from the thick-walled, oedematous inner
intussusceptum by a small interposed layer of hypoechoic or
echogenic intestinal fluid. Sometimes one or both caecal
taeniae could be visualised as an echogenic structure in the
centre of the intussusception together with some hypoechoic
abdominal fluid (Fig 3). On longitudinal section, the caecal
apex was occasionally visible in the colon, surrounded
by intestinal fluid (Fig 4). In four cases, the ring structure was

Fig 1: Transverse section through a caecocaecal intussusception
presents as a disorganised oedematous structure (arrowheads)
consisting of congested caecal wall. Differentiation between
intussusceptum and intussuscipiens is often difficult. Total
penetration depth is 25 cm.
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visible in the cranioventral abdomen, to the left of the midline.
If the intussusception was examined more caudally, no
abnormalities or only an oedematous caecal wall were found.

Fourteen horses (24%) were diagnosed with caecocaecal
intussusception and 46 (76%) with caecocolic intussusception.
All intussusceptions were diagnosed based upon clinical signs
and ultrasonographic findings before surgery or necropsy. In
55 cases (92%) a correct differentiation between
caecocaecal and caecocolic intussusception could be
made by means of transabdominal ultrasound. One case
(2%) with ultrasonographic diagnosis of a caecocolic
intussusception, because of a concentric ring structure in the
ventral third of the abdomen just below the 13th intercostal
space, had a caecocaecal intussusception at surgery. In four
other cases (7%), no ultrasonographic differentiation could be
made. Furthermore, in the 5-year study period, two horses
with an ultrasonographic suspicion of caecocaecal
intussusception before surgery, were diagnosed with typhlitis

during surgery. These horses were not included in the study.
No horses were diagnosed with colocolic intussusception.

Clinical signs, surgical treatment and short-term
outcome
The most important clinical signs were colic with acute onset
(<1 day; 58%, 35/60), mild colic for 2 to 7 days (23%, 14/60),
intermittent colic for >7 days (8%, 5/60), diarrhoea (15%; 9/60),
anorexia (10%, 6/60), fever (8%, 5/60) and weight loss (7%, 4/
60). Blood values were variable depending on the severity
and duration of colic (Table 1). Abdominal paracentesis was
conducted in only three horses: the fluid was normal (protein
<15 g/L, total nucleated cell count <5.0 x 109 cells/L, lactate
<2 mmol/L) in two horses and abnormal in one horse (protein
32 g/L, total nucleated cell count 30 9 109 cells/L, lactate
7.1 mmol/L).

Of 14 horses diagnosed with caecocaecal intussusception,
4 (29%) were subjected to euthanasia due to financial
constraints of the owners and 10 (71%) underwent midline
laparotomy (Table 2). In 4/10 (40%), a simple reduction of the
intussuscepted caecal apex was possible, 5/10 (50%) needed
partial typhlectomy and one horse was subjected to
euthanasia during surgery due to an unreducible
intussusception and financial constraints of the owner. Four
days after surgery, one (10%) horse, which had undergone a
simple reduction of the caecum, died due to severe
typhlocolitis. Eight out of 10 (80%) of the horses subjected to
surgery and 8/9 (88%) of the horses successfully operated for
caecocaecal intussusception survived to discharge.

Of 46 horses diagnosed with caecocolic intussusception,
18 (39%) were subjected to euthanasia due to severe
peritonitis or financial constraints of the owners and 28 horses
(61%) underwent exploratory midline laparotomy (Table 2).
Seven out of 28 (25%) were subjected to euthanasia during
surgery due to extensive tissue necrosis or severe
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Fig 2: Longitudinal section through the dorsal part of a
caecocaecal intussusception. The caecal wall (arrowheads)
shows oedema. Due to the intraluminal caecal fluid (+) caecal
mucosal folds (arrows) are visible. The image was taken halfway
down the right cranial flank. Right on screen is cranioventral and
total penetration depth is 21 cm.
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Fig 3: Transverse section through a caecocolic intussusception
with congested wall of the intussusceptum (arrowheads)
surrounded by hypoechoic intestinal fluid (+). In the centre of the
intussusceptum, the echogenic taeniae of the caecum (arrows)
and hypoechoic peritoneal fluid (*) are visible. The image was
taken in the right cranioventral abdomen and total penetration is
27 cm.
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Fig 4: Longitudinal section through a caecocolic intussusception.
The caecal apex (pointing towards the right of the image) and
caecal body show marked wall oedema (arrowheads) and are
found inside the colon, surrounded by intraluminal fluid (+). In the
centre of the intussusceptum, an echogenic caecal taenia
(arrow) and hypoechoic peritoneal fluid (*) are visible. The image
was taken in the right cranioventral abdomen and total
penetration is 27 cm.
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contamination of the abdomen. In 9/28 (32%) only surgical
reduction was performed, while 8/28 (28%) needed partial
typhlectomy. One of these horses also needed a side-to-side
ileocaecal bypass because of severe oedema at the
ileocaecal valve. Four (14%) horses had an unreducible
intussusception and underwent partial typhlectomy via
colostomy with a natural rubber ligature (Wiemer and Van
der Veen 1999). Four of the operated horses (14%) horses did
not survive because they died during anaesthetic recovery
after colostomy (n = 2) or were subjected to euthanasia after
surgery due to peritonitis (n = 1) or hyperlipaemia (n = 1),
both after a partial typhlectomy. Seventeen out of 28 (61%)
horses subjected to surgery survived to discharge. Seventeen
out of 19 (89%) horses successfully operated for caecocolic
intussusception survived to discharge.

Of all horses subjected to surgery, in 13/38 (34%) reduction
was possible, while 13/38 (34%) needed partial typhlectomy,
4/38 (10%) needed colostomy and 8/38 (21%) were subjected
to euthanasia during surgery. Survival to discharge after
successful surgery was 92% (12/13) if simple reduction was
performed, 84% (11/13) if partial typhlectomy was needed
and 50% (2/4) after colostomy. Horses that did not undergo
surgery due to financial restrictions, were either subjected to
euthanasia (n = 16) or conservative treatment was
attempted, without success (n = 6). In those 22 horses,
definite diagnosis was made on necropsy.

Discussion

In this retrospective study 60 horses suffering from caecal
intussusception were included. Caecocolic intussusception

(n = 46) was more common than caecocaecal
intussusception (n = 14). In all horses, caecal intussusception
was visible on abdominal ultrasound and in 92% (55/60) of
the cases ultrasonography allowed us to correctly
differentiate between caecocolic and caecocaecal
intussusceptions. During this study however, two horses with a
presumptive ultrasonographic diagnosis of caecocaecal
intussusception were diagnosed with severe typhlitis at
surgery or necropsy. Both caecocaecal and caecocolic
intussusceptions have been described in the veterinary
literature but large studies on ultrasonographic differentiation
between the two are currently lacking (Gaughan and
Hackett 1990; Martin et al. 1999; Boussauw et al. 2001; Bell
and Textor 2010).

In this study, the prevalence of caecal intussusception
was low (1.8%) but was similar to those reported elsewhere
(Huskamp 1982; Gaughan and Hackett 1990; Boussauw et al.
2001). Horses suffering from caecal intussusception were
usually young, the median age being 2 years. In the age
category under 2 years, caecal intussusception accounted
for more than 10% of the colic cases, making it an important
differential diagnosis for colic in young horses. However, as is
described in literature, all age categories can be affected
(Martin et al. 1999).

Diagnosis of caecal intussusception can be challenging,
since rectal palpation is not always conclusive. Furthermore,
since the condition occurs most frequently in young horses,
often yearlings, rectal palpation can be difficult, making
ultrasonography a valuable diagnostic tool. Usually, caecal
intussusceptions are ultrasonographically characterised by
multiple concentric rings of varying thickness and
echogenicity, a so-called target lesion, in the right abdomen
(Scharner et al. 2002; Reef et al. 2004; Scheidemann and
Huskamp 2011). The oedematous intussusceptum has
hyperechoic margins surrounded by a layer of intestinal fluid
(Reef 1998; Taintor et al. 2004). Often there is also evidence
of peritoneal effusion (Scharner et al. 2002). In our case study,
all intussusceptions could be visualised and in >90% of the
cases correct differentiation before surgery could be made
with transabdominal ultrasound. Caecocolic intussusceptions
were often seen as a target-like sign, with characteristics as
described above, most often located in the right
cranioventral third of the abdomen, whereas caecocaecal
intussusceptions more commonly appeared as an
oedematous disorganised tissue mass in the right dorsal
two-thirds of the abdomen. While the caecocolic
intussusception consists of the congested intussusceptum
surrounded by the often normal colon wall, the caecocaecal
intussusception usually consists of two layers of oedematous
bowel wall, the intussuscipiens and the intussusceptum,
resulting in an oedematous structure without a typical
concentric circle appearance. Occasionally, this image

TABLE 1: Blood values (mean, s.d., range and median) of 60 horses with caecal intussusception

PCV BE Sodium (mmol/L) Potassium (mmol/L) Calcium (mmol/L) Total protein (g/L)

Mean 39 1.51 130 3.46 1.3 48
s.d. 7.83 4.33 5.46 0.49 0.3 8.4
Range 24–60 �11 to 8.7 116–143 2.7–5.5 0.93–2.79 38–54
Median 38 2.75 132 3.45 1.26 51.5
Reference 35–45% �5–5 132–141 2.7–4.9 1.4–1.6 46–69

PCV, packed cell volume; BE, base excess.

TABLE 2: Overview of outcome and surgical technique used in 60
horses with caecal intussusception

Treatment
Survived to
discharge Euthanasia

Caecocaecal intussusception (n = 14)
Euthanasia 4 / /
Surgery 10 8 2
Simple reduction 4 3 1
Partial typhlectomy 5 5 0
Euthanasia during
surgery

1 / 1

Caecocolic intussusception (n = 46)
Euthanasia 18 / /
Surgery 28 17 11
Simple reduction 9 9 0
Partial typhlectomy 8 6 2
Colostomy + partial
typhlectomy

4 2 2

Euthanasia during
surgery

7 / 7
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might be difficult to differentiate from severe typhlitis and a
diagnosis based on ultrasonographic findings alone can be
difficult. History, clinical signs and rectal findings are important
information in these cases. Differentiation between
caecocaecal intussusception and typhlitis can sometimes be
made by localising the intraluminal fluid line. In typhlitis, the
fluid is present on the inside of the oedematous bowel wall
and usually the oedematous wall and intestinal fluid can also
be visualised towards the more cranioventrally located
caecal apex. In the case of a caecocaecal intussusception,
intestinal fluid is more difficult to visualise in the intussuscepted
area but the fluid is predominantly found towards the caecal
base. On rare occasions, caecocaecal intussusception may
present as a concentric ring structure, as was the case in
one horse in our study. In this case, the ring structure was
found more cranioventrally, making the differentiation with
caecocolic intussusception difficult. Despite colocolic
intussusceptions being described in the equine literature, no
horses with this lesion were presented to the hospital during
this time period. This diagnosis can be missed since colocolic
intussusceptions might not be visible on ultrasonography
(Albanese et al. 2011; le Jeune and Whitcomb 2014).

All colic horses included in this study underwent a full
abdominal ultrasound examination. This seems of major
importance in order to be able to visualise caecal
intussusceptions ultrasonographically, since they are often
found in regions that tend to be less frequently evaluated in
colic patients if a limited ultrasound examination or the FLASH
(focused localised abdominal sonography in horses)
technique is used (Busoni et al. 2011; le Jeune and Whitcomb
2014).

Short-term survival for horses subjected to surgery with
caecocaecal intussusception was better (80%) than for
caecocolic (61%) intussusception. However, survival data for
caecocaecal intussusception were only available from 10
horses. Overall short-term survival after successful surgery was
good (83%). Survival is slightly better if only reduction (92%)
was needed compared to partial typhlectomy (84%) and
markedly better than after colostomy with partial
typhlectomy (50%). Colostomy was however performed in
only 4 out of 38 surgical cases (11%) and two of them died
during anaesthetic recovery. In the literature, the survival for
horses with caecal intussusception is reported to be good to
fair with caecocaecal intussusception often leading to slightly
better outcome compared to caecocolic intussusception
(Edwards 1986; Martin et al. 1999; Bell and Textor 2010). This is
in accordance with the results of our study and can possibly
be attributed to the fact that, in caecocolic intussusception,
a larger piece of bowel is affected, making surgery more
difficult. Furthermore, a caecal intussusception commences
with the caecal apex invaginating into the caecal body and
may progress into a caecocolic intussusception over time,
suggesting that caecocolic intussusceptions may have been
present longer than caecocaecal intussusceptions. Certain
described surgical techniques (ileocolostomy, partial
intraluminal typhlectomy etc.) were not performed and may
have influenced the short-term survival in our cases. In light of
the different surgical techniques described, a correct
differentiation between caecal intussusceptions based on
ultrasound might be helpful in the decision process before
surgery.

This study has several limitations. Due to the retrospective
nature, interpretation of the ultrasonographic images was

performed while the observer was not blinded to the clinical
status of the horse. A fully blinded, prospective study would
provide more information regarding ultrasonographic findings
on its own, but the current approach more closely resembles
the clinical situation. Another limitation is that survival after
surgery can be biased by case selection prior to surgery.
However, decisions for euthanasia or conservative treatment
were largely based on financial restraints rather than on
prognosis.

Conclusion

Caecal intussusception is a rare but important cause of colic
in the horse, especially in young horses. Transabdominal
ultrasound is a powerful aid for the diagnosis of caecal
intussusception and to differentiate between caecocaecal
and caecocolic intussusception. Caecal intussusception has
a good short-term survival after surgical correction.
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Summary
The intestinal trematode Gastrodiscus aegyptiacus
(G. aegyptiacus) has been recognised in equids around the
world for many years, but its pathogenicity is yet to be confirmed.
This report describes seven cases of severe G. aegyptiacus
infestation, including six cases of caecal intussusception.

Introduction

Gastrodiscus aegyptiacus (G. aegyptiacus) is an amphistome
fluke capable of parasitising the intestine of horses, donkeys,
zebras, pigs and warthogs (Bracegirdle 1973; Azzie 1975;
Applewhaite and Ruiz 1983; Boomker et al. 1991; Wells et al.
1998; Ayele et al. 2006; Malik et al. 2006; Opara et al. 2006;
Ohaeri and Okoro 2012; Van Laaren 2014). This parasite has
been reported in a number of countries in Africa, Asia and
South America (Bracegirdle 1973; Azzie 1975; Applewhaite
and Ruiz 1983; Malik et al. 2006). Its life cycle is incompletely
described, but is known to involve a number of stages
including ova, miracidia, rediae, cercariae, metacercariae
and adult forms (Malek 1971). Equids become infested via
ingestion of metacercariae, often encysted on blades of
grass (Malek 1971). Planorbid snails of the Bulinus genus
primarily act as intermediate hosts, although outbreaks have
occurred in areas where this host is not endemic (Malek
1971). A number of other snail species are susceptible to
G. aegyptiacus infestation under experimental conditions,
and may play a role in some natural infestations (Mukaratirwa
et al. 2004). Bulinus are freshwater snails, found in lakes and
residual pools of seasonally flowing rivers and streams (Curtis
et al. 2010). Infestation of the horse with G. aegyptiacus is
thought to be associated with grazing wet pastures or
drinking from natural water sources. The fluke measure 12–
18 9 10–14 mm and are dorsoventrally flattened (Fig 1). They
have a narrow anterior conical part and a rounded posterior
part, giving them a ‘tennis racket’ appearance (Malek 1971).
The operculate ova measure 140–170 9 90–100 lm (Fig 2).
These parasites are usually found in the caecum and
ascending colon, but have been identified in all parts of the
equine gastrointestinal tract (Azzie 1975). Their prevalence in
most countries is unknown, but reports in Ethiopia, Burkina
Faso, South Africa and Pakistan describe a prevalence of 4–
63% (Vercruysse et al. 1986; Wells et al. 1998; Ayele et al.
2006; Malik et al. 2006), with the particularly high prevalence
of 63% representing the prevalence in donkeys in one area of
South Africa. The relative prevalence in each area has not
been compared for horses vs. donkeys.

Antemortem diagnosis currently depends on identification
of parasite ova using a faecal sedimentation test (Visser and
Pitchford 1972). The sensitivity of this test is unknown. Treatment
options include oral administration of either oxyclosanide or
resorantel (Roberts et al. 1975). There are many reports of
G. aegyptiacus in the absence of clinical disease and the
parasite was originally considered nonpathogenic. This is now
considered likely to be untrue and cases of recurrent colic,
lethargy and diarrhoea have been described (Azzie 1975;
Roberts et al. 1975; Applewhaite and Ruiz 1983; Van Laaren
2014). However in these reports, cases were isolated and other
potential causes of the described symptoms were not
considered. This case series describes horses infested with
G. aegyptiacus, showing colic (predominantly associated with
caecal intussusception), weight loss and diarrhoea between
2001 and 2016 at an equine hospital in South Africa.

Intussusception involving the equine caecum is generally
rare (Edwards 1986; Owen et al. 1989), although a higher
regional incidence was recently reported in New Zealand
(Bell and Textor 2010). The pathophysiology underlying caecal
intussusception in the horse is poorly understood. It has been
suggested that intussusceptions are due to dysmotility, in
particular different relative motility of one section of gut
relative to an adjacent section. Local inflammation is
considered to have a detrimental effect on gastrointestinal
motility (Kalff et al. 1998; Bauer et al. 2002). It is therefore
possible that any factor leading to intestinal inflammation
may lead to altered intestinal motility and potential caecal
intussusception. Parasites including Anoplocephala perfoliata
(A. perfoliata) and cyathostomin species have been seen in
conjunction with caecal intussusception and published case
series suggest their possible association (Barclay et al. 1982;
Mair et al. 2000). Myenteric ganglionitis has been suggested
as a specific mechanism for compromised motility in parasitic
infestations (Pavone et al. 2011). Typhlocolitis has been
reported both on its own and in conjunction with caecal
intussusception (Mair et al. 2000; Smith et al. 2015). There are
a number of potential causes of typhlocolitis in the horse,
including cyathostomins, Salmonella, Clostridia and acorn
consumption (Mair et al. 2000; Johns 2010; Smith et al. 2015).

Case details

Case 1
An 11-year-old Boerperd mare was presented at the
Onderstepoort Veterinary Academic Hospital (OVAH) with a
3 week history of weight loss and poor appetite. The mare
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also had a 1 week history of diarrhoea. On presentation, the
mare was quiet with a body condition score (BCS) 1.5/5
(Carroll and Huntington 1988). The horse was also
tachycardic (Table 1), had increased borborygmi and
diarrhoea. A mild leucocytosis with a mature neutrophilia and
mild lymphopaenia were present (Table 2). Total serum
protein and albumin concentrations were also low, while
serum globulin (Table 2) and serum amyloid A concentrations
were increased (300 mg/L [reference range: <20 mg/L]
Nunokawa et al. 1993). A faecal nematode egg count
(Ministry of Agriculture, Fisheries and Food 1986) identified 400
strongylid eggs/gram (epg). Neither a faecal sedimentation
for trematodes nor a flotation test for cestodes was
performed. Initially, no abnormalities were detected on
transrectal palpation or abdominal ultrasonography. Five
faecal cultures obtained no growth of Salmonella spp. and
the results of other diagnostic tests were within normal limits.

Treatment was initiated with metronidazole (Bio-
Metronidazole1, 15 mg/kg bwt q. 8 h per os), fenbendazole
(Panacur Equine Guard2, 7.5 mg/kg bwt per os q. 48 h) and
di-tri-octahedral smectite paste (Bio-Sponge3 64 mg/kg bwt
per os dosed at regular intervals depending on the severity of
the diarrhoea). The mare continued to be intermittently
tachycardic and both appetite and severity of diarrhoea
fluctuated. Gastroscopy demonstrated grade II/IV squamous
gastric disease (Sykes et al. 2015) and omeprazole therapy
(Omepracote4, 4 mg/kg bwt per os q. 24 h) was introduced.
A severe thickening of the left ventral colon wall developed
(26 mm [reference range: 2–6 mm] Jones et al. 2003) and
due to inadequate response to treatment and financial
constraints the mare was subjected to euthanasia. Necropsy
revealed moderate to severe typhlocolitis with numerous
adult G. aegyptiacus flukes present in the ascending colon.
Histopathological examination of the colon identified
lymphoplasmacytic infiltration and no encysted cyathstomin
larvae were observed. No cestodes were observed.

Case 2
A 15-year-old Thoroughbred gelding was presented at the
OVAH with a 5 month history of weight loss and a 3 month
history of diarrhoea and intermittent colic. The horse had
recently been treated with 5 days of fenbendazole, followed
by 2 days of ivermectin and had been given multiple short
courses of phenylbutazone, trimethoprim sulphonamide and
procaine penicillin (trade names and doses unknown). The
horse presented bright and alert with a BCS 1.5/5 (Carroll and
Huntington 1988), dull hair coat and pressure sores over the
tuber coxae. Clinical parameters were within normal limits,
other than an increased capillary refill time, increased
borborygmi and watery diarrhoea. Sounds consistent with
sand accumulation was auscultated in the ventral abdomen.
A mild leucopaenia and left shift neutropaenia were
detected (Table 2). Serum globulin concentration was
increased and serum albumin concentration was low
(Table 2). Abdominal ultrasonography was consistent with
localised left ventral colitis (colon wall thickness 7 mm) and
no abnormalities were detected on transrectal palpation.
Peritoneal fluid was serosanguinous. Abdominal radiography
showed a moderate amount of material with mineral
radiodensity in the ventral colon, consistent with sand
accumulation. Two faecal cultures were positive for
Salmonella, however four subsequent cultures were negative.
Faecal sedimentation (Visser and Pitchford 1972) was
negative for G. aegyptiacus ova and a faecal nematode
egg count identified <200 epg. Faecal flotation was negative
for cestode eggs. Results of other diagnostic procedures were
within normal limits.

The horse was treated for sand colitis using liquid paraffin
and psyllium. Niclosamide (Lintex5, 100 mg/kg bwt per os)
was also given in case of G. aegyptiacus infection.
Instructions to limit further sand intake were given, as well as
recommendations to supplement in feed psyllium and corn

TABLE 1: Clinical findings on presentation

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Heart rate (beats/min) 52 32 40 40 44 56 56
Temperature (°C) 37.1 37.8 37.9 38.7 38.1 37.5 37.5
Respiration rate (breaths/min) 20 12 16 18 28 8 20

Fig 2: Ovum of G. aegyptiacus (Case 3). Unstained wet
preparation slide, 1003 magnification.

cm

Fig 1: Gastrodiscus aegyptiacus parasites (Case 3).
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oil. The horse was discharged from the clinic. Four weeks after
discharge the horse had a severe episode of colic and was
subjected to euthanasia without referral. Necropsy by a
private veterinarian in the field revealed caecocaecal
intussusception, caecal ulceration and large numbers of
adult G. aegyptiacus flukes in the ascending colon. No
cestodes were observed. Histology was not performed.

Case 3
A 16-year-old Arabian mare was presented at the OVAH with
a 24 h history of colic signs. The referring veterinarian
observed abdominal pain and tachycardia, but no other
abnormal findings. Flunixin (Finadyne2, 1.1 mg/kg bwt i.v. q.
12 h), butorphanol (Torbugesic6, 0.025 mg/kg bwt i.v.) and
butylscopolamine bromide and metamizole (Buscopan
Compositum7, 1 mg/kg bwt i.v.) had been administered prior
to referral. On presentation, the mare was moderately to
severely painful (rolling, pawing and lying down). The horse
had pale oral mucous membranes, reduced borborygmi and
abdominal distension. During transrectal palpation a firm soft
tissue structure was identified in the right caudal abdomen.
Ultrasonography demonstrated a thick walled circular
structure with a double walled appearance (total diameter
110 mm, wall thickness not recorded). Caecocaecal or
caecocolic intussusception was suspected. Exploratory
laparotomy was declined and medical management
initiated. Faecal sedimentation was positive for
G. aegyptiacus ova. A faecal nematode egg count
identified <200 epg. Faecal flotation for cestodes was not
performed and faecal samples were not submitted for
culture.

Romifidine (Sedivet7, 0.025 mg/kg bwt i.v.), polyionic
crystalloid fluid therapy (Plasmavet8, bolus of 40 mL/kg bwt
over 2 h i.v. followed by 5 mL/kg bwt/h i.v.), a lignocaine
infusion (Lignocaine HCl9, bolus 1.3 mg/kg bwt i.v. followed
by 0.05 mg/kg bwt/min i.v.) and dexamethasone (Kortico5,
0.1 mg/kg bwt i.v.) were administered. A combined
oxyclozanide/levamisole product (Tramizan10, oxyclozanide
7.5 mg/kg bwt, levamisole 5.6 mg/kg bwt) was administered
for treatment of G. aegyptiacus infestation. The mare
became progressively more painful. Further analgesia with
flunixin (Finadyne2, 1.1 mg/kg bwt i.v.), morphine (Morphine11,
0.1 mg/kg bwt i.v.) and romifidine (Sedivet7, 0.025 mg/kg bwt
i.v.) did not lead to significant improvement and the mare
was subsequently subjected to euthanasia 8 h after
presentation. Necropsy demonstrated caecocaecal
intussusception with congestion of the caecal wall. Large

numbers of adult G. aegyptiacus flukes were present in the
ascending colon and there were small numbers in the
caecum (Fig 3). No cestodes were observed. Histology was
not performed.

Case 4
An 8-year-old Thoroughbred mare was presented at the
OVAH with a 1 week history of mild colic signs and a 3 day
history of diarrhoea. On presentation, the mare had mild to
moderate colic signs, blood-tinged diarrhoea, mild pyrexia
(Table 1) and reduced borborygmi. Mucous membrane
colour was normal, but capillary refill time was 2 s. Total white
cell count was increased and total serum protein and
albumin concentrations were low (Table 2). Abdominal
ultrasonography revealed an abnormal structure with a
thickened double walled appearance (wall thickness 15 mm)
in the mid-right ventral abdomen. The caecal region was
sensitive on transrectal palpation, but no abnormalities could
be felt. Peritoneal fluid was mildly serosanguinous with an
increased total nucleated cell count (10.5 9 109/L [reference
range: <5 9 109/L] Nelson 1979). Faecal nematode egg
count, trematode sedimentation and cestode flotation were
not performed. A single faecal culture collected during
necropsy was positive for Salmonella spp. Results of other
diagnostic tests were within normal limits.

Exploratory laparotomy was recommended and the mare
treated preoperatively with sodium benzylpenicillin
(Novopen12, 10,000 iu/kg bwt i.v.), gentamicin (Genta5013,

TABLE 2: Summary of significant findings on haematology and serum biochemistry profiles

Reference range Case 1 Case 2 Case 3 Case 4 Case 5 Case 7

Haematocrit (L/L) 0.24–0.44 0.39 0.35 0.39 0.39 0.36 0.36
White cell count (9109/L) 6.00–12.00 12.50 5.29 N/P 17.10 7.24 7.59
Neutrophils (9109/L) 3.54–7.08 10.25 2.38 N/P N/P N/R 6.38
Immature neutrophils (9109/L) 0.0–0.24 0.00 0.32 N/P N/P N/R 0.30
Lymphocytes (9109/L) 1.80–3.60 1.75 2.27 N/P N/P N/R 0.53
Platelets (9109/L) 200–600 161 169 N/P N/P N/R 169
Total serum protein (g/L) 66.0–78.0 62.3 77.0 70.0 41.8 51.4 68.2
Albumin (g/L) 28.0–39.0 23.2 25.4 N/P 18.2 26.6 32.5
Globulin (g/L) 18.0–38.0 39.1 51.6 N/P 23.6 24.8 N/P

Bold type indicates values or outside of reference range or qualitative assessment abnormal. No results presented for Case 6 as
tabulated tests not performed. N/P, not performed, N/R, not recorded.

Fig 3: Heavy burden of G. aegyptiacus in the colonic contents of
a treated horse (Case 3) at necropsy.
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6.6 mg/kg bwt i.v.) and flunixin (Finadyne2, 0.25 mg/kg bwt
i.v.). The horse also received brief polyionic crystalloid fluid
therapy (Plasmavet9, bolus of 6 mL/kg bwt i.v.). Exploratory
laparotomy revealed typhlocolitis and a nonreducible
caecocaecal intussusception. The mare was subsequently
subjected to intraoperative euthanasia. Necropsy revealed
additional haemorrhagic ulcerative colitis and large numbers
of adult G. aegyptiacus flukes in both the caecum and
ascending colon. No cestodes were observed. Histological
assessment demonstrated lymphoplasmacytic infiltration of
the colon and caecum. Additionally an area of the caecum
was necrotic, with loss of normal tissue architecture and
concurrent neutrophilic and eosinophilic infiltration. No
cyathostomins were identified during histological assessment.

Case 5
A 9-year-old crossbreed gelding was presented at the OVAH
with a 3 day history of colic. Prior to referral the horse had
received phenylbutazone and magnesium sulphate solution
(trade names and doses unknown). On presentation the
horse displayed mild colic signs with mild tachycardia and
tachypnoea (Table 1). Total serum protein and albumin
concentrations were decreased (Table 2). Abdominal
ultrasonography revealed an abnormal structure with a
thickened double walled appearance (total diameter
60 mm, wall thickness 15 mm) in the right caudoventral
abdomen. Mildly distended small intestine was palpable on
transrectal palpation. Faecal nematode egg count,
trematode sedimentation, cestode flotation and culture were
not performed.

The horse was initially treated with butorphanol (Torbugesic6,
0.025 mg/kg bwt i.v.) and flunixin (Finadyne2, 0.5 mg/kg bwt i.v.),
signs of pain then resolved. Polyionic crystalloid fluid therapy was
administered (Plasmavet8 bolus, 30 mL/kg bwt i.v. q. 4 h) and
water withheld. The day after admission signs of abdominal pain
recurred. Clinical parameters were within normal limits. On
transrectal palpation an abnormal soft tissue structure was
identified in the right caudodorsal abdomen. Subsequent
haematology and serum biochemistry revealed a mild anaemia
and a moderate hypoproteinaemia (Table 2). Peritoneal fluid
was serosanguinous in appearance and had an increased
nucleated cell count (23.4 9 109/L). These findings were
considered consistent with caecocaecal or caecocolic
intussusception. Exploratory laparotomy was declined and the
horse was subjected to euthanasia. Necropsy revealed
caecocolic intussusception with moderate typhlocolitis (Fig 4)
and numerous adult G. aegyptiacus flukes in the ascending
colon. No cestodes were observed. Histology was not performed.

Case 6
An 8-year-old Percheron gelding was presented at the OVAH
with a 24 h history of colic. The horse had received flunixin
(Finadyne2, 1.1 mg/kg bwt i.v), butylscopolamine bromide and
metamizole (Buscopan Compositum7, 0.3 mg/kg bwt i.v.) and
detomidine (Domosedan6, 0.004 mg/kg bwt i.v.) prior to
referral. On admission, the horse showed mild intermittent signs
of abdominal pain. Moderate tachycardia was present
(Table 1) and borborygmi were reduced. Transrectal palpation
revealed a firm mass in the mid-dorsal abdomen. Colon
displacement with secondary impaction of the large colon
was suspected. Abdominal ultrasonography was not
performed. Nasogastric intubation elicited 6 L of net gastric
fluid reflux.

Initial medical management consisted of polyionic
crystalloid fluid therapy (Plasmavet8 bolus, 20 mL/kg bwt i.v.
over 1 h, followed by 1.6 mL/kg bwt/h i.v.) and xylazine
(Chanazine,14 10% 0.7 mg/kg bwt i.v.). The gelding showed
progressively severe signs of colic and abdominal distention
despite further xylazine treatment, gastric decompression and
walking. Exploratory laparotomy was declined and the horse
was subjected to euthanasia. Necropsy revealed caecocolic
intussusception with necrosis of the caecal wall and large
numbers of adult G. aegypticus flukes in the ascending
colon. No cestodes were observed. Histology was not
performed.

Case 7
An 18-year-old Thoroughbred gelding was presented at the
OVAH with acute colic signs. The horse also had a 2 month
history of weight loss. Prior to referral, the gelding received
flunixin (Finadyne2, 1.1 mg/kg bwt i.v.) and butorphanol
(Torbugesic6, 0.04 mg/kg bwt i.v.). On presentation the horse
was showing mild signs of abdominal pain and had a BCS of
2.5/5 (Carroll and Huntington 1988). The horse was
tachycardic (Table 1) and had reduced borborygmi. Despite
a normal mature neutrophil count, circulating immature forms
were increased and a moderate lymphopaenia was also
observed (Table 2). Transabdominal ultrasonography
demonstrated a thickened right dorsal colon wall (wall
thickness not recorded) and fluid within the colon. Right
dorsal colitis was suspected and initial medical management
consisted of polyionic crystalloid fluid therapy (Plasmavet8,
4 mL/kg bwt/h i.v.), a lignocaine infusion (Lignocaine HCl9,
bolus 1.3 mg/kg bwt i.v. followed by 0.05 mg/kg bwt/min i.v.)
and metronidazole (Bio-Metronidazole1, 15 mg/kg bwt per os
q. 8 h). Colic signs progressed and reassessment revealed the
same clinical parameters. Transrectal palpation revealed
moderate gas distension of the large colon and a tight
caecal taenial band. Peritoneal fluid was serosanguinous and
had an increased lactate level (7.6 mmol/L [<2 mmol/L];
Latson et al. 2005). Exploratory laparotomy was declined.

Detomidine (Domosedan6, 0.006 mg/kg bwt i.v.) and
morphine (Morphine11, 0.1 mg/kg bwt i.v.) were administered
and the horse walked regularly. Subsequently clinical
parameters improved, but intermittent mild tachycardia
remained. The horse showed mild intermittent colic signs
including lying in sternal recumbency and occasional pawing.

Fig 4: Necropsy image of a caecocolic intussusception (Case 5).
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During follow-up assessment 3 days post-presentation, a
circular structure with a thickened double wall was evident on
abdominal ultrasonography (total diameter 60 mm, wall
thickness 15 mm) (Fig 5). Caecocaecal or caecocolic
intussusception was suspected. A faecal nematode egg
count identified <200 epg. Faecal flotation for cestodes was
not performed. Faecal sedimentation was positive for
G. aegyptiacus ova. Three faecal cultures obtained no
growth of Salmonella spp. The horse was treated with a
combined oxyclozanide/levamisole product (Tramizan10,
oxyclozanide 7.5 mg/kg bwt per os, levamisole 5.6 mg/kg bwt
per os). Despite mild intermittent colic signs, lethargy and
occasional mild tachycardia, reintroduction of food was
tolerated and medication discontinued. The horse was
discharged with instructions to return if there was clinical
deterioration, but otherwise in 2 weeks for repeat assessment.
On follow-up assessment the owner described resolution of
colic signs and a normal demeanour at home. Clinical
examination was normal and abdominal ultrasonography did
not detect the previously described circular structure. Faecal
sedimentation was negative for G. aegyptiacus ova.

Discussion

Gastrodiscus aegyptiacus has been previously described in
small numbers of equine colic cases (Azzie 1975; Applewhaite
and Ruiz 1983). In the present case series, typhlocolitis as well
as caecocaecal and caecocolic intussusceptions are
reported in association with G. aegyptiacus infestation.
Although G. aegyptiacus cannot definitively be determined
as the cause of the disease reported here, the unusual and
consistent presence of these parasites in cases of
caecocaecal or caecocolic intussusception justifies further
investigation into the possibility of an aetiopathological role.

Demonstration of causation by any gastrointestinal
pathogen in a clinical context is challenging due to the
likelihood of a mixed infection. Not only can the
gastrointestinal tract be concurrently infected/infested with
many pathogens, but compromise by one pathogen may
lead to increased ease of colonisation by another. Horses can
carry Salmonella spp. without bacterial shedding, yet may

subsequently shed under times of physiological stress (House
et al. 1999; Kim et al. 2001; Ernst et al. 2004). Three cases in this
series (43%) were identified as shedding Salmonella at some
point during hospitalisation. This is higher than the overall
prevalence of Salmonella shedding (11%) detected on routine
faecal screening in the equine population at the OVAH. It is
possible that Salmonella could have played a role in the
clinical signs observed, or influenced the relative
pathogenicity of G. aegyptiacus in the gut. However, it is also
possible that Salmonella shedding developed secondary to
physiological stress from factors such as transport,
antimicrobial treatment or G. aegyptiacus infestation.

Only one of the cases in this series (Case 2) had a
cestode faecal flotation technique performed (Rehbein et al.
2011); this was negative for A. perfoliata infestation.
Immunodiagnostics for cestode infestation were not
performed as this is not available in South Africa. During
necropsy however, A. perfoliata was not seen in any case so
it is unlikely that this parasite was involved in these cases.

In all four of the cases previously reported with
cyathostominosis and caecal intussusception clinical signs of
diarrhoea were described. Additionally, faecal cyathostomin
larvae were present in all cases (Mair et al. 2000). Only one
case of caecal intussusception reported in the current series
had diarrhoea, and no cases demonstrated faecal
cyathostomin larvae. Furthermore, no cases of caecal
intussusception had a nematode egg count greater than 200
epg. In the current case series histological assessment of the
intestine was only performed for Cases 1 and 4. No encysted
cyathostomin larvae were observed upon histological
assessment of these cases. Although it is acknowledged that
these findings do not exclude a role for cyathostomins in
these cases, it is considered by the authors to be unlikely in
the present case series.

If G. aegyptiacus is pathogenic, the factors determining
which animals are affected are yet to be determined. It is
recognised for a number of parasitic species that amongst a
population of animals, some individuals will develop heavier
parasite burdens than others (Relf et al. 2013). Furthermore,
some will develop clinical signs and some will not (Proudman
and Edwards 1993). The specific host factors involved in
defence against parasite infestation are minimally
understood in the horse. Work in ruminants has demonstrated
specific genetic elements associated with resistance to
infestation (Stear et al. 1999).

The extent of clinical signs seen with G. aegyptiacus
infestation may or may not be related to the level of parasite
burden. An association between the severity of intestinal
pathology and number of parasites present has been
demonstrated for A. perfoliata and cyathostomin species
(Murphy and Love 1997; Pavone et al. 2011). In this series, all
cases subject to necropsy examination had heavy
G. aegyptiacus burdens (individual parasite counts were not
performed) as demonstrated in Fig 3. Furthermore, another
horse from the same property as Case 2 developed caecal
intussusception (caecocolic) and at necropsy was observed
to have a severe G. aegyptiacus infection. This case was not
included in our case series due to the absence of a number
of important pieces of information. This supports the
suggestion that heavy burdens may be more likely to be
associated with severe disease. At necropsy the
intussuscepted caeca all showed severe macroscopic
circulatory changes due to the intussusception (variable

Fig 5: Ultrasonographic image of a suspected caecal
intussusception (Case 7).
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oedema, congestion, haemorrhage and necrosis). This
prevented accurate interpretation of any underlying
pathology that may have preceded the intussusception. It is
therefore difficult to determine the relevance of the
histological inflammatory infiltrates seen. The presence of
chronic gastrointestinal symptoms in Cases 1, 2 and 7 may
indicate chronic infection, but could alternatively be due to
other factors, as discussed above. It was not possible to
perform a comprehensive retrospective search for cases of
caecal intussusception in the hospital records as electronic
case records have only recently been introduced. However,
cases of caecal intussusception at the OVAH are considered
to be rare. Since 2000 all except one case of caecocaecal
or caecocolic intussusception encountered at necropsy at
the Section of Pathology had heavy burdens of
G. aegyptiacus in the caecum and/or colon (J. Williams,
personal communication). Heavy burdens of G. aegyptiacus
are not regularly identified during necropsies of horses
suffering from other conditions at the OVAH (J. Williams,
personal communication).

The epidemiology of G. aegyptiacus infestation is
incompletely understood. Three of the cases in this series (2, 3
and 5) had a history of having grazed a pasture in which
standing water was present. Based on what is known of the life
cycle of this parasite, it is highly likely that this represents a risk
factor for G. aegyptiacus infestation. It is not known how long
adult G. aegyptiacus parasites can persist in the horse. Certain
other species of intestinal fluke such as Calicophoron in sheep
are viable in the host for many years (Rojo-Vazquez et al.
2012). It is possible that the other cases in this series were
previously exposed to risk factors under different ownership.

There are important limitations to consider upon
interpretation of the current faecal sedimentation test for
G. aegyptiacus. It is nonquantitative and has not been
validated for this species against a gold standard of
necropsy. One of the horses in this series (Case 2) was
negative for G. aegyptiacus ova when tested antemortem.
The relative roles of mature oviparous adults and immature
stages are unknown. The prepatent period from infestation
with metacercariae to mature egg laying adults was found
to be 115 days in an experimental donkey (Malek 1971). As
an egg detection test, faecal sedimentation would be
negative with an infestation of immature parasites during the
prepatent period. The lower detection limit of the test is also
unknown. Further work is required to determine why some
infested animals test positive and some do not.

Case 7 had clinical findings consistent with caecal
intussusception and following treatment for G. aegyptiacus
and supportive care, both clinical and ultrasonographic
evidence of intussusception resolved. This has not previously
been reported. It is possible that caecal intussusception may
spontaneously resolve if adhesions are absent, especially with
concurrent medical support. Additionally, multiple cases of
spontaneously resolving jejunojejunal intussusception were
recently described in an ultrasonographic study of neonatal
Standardbred foals (Abraham et al. 2014). An important
difference between those foals and the case described here
is the absence of abdominal pain or any evidence of tissue
or vascular compromise. The findings of serosanguinous
peritoneal fluid with increased lactate content are consistent
with intra-abdominal vascular compromise. Reports of caecal
intussusception treated surgically describe successful
outcomes in horses without resection of the intussusception

from the abdomen (Lores and Ortenburger 2008). The degree
of compromise of the caecum and colon were unfortunately
not described in that case series. It is possible that the
intussusception in Case 7 reduced, or alternatively, if it was a
caecocaecal intussusception, became walled off and
atrophied. The shortest follow-up time previously reported for
an intussuscepted caecum left within the abdomen, was
2 months, at which point it was no longer evident (Lores and
Ortenburger 2008).

In a therapeutic trial, treatment of G. aegyptiacus
positive horses with oxyclozanide (a salicylanilide anthelmintic
with anti-trematode activity [Mehlorn 2008]) or resorantel (a
salicylanilide anthelmintic with anti-trematode and anti-
cestode activity [Mehlorn 2008]) led to negative faecal
sedimentation in all cases (Roberts et al. 1975). Poor efficacy
of oxfendazole, albendazole and ivermectin has also been
demonstrated (Malik et al. 2006). Whether or not
oxyclozanide is effective against immature stages of
G. aegyptiacus is unknown. Niclosamide has not been tested
for treatment of G. aegyptiacus infestations and would
therefore not be recommended. Neither oxyclozanide nor
resorantel are licensed for use in horses in South Africa,
therefore treatment with either drug is off licence. A product
containing oxyclozanide without levamisole is not available in
South Africa. The authors have not observed any adverse
reactions when using a combined oxyclozanide and
levamisole product2 at 7.5 mg/kg bwt of oxyclozanide and
5.6 mg/kg bwt levamisole. This is a marginally lower dose
than that previously evaluated by therapeutic trial (Roberts
et al. 1975) and was selected due to reports of anorexia
following treatment at the evaluated dose (Van Laaren
2014). In the current series a repeat faecal sedimentation test
was only performed for Case 7. Following treatment with a
combined oxyclozanide/levamisole product (Tramizan10,
oxyclozanide 7.5 mg/kg bwt, levamisole 5.6 mg/kg bwt) this
test was negative, suggesting that oxyclozanide may be
efficacious at this dose. Prophylactic treatment for
G. aegypticaus infestation is not currently being
recommended due to limited understanding of the relevant
epidemiology, perceived low incidence of disease and
absence of a licensed anthelmintic product.

This report supports previous suggestions of a pathological
role of G. aegyptiacus in equine gastrointestinal disease and
suggests that G. aegypticus should be considered as a
differential diagnosis in cases of typhlocolitis or caecal
intussusceptions. Awareness of this parasite may increase its
detection and enable treatment in clinical cases. Future
study of the epidemiology of this parasite is required and
would be greatly facilitated by more advanced diagnostic
testing and wider veterinary awareness.
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Case Report

A novel use for polyamide tie-wraps in the surgical resolution of
caecocolic intussusception in a horse
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Summary
Caecocolic intussusception is an uncommon cause of colic
in the horse. Surgical correction presents its own set of
challenges. The affected tissue is often markedly oedematous
and a partial typhlectomy through an enterotomy incision in
the right ventral colon can be the only method of successfully
reducing the intussusceptum. Suture ligation of the nonviable
portion of caecum can result in cut through of tissue, which
can lead to an insecure ligation. In addition, a right ventral
colon enterotomy can result in life-threatening peritoneal
contamination. This report describes the novel use of
polyamide tie-wraps to ligate the inverted caecum, allowing
for partial typhlectomy and reduction of the intussusceptum,
as well as a method to minimise potential abdominal
contamination. To the author’s knowledge, this is the first
report of the use of polyamide tie-wraps in the gastrointestinal
tract of the horse.

Introduction

Caecocolic intussusception is an uncommon cause of colic
in the horse, having been reported in only 4/310 (1.29%) and
4/300 (1.3%) of horses undergoing exploratory laparotomy for
colic in the UK (Edwards 1986; Mair and Smith 2005). In the
USA, the condition appears to be equally rare, reported in
only 11/842 (1.3%) of horse undergoing surgical treatment for
colic (Gaughan and Hackett 1990). The condition appears to
have a greater incidence in New Zealand, with 19/135 (14%)
of surgical colics presenting with caecocolic intussusception,
diagnosed either at exploratory laparotomy or necropsy (Bell
and Textor 2010). Surgical correction presents its own set of
challenges and as such a number of surgical techniques
have been described to correct the condition. These include
manual reduction of the intussusceptum, partial typhlectomy
via an enterotomy in the right ventral colon and complete
caecal bypass via a jejuno- or ileocolostomy (Robertson and
Johnson 1980; Edwards 1986; Gaughan and Hackett 1990;
Martin et al. 1999; Hubert et al. 2000; Boussauw et al. 2001;
Bell and Textor 2010). Large scale reports of outcome of
surgical techniques are lacking, due to the infrequent
occurrence of the condition; only 0/3 horses survived more
than a few hours post-operatively following partial
typhlectomy via an enterotomy in the right ventral colon
(Edwards 1986). In a second study, only 3/6 (50%) horses
undergoing typhlectomy via enterotomy reportedly survived
to discharge (Bell and Textor 2010) and 3/11 horses survived
to discharge in another study (Gaughan and Hackett 1990).
Of the three horses that underwent an enterotomy and
partial typhlectomy, 0/3 survived, 2/3 having died of

peritonitis (Gaughan and Hackett 1990). In contrast, further
studies have shown a markedly different outcome. In one
case series, 6/18 horses underwent partial typhlectomy
through an enterotomy when the caecocolic intussusception
could not be manually reduced, with 100% survival (Martin
et al. 1999). Similarly, in a further report, 8/8 (100%) horses
undergoing enterotomy and typhlectomy for surgical
correction of caecocolic intussusception survived to
discharge (Hubert et al. 2000).

Difficulties encountered include contamination due to the
anatomical location of the enterotomy site in the right ventral
colon and ligation of the caecum prior to typhlectomy and
reduction of the remaining viable portion. In the author’s
experience, the tissue is often markedly friable and
oedematous and suture used to ligate the nonviable portions
of caecum can result in cut through of tissue, which can lead
to an insecure ligation. It has been reported that jejuno- or
ileocolostomy reduces surgical time and decreases the risk of
abdominal contamination, compared with other techniques
for treating caecocolic intussusception (Boussauw et al.
2001). However, only 4/8 (50%) horses survived longer than
2.5 months, with two horses subjected to euthanasia during
surgery and two dying as a direct consequence of problems
related to the initial surgery (Boussauw et al. 2001).

This report describes the novel use of polyamide tie-wraps
to ligate the intussusceptum through an enterotomy in the
right ventral colon, allowing for partial typhlectomy and
subsequent reduction of the inverted caecum. Suturing of an
impervious drape together with a laparotomy sponge to the
right ventral colon prior to performing the enterotomy incision
greatly minimised gross contamination. To the author’s
knowledge, this is the first report of the use of polyamide tie-
wraps in the gastrointestinal tract of the horse.

Case details

Case history
A 12-year-old Arabian cross gelding presented with a history
of colic of approximately 2 h duration. There had been no
history of recurrent colic or weight loss. The horse had
received a 10 L bolus of lactated Ringer’s solution (LRS:
Lactado De Ringer Q-Vet)1, flunixin (Banamine)2 (1.1 mg/kg
bwt i.v.) xylazine (TranquiVed injection)3 (0.3 mg/kg bwt i.v.)
and butorphanol tartrate (Torbugesic Vet)4 (0.01 mg/kg bwt
i.v.) immediately prior to referral.

Clinical findings
On presentation, the gelding was quiet and showed
intermittent signs of abdominal pain. He was in lean
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condition, weighing 349 kg. Muscle fasciculations were noted
along the triceps and flanks bilaterally. Heart rate was
44 beats/min with a respiratory rate of 24 breaths/min and
rectal temperature of 37.9°C. His mucous membranes were
tacky with a capillary refill time of 2 s. The gelding appeared
cardiovascularly stable with PCV of 0.29 L/L, total protein of
56 g/L and systemic lactate of 0.7 mmol/L. Peripheral white
blood cell count was 6.49109/L. Intestinal borborygmi were
increased in the left ventral quadrant. There was no evidence
of abdominal distention and no reflux was obtained on
nasogastric intubation. There were no significant
abnormalities detected on rectal examination.
Ultrasonography of the abdomen revealed an increase in
hypoechogenic free abdominal fluid. In addition, a single
loop of distended amotile small intestine was noted, with a
diameter of 5.5 cm and wall thickness of 0.4 cm.
Abdominocentesis yielded a serosanguinous peritoneal fluid
sample, with white blood cell count of 0.89109/L, total protein
of 14 g/L and lactate of 1.7 mmol/L. Due to the clinical
findings and persistent signs of colic, an exploratory
laparotomy was undertaken.

Surgical findings
The horse received preoperative sodium penicillin G
(Bencilpenicilina)5, (22,000 u/kg i.v.), gentamicin6 (6.6 mg/kg
bwt i.v.), xylazine3 (0.6 mg/kg bwt i.v.) and butorphanol
tartrate4 (0.025 mg/kg bwt i.v.) prior to induction of
anaesthesia with ketamine hydrochloride6 (2.2 mg/kg bwt
i.v.) and diazepam7 (0.05 mg/kg bwt i.v.). Following
orotracheal intubation (24 mm internal diameter),
anaesthesia was maintained with isoflurane (IsoFlo)8,
delivered in oxygen (O2 flow 6 L/min) at an end tidal
concentration of 1.8–2.0%, via a large animal circle
breathing system. The horse was placed in dorsal
recumbency and a standard midline coeliotomy incision
performed. Initial exploration of the abdomen revealed a
caecocolic intussusception. The majority of the caecum, as
well as the ileocaecal junction and a significant portion of
ileum, were involved in the intussusception. Manual
reduction of the intussusceptum was attempted, but was not
successful due to the amount of caecal oedema. The
abdominal incision was packed with sterile towels soaked in
saline. An impervious drape (Buster Op-Cover 90 9 120 cm)9

and saline soaked laparotomy sponge (Curity X-ray
detectable laparotomy sponges)10 were sutured to the
surface of the right ventral colon in an elliptical shape, with
3 metric Vicryl in a simple continuous partial thickness suture
pattern, 3–4 cm lateral of the ventral taenial band at the
level of the sternal flexure (Fig 1). A second row of saline
soaked laparotomy sponges (Curity X-ray detectable
laparotomy sponges)10 was then placed along the length of
the suture line, between the impervious drape and sutured
laparotomy sponges. The central elliptical portions of
impervious drape and laparotomy sponge were removed
with scissors to expose the underlying colonic serosa. A full
thickness 10 cm incision was made through the right ventral
colon within the elliptical window (Fig 2a). A hand was
placed into the lumen of the colon to try and manually
reduce the intussusceptum. Manual reduction was
unsuccessful due to the degree of caecal oedema,
necessitating partial resection. The apex of the caecum was
grasped manually and traction applied to exteriorise the
apex and a portion of the body through the incision. The

exact location of the ileocaecal valve and ileum within the
intussusceptum could not be completely predetermined, but
their anatomical location was considered to be far enough
towards the caecal base to not be included within the
partial typhlectomy. A 300 mm long, 4.8 mm polyamide tie-
wrap (MKAT Cable Tie 4.8 9 300 mm)11 was placed around
the body of the caecum and tightened (Fig 2b). This was
repeated three times so that four polyamide tie-wraps were
placed around the caecal body. The tie-wraps were then
retightened in a sequential manner. The caecum was
resected 5 cm distal of the tie-wraps and the apex and a
portion of the body of the caecum discarded (Fig 2c). The
long ends of the polyamide tie-wraps were cut and
discarded. The intussusceptum was then manually reduced
through the incision in the right ventral colon. The right
ventral colon enterotomy incision was closed in two layers
with 3 metric polyglactin 910 (Vicryl) in a simple continuous
suture pattern followed by a Cushing suture pattern. The
region was flushed with sterile saline prior to removal of the
suture attaching the impervious drape (Buster Op-Cover
90 9 120 cm)9 and laparotomy sponges (Curity X-ray
detectable laparotomy sponges)10 to the colon. The
impervious drape (Buster Op-Cover 90 9 120 cm)9 and
laparotomy sponges (Curity X-ray detectable laparotomy
sponges)10 were discarded, further lavage performed and
the surgeon rescrubbed. The remaining portion of caecum
was then exteriorised through the ventral midline incision and
the typhlectomy site oversewn with 4 metric polyglactin 910
in a Cushing suture pattern. The ileum was examined and
apart from mild oedema was found to be viable. The
jejunum was exteriorised and fluid contents evacuated into
the caecum. The small colon was exteriorised, no
abnormalities were detected and was replaced in the
abdomen. The abdomen was lavaged with 20 L of sterile
saline. Excess lavage fluid was removed with closed suction,
prior to a routine three layer closure. The linea alba was
closed with 6 metric polyglactin 910 in a simple continuous
suture pattern. The subcutaneous tissue was closed with 3
metric polyglactin 910 in a simple continuous suture pattern.

Fig 1: The appearance of the enterotomy site following suturing
of an impervious drape and saline soaked laparotomy sponge in
an elliptical shape around the proposed incision site.
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The skin was closed with stainless steel staples. Surgery time
from first incision to recovery was 2 h, 15 min. Recovery from
anaesthesia was assisted with a head and tail rope.

Post-operative care
The gelding was maintained on sodium penicillin G5

(22,000 u/kg i.v.) every 6 h and gentamicin6 (6.6 mg/kg i.v.)
once daily for 7 days. Flunixin2 was reduced from 1.1 mg/kg i.v.
twice daily to 0.55 mg/kg i.v. twice daily after 7 days and
discontinued after 10 days. The horse received 4 L of 6%
hetastarch12 immediately post-operatively and was
maintained on LRS1 for 5 days (6mL /kg bwt/h reducing to
3 mL/kg bwt/h after 2 days). In addition the gelding received
a continuous rate infusion of lidocaine3 (0.05 mg/kg bwt/h
i.v.) for 3 days and polymixin B13 (5,000 U/kg i.v.) twice daily
for 5 days.

Food was gradually reintroduced, with the horse limited to
short fibre feed (Equidchop)14 for the first 10 days post-
operatively. The gelding had a peripheral white blood cell
count of 149109/L following surgery, which returned to normal
values 7 days post-operatively. No post-operative colic was
noted, with the horse passing normal faeces within 48 h of
surgery. There was minimal oedema of the ventral abdominal
incision site. The horse was hospitalised for 18 days prior to
discharge. Long-term follow-up at the time of writing was for
10 months. The trainer had not reported any colic episodes
during this period.

Discussion

This report describes the novel use of polyamide tie-wraps
when performing a partial typhlectomy via an enterotomy in
the right ventral colon in a horse. The use of sterile polyamide
tie-wraps has previously been used for ovariectomies in mares
(Cokelaere et al. 2005), for repair of multiple rib fractures in
foals (Downs and Rodgerson 2011), in partial nephrectomy in
pigs (Gofrit et al. 2010) and sternal closure in man following
thoracic surgery using the sternal ZipFix System (Grapow et al.
2012). The tie-wraps used in this horse were not sterilised prior
to use as they were placed within the caecal lumen at which
time during the surgery neither the surgeon nor that portion of
draping were sterile.

Caecocolic intussusceptions present the surgeon with
greater technical problems than other types of
intussusception (Edwards 1986). Successful partial resection of
the intussusceptum via an enterotomy incision in the right
ventral colon was first described by Robertson and Johnson
(1980). A positive outcome was attributed to early
intervention and minimal contamination during surgery
(Robertson and Johnson 1980). Abdominal contamination is a
concern when performing an enterotomy in the right ventral
colon, but with due care this can be minimised. In this case,
faecal contamination of the abdomen was prevented by
suturing an impervious drape and saline soaked laparotomy
sponges to the colon wall in an elliptical shape around the
proposed enterotomy site.

The intussusceptum is frequently oedematous, necrotic
and friable, with the thickness of the oedematous tissue often
precluding the use of intestinal clamps (Edwards 1986).
Ligation of the caecal vessels and closure of the stump can
be achieved by placing a series of overlapping transfixion
sutures across the width of the caecum, which is critical prior
to resection (Edwards 1986). Using suture to ligate this portion

a)

b)

c)

Fig 2: a) The exposed lumen of the right ventral colon. b)
Placement of the first polyamide tie-wrap around the inverted
body of the caecum and c) Resection of the apex and portion of
the caecal body following placement of four polyamide tie-
wraps.
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of caecum prior to resection can be difficult to perform, with
cut through of the oedematous tissue. The use of polyamide
cable ties resulted in minimal tissue cut through, which could
be attributed to its larger surface area (4.8 mm). The
application was quick and technically easy to perform and
appears to have provided a secure ligation in this case.
Similarly, the sternal ZipFix System used in human sternotomy
patients provides a large implant-to-bone contact for better
force distribution and avoiding bone cut through when
compared with steel wire (Grapow et al. 2012). It is not
known whether the tie-wraps within the lumen of the caecum
remained in situ and became encapsulated in tissue, or
whether they became dislodged over time due to tissue
necrosis and sloughing. On repeat laparoscopy following
ovariectomy, complete encapsulation of the stump and tie-
wrap was reported after 3–4 weeks (Cokelaere et al. 2005).
The use of four tie-wraps may have been excessive in this
case and fewer tie-wraps may be adequate.

A decrease in prognosis has been reported if severe
infarctive changes are present in either the base of the
caecum, right colon, or distal ileum (Edwards 1986). Following
amputation and manual reduction, further necrotic tissue
towards the base of the caecum may require resection, or
inversion and oversewing until healthy serosal surface is
encountered. An inability to exteriorise the caecum through
a standard ventral midline coeliotomy can make this difficult,
or even impossible to perform. The seromuscular layer was
oversewn in this case with an inverting Cushing pattern,
taking care to avoid the caecal vessels. The serosal surface
appeared healthy and so this step may have been
unnecessary. If the distal ileum is affected and tissue is
nonviable, an ileal resection with a jejuno- or ileocolostomy
may be required. Apart from mild oedema, the ileum in this
horse appeared fully viable, with minimal resistance
encountered through the ileocaecal valve when the small
intestinal contents were decompressed into the caecum.

The horse presented with relatively normal cardiovascular
parameters. Peritoneal fluid was not suggestive of a
strangulating lesion. This may reflect the relatively quick
referral, with the devitalised and necrotic tissue being
contained within the intussuscepiens effectively sealing the
affected caecum from the abdomen, with compression of
the caecal vessels most likely minimising the circulation of
endotoxin. The low post-operative peripheral white blood cell
count is consistent with a systemic inflammatory response
syndrome in response to both release of endotoxin and the
surgical procedure itself.

Polyamide tie-wraps provided a secure ligation of the
intussusceptum, allowing for partial typhlectomy through an
enterotomy and subsequent reduction of the inverted
caecum back out of the colon and into the abdomen in this
case. Their use could be considered in cases where tissue
oedema makes suture ligation difficult. However previously
described complications may still arise using this technique. In
addition, since this report represents one horse, further cases
are needed to establish whether complications such as caecal
wall necrosis or failure of the tie-wraps resulting in leakage and
intra-abdominal contamination need to be considered.

Author’s declaration of interests

No conflicts of interest have been declared.

Ethical animal research

Preparation of the manuscript was approved by the Dubai
Equine Hospital Research Committee.

Acknowledgements

The author would like to thank N. Nogradi for her pre- and
post-operative care of this case and to all the support staff of
the Dubai Equine Hospital.

Manufacturers' addresses
1Quibi SA, Bogota, Columbia.
2Merck Animal Health, Germany.
3Vedco Inc, St. Joseph, Missouri, USA.
4Zoetis, Alcobendas, Madrid, Spain.
5Laboratorios PiSA, Guadalajara, Jalisco, Mexico.
6Troy Laboratories PTY Ltd, Glendenning, New South Wales, Australia.
7Teuto, An�apolis, Goi�as, Brazil.
8Abbott Laboratories, North Chicago, Illinois, USA.
9Kruuse, Havretoften 4, Langeskov, Denmark.
10Covidien, Mansfield, Massachusetts, USA.
11MKATS International, General Trading LLC, Dubai, United Arab
Emirates.
12Hospira Inc, Lake Forest, Illinois, USA.
13X-Gen Pharmaceuticals Inc, New York, USA.
14Equidiet (UK) Ltd., Nettleton, Lincolnshire, UK

References
Bell, R.J. and Textor, J.A. (2010) Caecal intussusceptions in horses: a

New Zealand perspective. Aust. Vet. J. 88, 272-276.

Boussauw, B.H., Domingo, R., Wilderjans, H. and Picavet, T. (2001)
Treatment of irreducible caecocolic intussusception in horses by
jejuno(ileo)colostomy. Vet. Rec. 149, 16-18.

Cokelaere, S.M., Martens, A.M. and Wiemer, P. (2005) Laparoscopic
ovariectomy in mares using a polyamide tie-rap. Vet. Surg. 34, 651-
656.

Downs, C. and Rodgerson, D. (2011) The use of nylon cable ties to
repair rib fractures in neonatal foals. Can. Vet. J. 52, 307-309.

Edwards, G.B. (1986) Surgical management of intussusception in the
horse. Equine Vet. J. 18, 313-321.

Gaughan, E.M. and Hackett, R.P. (1990) Cecocolic intussusception in
horses: 11 cases (1979-1989). J. Am. Vet. Med. Ass. 197, 1373-1375.

Gofrit, O.N., Harlev, M., Rosenberg, S., Pode, D., Zorn, K.C., Shalhav,
A.L., Zamir, G. and Mintz, Y. (2010) Pure “cable-tie partial
nephrectomy”: a porcine model. Surg. Endosc. 24, 3229-3232.

Grapow, M.T., Melly, L.F., Eckstein, F.S. and Reuthebuch, O.T. (2012) A
new cable-tie based sternal closure system: description of the
device, technique of implantation and first clinical evaluation. J.
Cardiothorac. Surg. 7, 59.

Hubert, J.D., Hardy, J., Holcombe, S.J. and Moore, R.M. (2000) Cecal
amputation within the right ventral colon for surgical treatments of
nonreducible cecocolic intussusception in 8 horses. Vet. Surg. 29,
317-325.

Mair, T.S. and Smith, L.J. (2005) Survival and complication rates in 300
horses undergoing surgical treatment of colic. Part 1: short term
survival following a single laparotomy. Equine Vet. J. 37, 296-302.

Martin, B.B., Freeman, D.E., Ross, M.W., Richardson, D.W., Johnston, J.K.
and Orsini, J.A. (1999) Cecocolic and Cecocecal intussusception
in horses: 30 cases (1976-1996). J. Am. Vet. Med. Ass. 214, 80-84.

Robertson, J.R. and Johnson, F.M. (1980) Surgical correction of caeco-
colic intussusception in a horse. J. Am. Vet. Med. Ass. 176, 223-224.

© 2017 EVJ Ltd

258 EQUINE VETERINARY EDUCATION / AE / MAY 2018



Clinical Commentary

Caecocolic intussusceptions in horses
S. J. Holcombe* and T. R. Shearer

Department of Large Animal Clinical Sciences, College of Veterinary Medicine, Michigan State University, East
Lansing, Michigan, USA.
*Corresponding author email: holcomb6@cvm.msu.edu

Keywords: horse; caecum; colon; intussusception; celiotomy; Anoplocephala perfoliata

The mature horse caecum is a large, bulbous oral portion of
the large colon that is approximately 1.5 m long with a 40–
50 L capacity. Caecal circulation is provided by the medial
and lateral caecal arteries and veins that travel in the
medial and lateral caecal bands, respectively. The caecum
is responsible for water and electrolyte absorption and
microbial digestion. Four motility patterns coordinate digesta
mixing and propulsion of ingesta from the caecum through
the caecocolic orifice to the right ventral colon. Disruption
of these patterns due to inflammation, ischaemia, masses,
or parasitic infections may precipitate caecocolic
intussusceptions.

Caecocolic intussusception is an uncommon cause of
surgical colic in horses, cattle, people and dogs that occurs
when the caecum inverts through the caecocolic orifice into
the colon or specifically the right ventral colon in horses
(Guffy et al. 1970; Robertson and Johnson 1980; Constable
et al. 1997; Cochran et al. 2011). The pathogenesis is unclear
but theoretically the intussusception begins at the caecal
apex with progressive migration of the caecum telescoping
through the caecocolic orifice into the right ventral colon.
The intussusception may involve a portion or all of the
caecum and the ileocaecal junction. The aetiology is
speculative but includes tapeworm (Anoplocephala
perfoliata) infestation at the caecocolic orifice, ingestion of
organophosphates, caecal wall masses including abscesses
and tumours, vascular injury caused by Strongylus vulgaris
or Eimeria leukarti infections, and administration of
parasympathomimetic medications (Barclay et al. 1982;
Gaughan and Hackett 1990; Martin et al. 1999). The advent
of praziquantel, the anthelmintic effective against
A. perfoliata, coincided with the diminished incidence of
caecocolic intussusception, adding to the speculation that
A. perfoliata may be associated with caecocolic
intussusception occurrence (Barclay et al. 1982; Slocombe
et al. 2007). Tapeworm infestation was evident in 8 of 10
horses when the caecal base was examined in the study by
Gaughan and Hackett (1990). There is no sex predilection but
horses tend to be young, age ≤3 years, and Standardbred
horses were overrepresented in one study (Gaughan and
Hackett 1990; Martin et al. 1999) . Older horses may be
effected as described in the case report included in this issue
of caecocolic intussusception in a 12-year-old Arabian cross
gelding.

Clinical signs associated with caecocolic intussusception
include acute severe pain and cardiovascular compromise
prompting quick referral and surgical exploration, as
occurred in the case report published in this issue (de Bont
2018). Some horses exhibit more chronic clinical signs, mild to
moderate pain, diminished faecal output, poor appetite,

dehydration and weight loss (Hubert et al. 2000). The
intussusception may be palpated per rectum as a firm mass
in the right ventral abdomen. Percutaneous abdominal
ultrasonography may reveal a large target lesion at the right
mid to ventral abdomen (Fig 1). Peritoneal fluid could be
normal or abnormal and frequently the diagnosis of
caecocolic intussusception is made during emergency
celiotomy.

Treatment requires surgical correction under general
anaesthesia. Although the caecocolic orifice would be
accessible via a standing flank laparotomy, correction of
cecocolic intussusception using this surgical approach has
not been reported. Right flank laparotomy would provide
excellent access to the caecum and caecal base, however
a standard ventral midline celiotomy is typically performed to
ensure a full exploratory evaluation of the abdomen, as the
diagnosis is frequently made at celiotomy. At surgery,
the caecum is palpable within the right ventral colon. The
caecum within the right ventral colon can usually be partially
exteriorised from the abdomen (Fig 2). Palpation of the
caecocolic orifice reveals the invaginating caecum.
Reduction of the intussusception is performed by placing
traction on the caecal apex, with or without typhlectomy or
via colotomy through the lateral band of the right ventral
colon to facilitate reduction. When reduction is not possible
as occurred in the case presented by de Bont (2018),
colotomy through the lateral band of the right ventral colon
and partial typhlectomy is performed. Approximately 60% of
caecocolic intussusceptions were reducible (Martin et al.
1999; Hubert et al. 2000) while the remaining 40% required
typhlectomy through a colotomy incision. Depending on the
integrity of the ileum and ileocaecal junction, a jejuno or
ileocolostomy may be required to bypass a damaged
ileocaecal junction (Ward and Fubini 1994; Martin et al.
1999).

Reducing the caecocolic intussusception using manual
traction on the caecum is possible if the caecum is not too
engorged to fit through the caecocolic orifice. The surgeon’s
hand is advanced through the caecocolic orifice and the
lateral and/or medial bands of the caecal apex are grasped.
Gentle traction is applied for up to 10–20 min to reduce the
intussusception (Fig 3). An assistant may place pressure on
the caecum through the colon, gently squeezing and
pushing the caecum orally toward the caecocolic orifice.
Caution is advised as the caecum may rupture. If reduction is
successful, the viability of the caecum is assessed and, if
required, a typhlectomy is performed following ligation of the
medial and lateral caecal arteries and veins. If the caecum is
too engorged and cannot be manipulated through the
caecocolic orifice by traction, reduction may be attempted
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through a colotomy performed in the lateral band of the
right ventral colon, using the procedure described by de Bont
(2018). Abdominal contamination is concerning when a
colotomy incision is made through the lateral colonic band
to access the intussuscepted caecum within the right ventral
colon. The procedure described by de Bont (2018) effectively
limited contamination and contributed to the success of the
case. Alternatively, a large sterile plastic bag may be sutured
to the lateral band of the right ventral colon to contain
contamination during the colotomy and typhlectomy
procedures (Hubert et al. 2000). In the case report by de Bont
(2018), a 300 mm long 4.8 mm polyamide tie-wrap was
placed around the body of the caecum and tightened to
prevent leakage and provide haemostasis. Previous reports
suggest using a TA90 stapling device, 3 vicryl suture, or
umbilical tape to ligate the caecum prior to typhlectomy
(Hubert et al. 2000). The polyamide tie-wrap was an
ingenious idea, much simpler and less expensive compared
to alternatives, and easier to apply within the most oral
segment of the right ventral colon. Limiting contamination by

adequate draping during the colotomy and typhlectomy
and preventing leakage by sealing the caecum and over-
sewing the typhlectomy are essential components of a
successful procedure. Previous reports suggested that
opening the colon to reduce the caecocolic intussusception
or perform a typhlectomy was uniformly fatal (Gaughan and
Hackett 1990). Other reports suggest that long-term survival is
quite good following typhlectomy through a colotomy to
correct caecocolic intussusception (Robertson and Johnson
1980; Martin et al. 1999; Hubert et al. 2000). The case report
by de Bont (2018) describes a novel technique to minimise
contamination that is inherent during typhlectomy through a
colotomy to correct a caecocolic intussusception and may
be used effectively in future cases.
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Summary
Exercise testing can be useful to evaluate poor performance,
as a preventative medicine tool, and in the assessment of
training progression. A comprehensive exercise testing
protocol that simultaneously evaluates common causes of
poor performance has not been described in reining horses.
The objective of this study was to describe the results of a
standardised exercise testing protocol in reining horses.
Seventeen reining horses that were part of a western
performance intercollegiate team and had met the trainer’s
expectations during the athletic season were evaluated using
a comprehensive standardised exercise test. Systems
assessed included musculoskeletal system, upper respiratory
tract, lower respiratory tract and cardiovascular system. These
systems were assessed by means of historical questionnaires,
general physical examinations, subjective lameness
examinations, gait analysis using digital body mounted inertial
sensors, resting and dynamic upper airway endoscopy,
bronchoalveolar lavage fluid cytology, echocardiograms,
resting and exercising electrocardiography, and laboratory
tests (packed cell volume, lactate, creatine kinase and serum
amyloid A). Subclinical abnormalities were detected
frequently. The musculoskeletal system was the most
commonly affected system, but cardiovascular and upper and
lower airway abnormalities were also detected in some horses.
These results suggest that exercise tests may be useful to
detect subclinical abnormalities in horses used for reining.
Further evaluation of both normally and poorly performing
horses is necessary to determine if exercise testing can
improve the health, performance and welfare of horses used
for reining.

Introduction

Exercise testing can be useful to evaluate poor performance,
optimise training or as part of preventative medicine
programmes aimed to decrease injury occurrence in sport
horses (Allen et al. 2016). There are few studies reporting
exercise testing in western performance horses and these
describe specific aspects such as acid base alterations
(Brito et al. 2014), changes in muscle enzyme activities
(Caiado et al. 2011), response to different feeding
(Rammerstorfer et al. 2001) or training (Webb et al. 1988)
regimes, and heat acclimation (Rammerstorfer et al. 1998).
Musculoskeletal disease is the most common cause of poor
performance in horses including western disciplines
(Dabareiner et al. 2005) but it has been demonstrated that in
most poorly performing horses, several problems are

simultaneously involved (Morris and Seeherman 1991; Martin
et al. 2000; Fraipont et al. 2011). For this reason,
comprehensive standardised exercise tests (SETs) that evaluate
fitness and all body systems potentially involved in poor
performance, have been suggested as useful diagnostic aids
(Allen et al. 2016).

Cardiovascular disease is a less common cause of poor
performance than musculoskeletal or respiratory disease
(Martin et al. 2000). The field of exercising arrhythmias,
however, deserves attention. The presence of arrhythmias or
rhythm variations is common in equine athletes (Ryan et al.
2005; Barbesgaard et al. 2010; Buhl et al. 2010) and this topic
has been recently reviewed (Navas de Solis 2016). Collapse
and sudden death can affect not only the health of the
horse, but also the public perception of welfare during
equestrian sports and, most importantly, the safety of riders.
The incidence of malignant arrhythmias causing collapse or
sudden death is fortunately low (Lyle et al. 2012) but
interestingly, it is likely to be disproportionately higher in horses
than in analogous human athletes (Maron and Pelliccia
2006). A recent expert consensus about cardiovascular
disease in equine athletes (Reef et al. 2014) recognises that
investigation is needed to determine the relevance of
cardiac arrhythmias and its relationship to sudden death. This
consensus also recommends ‘refining exercise testing for
specific sports’. The study described here follows these
recommendations.

This study was designed to gain information about the
feasibility and results of an exercise testing protocol designed
for western performance horses used for reining. The study
objective was to describe the normal findings and different
abnormalities detected using a SET in reining horses as part of
a western intercollegiate riding team. A comprehensive
exercise testing protocol for use in reining horses has not
been previously described. A protocol such as that described
here could be recreated to assess poor performance or be
used as a preventative medicine tool for reining horses. In
addition, these results will allow practitioners to have a
reference population when evaluating results of exercising
testing in reining horses.

Materials and methods

A SET was developed to prospectively obtain data from
reining horses that were part of an intercollegiate
equestrian team. Horses met inclusion criteria if they had
been used for reining in the previous collegiate season,
were capable of performing a SET and were performing up
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to the expectations of the trainer at the time of the
examination. All examinations were performed between 25
and 29 April 2016. Ambient temperature during exercise
was 26–31°C and average humidity was 74%. Horses were
ridden in an 80 9 50 m dirt arena by their usual equestrian
team riders. Approval from the Texas A&M Institutional
Animal Care and Use Committee was obtained (IACUC
2016-0077).

The SET protocol included: historical questionnaire
(Supplementary Item 1), physical examination, subjective gait
evaluation, objective gait analysis (Lameness Locator)1, resting
and dynamic upper airway endoscopy, bronchoalveolar
lavage fluid (BALF) cytology, echocardiogram, resting and
exercising electrocardiography (ECG), measurement of blood
lactate concentration (Lactate Scout)2, packed cell volume
(PCV), heart rate (HR), respiratory rate (RR), sweat response
during exercise, measurements of creatine kinase (CK; Vitros
4600)3 before and 4–6 h after exercise, resting plasma
electrolytes (Nova Biomedical Stat Profile prime)4 and serum
amyloid A (StableLab EQ-1)5. An exercise routine modified from
a previously reported study (Haney 1998) was used and the
timeline of the protocol is described below. The total duration of
the test was approximately 30 min.
• HR, RR, temperature and blood lactate were measured at

rest.
○ Walk for 5 min and trot for 5 min.
○ Lope for 5 min to the left and gallop for 1 min to the

left, lope for 5 min to the right and gallop for 1 min to
the right.

• Blood lactate was measured immediately after horses
stopped and horses were walked for 1 min.

○ Four sets of four spins with horses walked for 1 min
between sets.

• Blood lactate was measured immediately after horses
stopped and horses were walked for 1 min.

○ Two sets of two stops with 80 m gallop between stops
and horses were walked for 1 min between sets.

• Blood lactate, PCV and RR measured immediately after
horses stopped.

○ Horses were walked for 10 min.

• Temperature and sweating described and HR recorded.

Subjective gait evaluation and objective gait analysis
were obtained prior to the exercise test by a single observer.
Horses were evaluated in a straight line on synthetic pavers
and in 10 m circles in both directions on firm packed dirt.
Lameness in each affected limb was graded according to
the AAEP lameness scale.

Exercising upper airway endoscopy was performed with a
halter mounted dynamic endoscope (Tele-View model TV-
505)6. Recording began as each horse began to lope and
was discontinued at the beginning of the final 10-min walk.
Recordings were reviewed and abnormalities recorded by a
single nonblinded observer.

Scoring of tracheal mucus and determination of
presence of blood in the airway was performed 30–60 min
after exercise with a 1.5 m endoscope. Tracheal mucus was
evaluated as previously described (Cou€etil et al. 2016) and a
score >1 was considered abnormal. Bronchoalveolar lavage
was performed 30–60 min after finishing the gallop using a

3 m Bivona tube passed blindly into the airway until wedged.
The balloon was inflated and 250 mL of 0.9% NaCl used to
lavage the lower airways. Each horse was sedated with
xylazine (approximately 0.4 mg/kg i.v., Rompun7) and
butorphanol (approximately 0.01 mg/kg i.v., Dolorex8).
Bronchoalveolar lavage fluid cytology was considered
abnormal if >10% neutrophils, >5% mast cells or >5%
eosinophils were detected (Cou€etil et al. 2016).

The cardiac rhythm was recorded throughout exercise
with a digital telemetry unit (Televet)9. Electrodes (Phillips
M2202A)10 were placed in a modified base-apex fashion with
two electrodes just in front of the saddle and two caudal to
the girth near the ventral midline. Electrodes were secured
with glue (Medical Adhesive)11. Each R-R interval was
analysed manually and with electronic calipers by a single
investigator. The investigator was nonblinded to the horse
and analysis was performed before endoscopy and BALF
results were obtained and with the investigator unaware of
lameness examination results. Arrhythmias were defined as
previously reported (Buhl et al. 2010) and if a depolarisation
fitting the description of a supraventricular premature
complex (SVPC) occurred during prominent waxing and
waning of the rate, it was instead classified as a sinus
arrhythmia. Standard 2D, M-mode and colour Doppler
echocardiographic images were obtained by one
nonblinded investigator before exercise using portable
ultrasound equipment (MyLab 30Gold)12 with a 2–3.5 mHz
phased array probe using previously reported windows and
measurements (Buhl et al. 2005). If valvular regurgitation was
observed, it was graded as: clinically insignificant, mild,
moderate or severe according to the size of the jet and the
haemodynamic consequences. The sweating response was
categorised as absent, mild (damp hair coat in the neck),
moderate (abundant sweat in localised areas such as neck
and between hind quarters) or full sweat (soaked or dripping
hair coat in all or most body surfaces). Data were reported
descriptively. When summary statistics were reported, means
and s.d. were used to describe data following a normal
distribution, and median and ranges are used to describe
data that are not normally distributed.

Results

Sixteen horses completed the study protocol and one horse
was withdrawn after the musculoskeletal examination due
to severe (grade 4) lameness. There were 12 geldings, four
mares, and one stallion of age 10 � 3 years. Fifteen
participants were Quarter Horses and two were Paints.
Responses to historical questionnaires were heterogeneous
and reflected that horses had competed four or five times
during the spring season. Horses were performing up to
expectations at the time of examination but in 13 horses,
musculoskeletal problems had been diagnosed during the
season. Twelve horses were ridden 5 days/week, two horses
were ridden 4 days/week and two horses were ridden
2 days/week. In all horses, riding sessions were
approximately one hour in duration. General physical
examination at rest was normal in all horses with the
exception of one horse that had a 2/6 holosystolic band
shaped and coarse murmur with the point of maximal
intensity over the mitral valve area. Resting plasma
electrolytes and serum amyloid A (reference range 0–
20 mg/L) concentration were normal in all horses.
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There was agreement between subjective lameness
findings and objective gait analysis. All horses had some
degree of lameness in a straight line. All horses had forelimb
lameness, of which eight limbs were grade 1 lame, five limbs
were grade 2 lame, and seven limbs were grade 3 lame. Two
horses had bilateral forelimb lameness of grade 1 on each,
and one horse had bilateral forelimb lameness of grade 1 on
one and grade 2 on the other limb. All horses had hindlimb
lameness, of which three limbs were grade 1 lame, eight
limbs were grade 2 lame and seven limbs were grade 3
lame. One horse was bilaterally hindlimb lame, with one limb
grade 1 and the other limb grade 2. The worst lameness in
six horses was a grade 2, and in 11 horses a grade 3. Seven
horses had the most severe lameness in the hind end, four
horses had the most severe lameness in the forelimb, and six
horses had a front limb and a hind limb that were of the
same lameness grade (3 horses grade 2 lame on both; 3
horses grade 3 lame on both).

There was no historical suggestion of upper airway
abnormalities reported by the trainers (i.e. exercise
intolerance or upper respiratory noise). Fourteen horses had
dynamic endoscopy performed, but two horses resisted
exercising with the endoscope and this was removed before
completion of the test. In two horses, dynamic endoscopy
was not attempted because the trainer did not consider it
safe due to the horses’ character. Three horses developed
mild unilateral epistaxis during placement of the endoscope
that resolved spontaneously during or shortly after exercise.
Four horses had dynamic airway obstruction and one had
static obstruction. Three horses showed dynamic laryngeal
collapse (dynamic Grade B) secondary to left recurrent
laryngeal neuropathy during maximal exercise and one horse
showed dynamic pharyngeal collapse (rostral billowing of the
soft palate). One horse showed a mild static obstruction due
to nasopharyngeal cicatrix.

Results of BALF and tracheal mucus scores are displayed
in Table 1. There was no blood detected in the trachea after
the exercise test in any case or evidence of EIPH in BALF.
Results of echocardiographic measurements are described in
Supplementary Item 2. In one horse, mild mitral regurgitation
was diagnosed (horse with systolic murmur) and in all other
cases no significant cardiac disease was detected.

Summary statistics for HR, RR, temperature, PCV, CK and
lactate are described in Table 2. The heart rate and lactate
concentration increased during exercise, as expected, and
were highest after sets of sliding stops. CK was higher 4–6 h
after exercise than at rest in all horses. In one horse, the
resting CK activity was high (947 l/L; reference range 73–450
l/L) and increased to 6433 l/L after exercise evidencing the
present of a myopathy. This horse subsequently tested

positive for GYS1 gene mutation and PSSM was diagnosed.
Supplementary Item 3 shows the linear progression of HR in
one horse during the exercise test and the immediate pre-
and post-exercise periods. One horse had one ventricular
premature complex (VPC) immediately after galloping, one
horse had one ventricular premature complex immediately
after a stop (Fig 1), one horse had two single SVPCs before
exercise and one horse had a total of 15 single SVPCs during
periods of fast HR deceleration after stops. Six horses had
intermittent second degree AV block at rest and six
intermittent sinus arrhythmias at rest or immediately after
exercise. Five horses had sinus pauses during fast HR
deceleration. There was an increase in the baseline artefact
during stops (Fig 1) and spins (Fig 2) in all instances but the R-
R interval and QRS morphology was identifiable and all
recordings were considered diagnostic. Sweat response was
assessed as full in five cases, moderate in nine cases and
mild in two cases.

Discussion

The SET protocol was completed without significant
complications in all horses but one horse was removed from
the study due to the severe degree of lameness before the
ridden portion was performed. The dynamic upper airway
endoscopy was the only part not tolerated by all horses.
Horses in this study were a distinct subset that had been
donated to the University Equestrian Team most commonly
for reasons related to musculoskeletal disease or behaviour
and this explains the prevalence of lameness. It is common,
however, that athletes compete with musculoskeletal
problems managed with various therapies. Lameness was
detected by a specialist and using body mounted inertial
sensor but was unlikely to be detectable by the untrained
eye in many cases. With the exception of one horse, horses
were considered to be able to exercise without their welfare
being compromised and lameness was not obvious during
ridden work. The results of the lameness evaluation provided
information for monitoring to identify areas of concern that
may need to be further evaluated and treated.

TABLE 1: Tracheal mucus score and cytology of bronchoalveolar
lavage fluid obtained after exercise tests in reining horses

Median Range

Tracheal mucus (score) 0 0–3
Neutrophils (%) 4 2–16
Eosinophils (%) 3 1–7
Mast cells (%) 0 0–5
Macrophages (%) 57.5 32–76
Lymphocytes (%) 35.5 9–65

TABLE 2: Heart rate (HR), respiratory rate (RR), lactate, packed
cell volume (PCV) and creatine kinase (CK) of reining horses
during and after an exercise test

Mean s.d.

HR/lactate rest (bpm/mmol/L) 32/0.54 2.8/0.1
HR walk (bpm) 62 7.6
HR trot (bpm) 103 14
HR lope (bpm) 131 11
HR/lactate gallop (bpm/mmol/L) 162/1.8 18/0.8
HR/lactate spins (bpm/mmol/L) 104/1.1 12/0.5
HR/lactate stops (bpm/mmol/L) 176/2.7 14/1.5
HR 10 min after exercise (bpm) 47 7
RR rest (breaths/min) 20 11.5
RR after exercise (breaths/min) 64 6
PCV rest (%) 36.3 3.3
PCV after exercise (%) 40.5 5
CK rest (iu/L) 211 196
CK 4–6 h (iu/L) 174* 124–6433#
CK 4–6 h – CK rest (iu/L) 37* 0–5486#

bpm = beats/min.
The values marked with * correspond to median and # to ranges.
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Upper respiratory tract dysfunction is a major cause of
exercise intolerance. In Thoroughbred racehorses, the
incidence of dynamic obstructions ranges from 23 to 78%
(Lane et al. 2006; Desmaizieres et al. 2009) and common
upper respiratory abnormalities include axial deviation of the
aryepiglottic folds (6–40%), abnormal laryngeal function (9–
33%), dorsal displacement of the soft palate (25–50%), and
palatal instability (33%) (Lane et al. 2006; Pollock et al. 2009).
The prevalence of dynamic obstructions observed in this
population of horses is low compared to that reported in
Thoroughbred racehorses and perhaps a more strenuous
exercise protocol would have identified additional
abnormalities. The most common abnormality observed was
laryngeal asymmetry and this is consistent with other breeds
of horses. Importantly, none of the horses in this study had a
complaint of exercise intolerance or respiratory noise and
results represent the prevalence of incidental and subclinical
functional respiratory abnormalities in this population of
reining horses.

The cytological profile of BALF showed an inflammatory
response in three horses, using a fairly exclusive definition,
and two horses had an increased amount of mucus in the
trachea. An increased amount of tracheal mucus is
associated with poor performance in racehorses (Holcombe
et al. 2006) and reduced willingness to perform in sports
horses (Widmer et al. 2009). When asked prospectively,
signs associated with lower respiratory disease were not
reported but when trainers were asked retrospectively, two
of the horses with lower airway inflammation or increased
mucus were reported to cough. The cytological results
obtained are similar to those reported in sport horses
(Gerber et al. 2003) and pleasure horses (Robinson et al.
2006) without signs of poor performance.

To the best of our knowledge, ECGs during a reining test
have not been previously described. This study shows that
diagnostic ECG can be obtained during reining manoeuvres.

The rare presence of exercising arrhythmias contrasts with the
higher prevalence reported in horses of other disciplines
(Ryan et al. 2005; Barbesgaard et al. 2010; Buhl et al. 2010)
and arrhythmias observed in the study group are unlikely to
be of clinical relevance. Arrhythmias during and after
exercise can be more common in horses exercising at higher
intensities (Ryan et al. 2005) and the moderate level of
exercise performed in these horses could partially explain the
differences when compared to racehorses. However, the
frequency of arrhythmias was also less when compared to
studies in which showjumpers and dressage horses performed
exercise tests with similar or lower HRs than the ones obtained
in this study using the same arrhythmia definition
(Barbesgaard et al. 2010; Buhl et al. 2010). It is possible that
there are breed differences, differences due to the particular
exercise tests or that a higher intensity test would have
yielded different results.

The changes in laboratory tests provide baseline data
to evaluate groups performing at similar levels. In contrast,
the previously described routines can be used in horses
exercising at higher intensities (Webb et al. 1988;
Rammerstorfer et al. 2001). The outlier found in post-exercise
CK plasma concentration underscores the potential utility of
exercise tests in performance horses. This horse subsequently
tested positive for GYS1 mutation evidencing
polysaccharide storage myopathy. It is plausible that the
diagnosis of a subclinical myopathy in this horse and
implementation of exercise and diet changes will help
prevent further episodes of rhabdomyolysis. Similarly, it can
be speculated that managing the environment to reduce
the exposure to airborne particles, awareness of cardiac
disease in one horse with mitral regurgitation, or of upper
airway disease in four horses, could help riders and trainers
recognise early signs of progression before these subclinical
problems become severe and affect performance, health
or welfare.
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Fig 1: Modified base-apex ECG during sliding stops in a reining horse. Note the premaure QRS complex (black arrow) with aberrant
morphology and followed by a compensatory pause (black segment) consitent with a VPC. Note the baseline artifact during the sliding
stop (red segment).
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Fig 2: Modified base-apex ECG during spins in a reining horse. Note the baseline artifact during the spins (black segment).
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The main limitations of the study include the small group
size and the impossibility to define these horses as normal
due to the frequent presence of musculoskeletal disease.
The small size of the group hinders statistical analysis of
associations between the different diagnoses and variables
suggested to be markers of disease, such as exercising HR
or lactate. Studying larger groups of well performing horses
of different levels would be needed to obtain this
information. This study group has the above described
peculiarities that may not be easy to extrapolate to other
populations. Horses used for reining in collegiate sports are
typically not high level athletes. Collegiate riding horses are
subject to a blind draw during competitions and are ridden
multiple times on a day. Many of the riders have never
ridden that individual horse, which negates the conventional
horse/rider paradigm. Both of the competing collegiate
teams ride the same horses and the quality of the ride is the
focus of the sport. There are very few analogous equestrian
sports by which to compare. The SET performed in this study
is, however, analogous to the effort performed during lower
level competitions.

In conclusion, the current study shows the feasibility of a
SET in reining horses and describes the results in normally
performing low level reining horses. Future studies are
needed to define whether this protocol can be successfully
used to diagnose and manage horses with poor
performance and improve the health and welfare of
reining horses.
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Summary
This paper assesses whether cloning horses is ethical by
reviewing ethical arguments against cloning of nonequine
species and determining whether they apply to horses,
analysing ethical arguments about horse cloning which do
not apply to noncompetitive species and considering the
ethical dilemmas faced by veterinarians involved in horse
cloning. The author concludes that concerns about the health
and welfare of cloned horses render the technique ethically
problematic and that the onus is on those providing
commercial equine cloning services to collate data and
provide a stronger evidence base for ethical decision-
making.

Introduction

Somatic cell nuclear transfer (SCNT) or ‘cloning’ is currently
being offered as a commercial method of horse reproduction
in countries including the European Union, the United States,
Australia, New Zealand and South America (Hinrichs 2005,
2006; Herrera 2015; Hinrichs and Choi 2015). In 2012, it was
estimated that there were 100–200 cloned horses worldwide
(Hinrichs 2012). It is likely that the number of cloned horses
being born per year is small. Herrera (2015) reported that 20
viable cloned foals had been produced over 4 years in South
America, whilst Reis (2015) estimated that 2–5 cloned foals
per year are born in Europe.

Cloning is not allowed by international studbooks
registering racing Thoroughbreds. The American Quarter
Horse Association is another notable example of a studbook
which refuses to register clones (http://www.latimes.com/
nation/la-na-cloned-horses-20150314-story.html). Studbooks
which will register clones include the majority of Warmblood
stud books and the World Breeding Federation for Sport
Horses. It is probable that cloning has been used in horses
of various breeds being used for the disciplines regulated
by the Federation Equestrian Internationale (FEI), although
the FEI does not have data on which horses competing
under FEI Regulations are clones (G. Akerstrom, personal
communication).

Reasons why owners choose to clone horses include the
production from a competitively successful castrated male
animal of an entire male clone which can be used for
breeding, the attempted ‘recreation’ of a favourite animal
and attempted duplication of a successful competition
horse.

Cloning of any species of animal is ethically contentious
(Nolen 2007). In 2012 the FEI changed its rules to allow clones
and offspring of clones to compete. However, the European
Commission in December 2013 tabled proposals to ban the
use of the cloning technique in the EU for farm animals and

the import of such animal clones (IP/13/1269 18/12/2013). The
proposals of the European Commission included horses used
for agricultural production purposes, but allowed derogations
for ‘. . .animals kept and reproduced exclusively for other
purposes such as research, the production of medicinal
products and medical devices, the preservation of rare
breeds or endangered species, sporting and cultural events’,
which effectively excluded horses used for purposes other
than agricultural production from the proposed ban on
cloning. In October 2015, the European Parliament amended
the European Commission’s proposal, to remove the
derogation from the ban for sporting and cultural events
(Amendment 30: http://www.europarl.europa.eu/sides/
getDoc.do?type=TA&language=EN&reference=P8-TA-2015-
0285). This means that should the European Parliament’s
amendments be agreed in regulation negotiations with the
European Council, cloning of all horses except those of
endangered breeds for which no other method of
reproduction can be used will be banned in the EU.
However, cloning of horses for all purposes will continue to be
allowed in many other countries.

Against this rather incoherent legislative background, the
aim of this article is to determine whether there are
convincing ethical arguments for banning cloning of horses. It
first reviews general ethical arguments against the cloning of
animals of all species and analyses whether they apply to
horses. Are arguments against cloning of other species
convincing? If so, should they apply to horses, or is there
something different about cloning horses which could make
cloning horses ethical even if cloning other animals is not so?
Secondly, the article considers whether there are any ethical
arguments against cloning which apply to horses but not to
other species, for example, arguments about sporting ethics.
Finally, ethical dilemmas which might face veterinarians who
are asked by their clients to become involved in equine
cloning are presented.

Food safety concerns

In parts of Europe, although not commonly in the UK, horses
are eaten. The initial debate within the European Union
about cloning of farm animals incorporated concern about
the possible health effects on man of eating cloned animals
and their products. Were these concerns justified and do they
apply to horses?

There is undoubtedly public concern about the health
implications of consuming clones or their products (Anon
2008a,b, Aizaki et al. 2011). Scientific evidence suggests that
such concerns are unfounded (Anon 2008b, 2009a, 2010,
2012a). Although this evidence relates to ruminants rather
than to horses, it is hard to see why health risks in man
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should be associated with eating cloned horsemeat when
there are none associated with eating cloned meat derived
from other species. The European Commission has indicated
that a ban on cloning food-producing animals is not justified
on food safety grounds (Anon 2012a) and there is no
evidence that this does not apply to horses as well as
ruminants.

In the USA, Argentina and Brazil, unlabelled cloned
animals and their products are now allowed in the food
chain and can be exported (Anon 2012b). Cloned meat is
primarily beef, but no data is available on the consumption
of cloned horsemeat. Some consumers feel that it is unethical
to clone animals even if eating cloned produce is safe (see
below). Cloned meat entering the food chain unlabelled
does therefore raise an ethical issue about transparency,
relating to consumers’ rights to know what they are eating.
This would apply equally to horsemeat or other types of meat
being produced by cloning.

Is cloning animals simply morally wrong?

There is undeniably something fundamentally different about
cloning compared with all other assisted reproductive
techniques (ARTs), since cloning aims to reproduce an
existing animal, whereas all other ARTs aim to produce a
novel animal. The idea that there is something fundamentally
wrong with cloning, that it is somehow beyond the realms of
moral acceptability, pervades the literature on cloning in
man (Shapiro 1996; Petersen 2002) and is often expressed as
‘an affront to human dignity’. Such concerns are voiced
even in institutional documents (Harris 1997) such as the
Oviedo Convention for the Protection of Human Rights and
Dignity of the Human Being with regard to the Application of
Biology and Medicine (Harris 1997) and the Report of the
President’s Council on Bioethics: Human Cloning and Human
Dignity (2002). These concerns quite probably do reflect
public sentiment, but are poorly defined (Harris 1997;
Savulescu 2005; Simpson 2007).

Interestingly, there is a similarly poorly defined public
repugnance with the concept of cloning animals, which
might be characterised as an ‘affront to the animal’s dignity’.
Thus one investigation into public attitudes to animal cloning
(Gjerris et al. 2006) found that ‘moral assessment is the most
important factor behind the level of support’; that people
were concerned about ‘violation of the integrity of animals
that cloning might constitute’ and that ‘cloning, seems to
cross an invisible border between the natural and the
unnatural’. In the 2008 Eurobarometer survey (Anon 2008a,b),
61% of respondents thought that animal cloning was ‘morally
wrong’ and 38% said that animal cloning was unethical on
moral grounds, whatever the potential benefits in medical or
food production terms.

Such moral objections to cloning would apply equally to
all food-producing animals, including horses. Yet these moral
objections are no better defined for animals than they are for
man. Most ARTs violate nature, yet the public seem only
really to object to cloning: embryo transfer; artificial
insemination and IVF do not inspire a similarly visceral
response. Gjerris et al. (2006) suggests that this is because
‘although the concept of naturalness leaves many questions
to be answered, it is (undoubtedly) contradicted by the
asexual character of reproduction by cloning’. Certainly,
although asexual reproduction does occur in nature, asexual

reproduction of farm animals at least (for which the most
data on public opinion exists) does not.

Whilst public unease about animal cloning based on ill-
defined notions of ‘dignity’ undeniably exists, such unease is
not necessarily a strong ethical reason to ban cloning, either
of horses or of any other species. ‘..moral gut responses may
be morally admirable but they may also be morally wrong’
(Anon 2009b). Whilst the concept of (inviolable) human
dignity pervades religion, medicine and law, there is no proof
that animals themselves have any concept of ‘dignity’.1 We
might consider that there is nothing dignified about an
animal kept under an intensive farming system being used for
medical research, or being carried in Paris Hilton’s handbag,
but an ‘affront to dignity’ seems a weak ethical reason for
objecting to any of these practices, all of which can
legitimately be objected to for other stronger reasons relating
to failure to meet an animal’s welfare needs.

Cloning for conservation

The draft legislation to ban cloning of farm animals proposed
by the European Commission in 2013 and amended by the
European Parliament in 2015 includes exceptions for the
conservation of rare breeds and endangered species. Where
animal numbers are small and animals are wild or semi-feral,
making the application of invasive ARTs difficult, cloning may
provide a method of preserving rare genetic material and
promoting biodiversity (Anon 2009c; Yang et al. 2010). Might
cloning of horses to preserve rare breeds, for example in the
face of an outbreak of fatal exotic disease, such as African
horse sickness, be ethically justifiable even if cloning for other,
competitive or sentimental purposes was considered
unethical?

The welfare costs of cloning are discussed in the next
section. These costs to individual animals are independent of
the reason(s) for undertaking cloning. Any ethical justification
for allowing cloning to facilitate conservation would therefore
have to be based in a cost:benefit argument that any costs
to individual animals are outweighed by a perceived benefit
of preserving the species. Yet is there an absolute benefit in
species preservation? Is biodiversity necessarily a good thing?
Is the loss of some species (or in the case of horses, breeds)
not simply a normal Darwinian mechanism?

The consequences of cloning to increase or preserve
biodiversity could themselves have ethical implications;
cloning a woolly mammoth, for example, is now feasible, but
the consequences in terms of impact on the environment,
habitat, other animals and on the welfare of the animal itself
(reintroduced to an environment so different from the one
which its species last inhabited) are unknown. Whilst it may
seem a subjective shame to lose some of the equine rare
breeds, the argument that they perform an environmental
function which no other breed can do is tenuous. Indeed the
environmental function of some rare breeds, such as the
Suffolk Punch, has decreased significantly with the
mechanisation of agriculture. Even the management of
moorlands, to which the rare breed of Exmoor ponies, for
example, make a significant contribution, can nowadays be
undertaken by other methods. Thus, although governments
may face legal obligations under the United Nations

1

Animals’ needs to express normal behaviours (an interest
which should be respected) might be analogous to ‘dignity’
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Convention on Biological Diversity (1992) to promote
biodiversity, the ethical imperative to do so by subjugating
the welfare of individual animals to the desire to preserve an
equine breed is unconvincing.

Are there welfare-based reasons which make
animal cloning unethical?

Current cloning techniques result in recognised welfare
problems (Renard et al. 2001; Houdebine et al. 2008; Anon
2012b; Kim et al. 2012, 2014). Problems associated with
cloning across a variety species, but particularly cattle,
include placental abnormalities during pregnancy, fetal
abnormalities, dystocia related to ‘large offspring syndrome’
in farm animals, neonatal weakness/disease, systemic illness/
disease in cloned animals and premature ageing of adult
clones (Kuhholzer-Cabot and Brem 2002; Chavatte-Palmer
et al. 2003; Loi et al. 2006; Arnold et al. 2008; Houdebine
et al. 2008; Jang et al. 2010; Anon 2012b).

One of the prime factors behind the European
Commission’s decision in late 2013 to propose a ban on the
cloning of food animals (http://europa.eu/rapid/press-
release_IP-13-1269_en.htm. Accessed 20.03.14) and the
recent European Parliament decision to extend that ban
(Anon 2015) is the fact that farm animal cloning is viewed as
a risk to animal welfare (Gamborg et al. 2005). This was
made clear by Renate Sommer, German MEP, who stated
that the prohibition was based in concerns about ‘the
negative effects on animal welfare’ and that ‘prohibiting
cloning is a matter of European values and principles’ (Anon
2015). If concerns about the health and welfare of clones
and their dams provide a convincing ethical argument
against cloning of farm animals, does the same argument
apply to horses?

Data about the health and welfare of equine clones is
comparatively lacking. Only the groups led by Katrin Hinrichs
in the USA (Hinrichs 2006; Johnson et al. 2010) and Cesare
Galli in Italy (Galli et al. 2003; Lagutina et al. 2005) have
published data on their success rates and on problems
associated with current cloning techniques. These data are
reviewed in the next few paragraphs.

Embryo loss in equine cloning
Hinrich’s group (Johnson et al. 2010) reported that 26% of
cloned embryos transferred by them resulted in the birth of a
live foal, whereas Galli and coworkers reported that three live
foals resulted from transfers of more than 100 cloned embryos
(Galli et al. 2003; Lagutina et al. 2005). In a retrospective
study of all nuclear transfer derived embryos at Texas A&M
University from 2004 to 2007, Johnson et al. (2010) found that
81% of oocytes which had been subjected to nuclear transfer
cleaved after activation. Of those cleaved embryos, 5%
developed to blastocyst stage. A total of 51% of those
blastocysts, having been transferred, resulted in the
establishment of pregnancy in the recipient mare, as
determined by ultrasonography at 11–16 days post ovulation.

Fetal abnormalities
The only data available on fetal losses and abnormalities
comes from Hinrich’s group (Johnson et al. 2010). A total of
six pregnancies were lost between 3 and 9 months of
gestation and one recipient mare developed a neurological
condition and was subjected to euthanasia. The cause of the

neurological condition was not discovered and her fetus was
normal. A total of three fetuses were aborted between 5 and
9 months; one had no abnormalities, one had no detectable
abnormalities (it had been scavenged) and one had an
umbilical hernia (omphalocoele). One foal was born
prematurely and died.

Dystocia
Data about dystocias in horses is also sparse. Johnson et al.
(2010) reported that one mare had a dystocia which
required caesarean section at full-term and a dead foal with
severe contraction of the forelimbs and an omphalocoele
was delivered. A total of 14 of 31 mares which were pregnant
between 11 and 16 days post ovulation delivered live foals
and 13 were born at normal gestational length. None was
oversized or overweight in comparison to the mare and all
mares had uncomplicated foalings. One had a prolonged
gestation, but was nonetheless born small and underweight;
however, at a year of age, its weight was comparable to
that of the other surviving foals.

Neonatal health
In the study of Johnson et al. (2010), two foals had signs of
hypoxic ischaemic encephalopathy at birth, but recovered
with treatment. Two foals died shortly after birth, one from
pneumonia and one following anaesthetic complications
during an attempt to surgically correct a perceived bladder
abnormality. A total of 7 of 14 foals required administration of
supplementary oxygen for >12 h after birth, one for 15 days.
All foals were treated as ‘high risk’ and given antibiotics after
birth. A total of 8 of 14 foals required antibiotics for more than
5 days. Half of the foals had some form of umbilical
abnormality, 8/14 had some form of flexural or angular limb
deformity (all corrected by 6 months) and 2/14 exhibited
incomplete ossification of the cuboidal bones. On average,
foals required 8.5 days of intensive care following birth. Those
which survived a week grew and developed normally
thereafter, apart from one foal which required two surgeries
to remove uroliths (bladder stones). Of the three foals
produced by Galli and coworkers (Galli et al. 2003; Lagutina
et al. 2005), one died from septicaemia and the other two
were reported as being healthy.

It is clear that the evidence base about health and
welfare issues associated with cloning using SCNT is much less
robust for horses than for farm animal species. The broad
summary from the little data available seems to be that
equine cloning is associated with high rates of embryonic
loss; some incidence of fetal abnormalities (although this
appears to be lower than that recorded in farm animals) and
a requirement for neonatal intensive care. In contrast to farm
animals, dystocia attributable to oversized fetal clones does
not seem to be a significant problem in horses. Similarly, the
problems of hydrops of the fetal membranes which occur in
cloned cattle seem not to occur in mares, possibly due to
differences in placentation. It is difficult to know whether
some abnormalities in neonatal and foal clones, for example
limb deformities, are truly attributable to the cloning process,
because such problems are not uncommon in foals anyway.
To date, there have been no long-term studies on the health
and welfare of cloned horses.

Further research is clearly needed to increase the
evidence base on the short, medium and long-term health
and welfare effects of equine cloning. Until such evidence is
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available, one could argue that, following the precautionary
principle, cloning horses is unethical on welfare grounds,
since it seems that there are more problems associated with
embryos, fetuses and foals created using SCNT than there are
with foals conceived using other equine ARTs.

The caveat to this ethical argument is that many of the
problems associated with cloning (in all species) are probably
related to technique, particularly in vitro culture conditions
(van Wagtendonk-de Leeuw et al. 2000). Interestingly, culture
conditions which cause large offspring syndrome and
abnormal clone phenotype in ruminants, seem not to have
the same effects when used for nonruminant embryos (Hill
2014). No data is currently available about any possible
correlation between SCNT techniques and particular
problems in horses, but it seems reasonable to expect that in
horses, as in other species, problems are likely to diminish as
techniques improve (Hinrichs and Choi 2015). Paradoxically,
techniques will not improve unless cloning continues. This is an
argument if equine cloning is to continue to be allowed for
those clinics undertaking equine cloning to undertake
anonymised and collated reporting on the health and welfare
of equine clones at all stages of their lives. Given the small
numbers involved, such reporting could operate on a
voluntary basis in the equine sector, with due attention to
client confidentiality and commercial sensitivities. In order to
acquire data about medium and long-term effects, owner
cooperation would be required. Collated reporting would
increase the evidence base about health and welfare issues
experienced by equine clones and, importantly, any
correlation between technique and such problems. Such
evidence would simultaneously make it much easier to judge
whether on welfare grounds equine cloning is or is not
currently ethical and provide an evidence base for improving
technique so as to minimise negative effects in future.

Cloning and sporting ethics

Consideration should be given as to whether there are any
additional ethical arguments which might apply to cloning
horses but not to cloning other species. One argument
around the ethics of cloning which applies to horses and
racing dogs, but not to farm animals species, concerns
sporting ethics. Although cloned horses have been allowed
to compete freely in some disciplines, such as polo, the FEI
initially prohibited cloned horses from competing, on the
grounds that (i) identifying clones by DNA testing would be
problematic, and (ii) cloning conferred a competitive
advantage, which violated the spirit of fair play.

There is no convincing argument that cloning is unethical
based around identification. Despite concerns that some
sports horses are not DNA tested and that the FEI’s ban on
cloning was therefore unenforceable (http://
internationalanimallaw.com/node/784, accessed 08.01.2016)
the vast majority of equine studbooks now use DNA analysis
to identify and register horses and would thus be capable of
identifying clones and registering them as such. Given that
clones do not normally look physically identical to the donor
animal or to each other, and that microchipping of horses is
commonplace (in some countries, a legal requirement),
distinguishing between a cloned and a donor animal or
between two clones with identical DNA should not be
problematic.

Concerns that cloning confers an unfair competitive
advantage are, at the least, unproven. In the one report on
racing cloned animals against their noncloned peers, the
cloned animals’ performance was mediocre (http://www.
thehorse.com/articles/16552/cloned-mules-race-into-history).
The FEI does not record clones competing under its rules and
does not have data on the competitive success of clones
compared with nonclones (G. Akerstrom, personal
communication). However, to date, there has been no
media coverage reporting that cloned horses have won
important FEI events.

There is no convincing evidence that equine cloning is
unethical because of reasons relating to sporting ethics. This is
consistent with the fact that the FEI reversed its ban on clones
competing in 2012.

Ethical issues facing veterinarians undertaking
cloning

Finally, this article considers the ethical dilemmas which might
face veterinarians whose clients ask them to become
involved in equine cloning. Cloning is a very specialised
technique, performed in a small number of centres
worldwide. The involvement of most veterinarians is therefore
likely to be limited to taking a skin biopsy from a donor
animal, to provide the nuclear material necessary for the
SCNT process and possibly to providing neonatal and later
healthcare for cloned offspring.

All ARTs are ethically unusual in that, unlike most
veterinary procedures, they are usually undertaken with no
expectation of improving the health or welfare of the animal
on which they are performed. In this respect, cloning is no
different from commonly used equine ARTs such as artificial
insemination and embryo transfer. Depending on the AR
technique, the health and welfare of up to three animals (a
donor animal, a recipient animal who gestates and gives
birth to the foal and the foal itself) should be considered.

In terms of the direct effects on the donor animal, there is
nothing inherently ethically different about a veterinarian
subjecting a donor animal to a skin biopsy for SCNT than
there is about a veterinarian subjecting a donor animal to
another ART such as embryo retrieval; both are mildly
stressful/painful procedures for which analgesia and sedation
can be provided (Campbell and Sandoe 2015), which are
not expected to offer any direct benefit to the donor animal.
As discussed above, however, cloning is associated with risks
to the health and welfare of cloned foals. Such risks have not
been proven in foals created by other equine ARTs
(Campbell and Sandoe 2015). The risks to foals produced by
cloning may provide veterinarians involved in undertaking
skin biopsies for SCNT with grounds for questioning the ethical
justification of being involved in such procedures, albeit that
the direct negative welfare effects on the donor animal on
which the skin biopsy is being performed are mild and can
be alleviated.

Conclusion

Arguments about unfair sporting advantage are
unconvincing grounds for considering equine cloning
unethical. There is no evidence that eating either cloned
horsemeat or cloned meat from other animals poses a public
health risk. However, all cloned meat ought to be clearly
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labelled to enable consumers to select against it on moral
grounds. For some people, cloning horses and other species is
unethical because cloning goes beyond the limits of how far
man ought to interfere with nature and is therefore simply
morally repugnant. Such arguments are hard to refute,
because they are a matter of moral conscience. However,
the concept of ‘an affront to dignity’, which forms part of
some moral objections to cloning, seems a weak ethical
reason for branding cloning ethical.

Concerns about the health and welfare of recipient
animals gestating and giving birth to clones and about the
short, medium and long-term health and welfare of cloned
farm animals provide compelling reasons to consider cloning
unethical on cost:benefit grounds. What little evidence exists
so far suggests that some welfare problems which are
prominent in the cloning of farm animals, particularly fetal
oversize and dystocia, do not occur with such significance in
horses. However, other reported problems, particularly those
occurring in equine neonates and foals, render use of the
technique ethically dubious. The onus is on all those providing
commercial equine cloning services to provide a stronger
evidence base for ethical decision making about equine
cloning by collating data about the short, medium and long-
term health of cloned horses. This will require collaboration
not only between specialist centres, but also with
veterinarians who are not specialists in cloning, but who
provide healthcare for cloned offspring throughout their lives.
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Summary
Veterinary medicine is marching forward with genomics
grasped firmly in one fist. Genomics has been part of our
veterinary tool bag for some time in various guises, but the
breadth and depth of its ramifications can be daunting. This
article is designed to provide toe-holds for veterinarians to
enjoy a better understanding of genomics – a truly
fascinating area of science.

Introduction

The subject of genetics may bring back tormented
memories of wrinkled seeds or the dreaded Punnett square
diagrams. For many of us it may be a distant memory.
However, now one can hardly turn around without bumping
into genetics-based headlines in every form of media
whether it relates to movie stars such as Angelina Jolie or a
horse’s genetic predisposition for speed or disease.
Veterinary medicine is marching forward with genomics
grasped firmly in one fist. Genomics has been part of our
veterinary tool bag for some time in various guises, but the
breadth and depth of its ramifications can be daunting
(Bailey 2014). This article is designed to provide the basis for
enjoying the variety and plethora of genomics literature in
veterinary science.

Genomes and cytogenetics

Prior to the molecular age of genetics, cytogenetics and
specifically karyotyping provided the first views of the
genome (Rothfels et al. 1959). The horse has 32 pairs of
chromosomes: 31 pairs of autosomes and two sex
chromosomes (X and Y). While we could not discern the
presence, distribution or even number of genes at the
beginning of this technology, we did realise that horses
needed to have exactly all 32 pairs in order to be healthy
and fertile. Chromosomes are identified by length, banding
patterns, location of chromosome features, and from this, a
naming convention developed (Bowling et al. 1997). For
example, the largest chromosome (autosome) is designated
ECA 1 (ECA for Equus caballus) and the smallest autosome is
identified as ECA31. Chromosome abnormalities include loss
or gain of sex chromosomes (X or Y), gain of one of the
smaller chromosomes or rearrangement of chromosome
arms. These abnormalities occur in 2–3% of live-births (Bugno
et al. 2007). It is likely that severe chromosome changes result
in early embryonic death or abortion while mild alterations
may be carried to term. However, even mild rearrangements
adversely affect fertility or even long-term viability. The most
common chromosome defect is loss of the X chromosome
(Lear and Villagomez 2011). In these cases, mares may

appear normal however they have small ovaries and be
infertile. Severe disease occurs when one of the smaller
chromosomes (notably ECA23, -26, -27, -28, -29, -30 or -31) is
duplicated. On rare occasions, a chromosome segment may
detach and join another chromosome; this is called a
translocation. Horses with translocations are normal and
healthy but may have problems producing viable gametes.
Such studies are still relevant to the practicing veterinarian;
however, molecular genetics provides greater resolution for
genomic studies and has provided valuable tools for
veterinary research and practice.

Terminology and historical perspective of DNA

Genetics is considered the study of heredity, whereas
genomics is a term with wider scope encompassing all
aspects of genes, including their structure and function, with
few limitations. A genome is the genetic material of a
particular organism. Before we dive through the looking glass,
let’s just recap on some essential groundwork:

● 1944 – Avery, MacLeod and McCarty demonstrated DNA
as the molecule of heredity (Avery et al. 1944).

● 1950 – Chargaff’s rules: guanine (G) and cytosine (C);
adenine (A) and thymine (T) present in equal proportions
in DNA samples (Chargaff 1950).

● 1953 – published simultaneously:
○ Watson and Crick publish the helical structure of DNA

with Watson-Crick base-pairing rules: G paired to C,
and A paired to T (Watson and Crick 1953).

○ Wilkins (Wilkins et al. 1953) and Franklin (Franklin and
Gosling 1953) publish critical x-ray crystallographic
images of DNA.

DNA is deoxyribose nucleic acid and the importance of
the ‘deoxy’ component of the ribose sugar molecule in the
backbone contributes to the inertness of the molecule. This is
a key ingredient to its stability and hardiness. The stability of
this incredible double stranded molecule is entrenched in our
modern collective psyche as we watch crime shows and
films such as Jurassic Park. From a veterinary perspective the
stability of DNA enables samples to be shipped with minimal
extra handling requirements, availing itself as a diagnostic
tool. From a scientific perspective, the robust nature of DNA is
the reason ancient DNA can be studied. Recently, the
genome of two horse specimens found in the permafrost of
the Yukon Territory that lived approximately 560,000–
780,000 years ago was sequenced (Orlando et al. 2013;
Schubert et al. 2014). This study offered some marvellous
insight into which genes and mutations have been selected
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for during the process of domestication of the horse, as well
as providing evidence that the Equus lineage originated
approximately 4–4.5 million years ago (Orlando et al. 2013;
Schubert et al. 2014).

DNA is made up of four nucleotides that base pair: G to
C, and A to T. This spatial arrangement ensures that the two
anti-parallel helical backbones stay a consistent distance
apart – like train tracks. Genomic DNA is the template for all
of the proteins and regulatory elements of that organisma.
The length of the equine genome is about 2700 million base
pairs (2.7 Gb) and similar in size to the human genome
(about 3 Gb) (International Human Genome Sequencing
Consortium 2004). However, the equine genome is packaged
into 31 pairs of chromosomes (autosomes) and a pair of sex
chromosomes (XX or XY). It is estimated that as a continual
length, the human genome would be about 2 m in length. It
is an astonishing thought that all cells, with just a few
exceptions such as red blood cells, have this length tidily
packed into their nuclei. This packaging is achieved by the
genomic DNA being wrapped around histone proteins – like
long hair wrapped around hair curlers where the DNA is the
hair and the histones are the hair curlers. It is further
astounding to think that this DNA is selectively ‘unzipped’ to
open up units, such as protein coding genes, for use
according to the cells’ needs and cell type.

Genes, RNA and protein coding

The genome is made up of protein coding genes and
noncoding sequences, but on a primary sequence level, it
appears as one huge ordered series of As, Cs, Gs and Ts.
Francis Crick proposed the Central Dogma of molecular
biology: one gene-one message-one polypeptide (Crick
et al. 1961; Crick 1970) (Fig 1). Basically, a specific length of
DNA sequence, a gene, is transcribed in to a ribose nucleic
acid message (messenger RNA; mRNA), and that mRNA
message is translated into a polypeptide by ribosomal
machinery, thus synthesising protein. The ribosomal machinery
translates the RNA sequence code in three nucleotide
frames, a codon, for which a specific amino acid is selected.
This concept was remarkable at the time, as there was still
debate over which dictated which. It is now abundantly
clear that DNA sequence dictates polypeptide sequence,
and not vice versa. This Central Dogma has remained a
fundamental tenant of molecular biology ever since, only
now with some modifications.

RNA differs in its chemical structure from DNA. The
presence of a hydroxyl group on the ribose sugar makes the
RNA molecule less stable as it is prone to hydrolysis.
Additionally, uracil (U) is used in place of T in RNA,
distinguishing it from DNA and making it more unstable
biochemically. RNA also exists as a single stranded molecule.
These inherent properties, coupled with an abundance of
degradative RNase enzymes found in the natural world,
make the lifespan of mRNA molecules finite. Messenger RNAs
can be considered the Post-it notes of nature. They are useful
when they are needed, but must be regulated. For example,
using my Post-it note analogy: if you left a note for your
technician to order a case of penicillin because stocks were
getting low, you would expect that note to be acted upon
and then destroyed. One case of penicillin will be enough for
a while. If your technician does not discard the note after
acting upon it, every time they see that note they order

another case of penicillin. In short order your pharmacy will
be overstocked with penicillin and it will be chaotic. So it is
with mRNA. Both the rate of mRNA synthesis and the rate of
degradation are important. Studies that look at the
expression of genes are actually studying the steady state
levels of mRNA in a given tissue or cell and using that as an
estimation of how actively those genes are being transcribed
(or expressed). It is only an estimate because it does not take
into account adjustments that increase or decrease the
lifespan of those mRNA molecules.

Genome structure conservation and the human
genome project

An early and significant discovery from genome projects has
been the great similarity of the structure and organisation
among vertebrate genomes, an area of study called
comparative genomics. As a consequence of this similarity,
DNA sequences that help to characterise gene structure in
one species can be used to predict gene structure for other
genomes. The annotation of the horse genome benefited
greatly from the extensive information developed in
connection with the human genome project. Insulin, for
example, is a highly conserved protein. Human insulin differs
from porcine insulin and bovine insulin by just one and three
amino acids, respectively. Additionally, sequences of genes
that lie together on a chromosome in one species will
probably be together on a chromosome in another species.
For example, human chromosome 8 (HSA8 – from Homo
sapiens) is homologous to equine chromosome 9 (ECA9 –
Equus caballus) by virtue of the gene sequences located on
it (Raudsepp et al. 1996; Bailey 2014). This is termed
conserved synteny: conserved between species and synteny
from Greek meaning ‘on the same band’.

At the onset of the Human Genome Project in the very
early 1990s, the number of protein coding genes was
significantly overestimated (www.genome.gov) (International
Human Genome Sequencing Consortium 2004). These
predictions were based on the sheer variety of proteins found
by biochemists over the years. As the project progressed, it
was clear that this number was going to be closer to 21,000–
22,000 protein-coding genes. The final number is still being
argued, and it is similar in number to protein coding genes in

DNA

DNA is transcribed to an RNA message

mRNA

mRNA is translated into a protein at
the ribosome

Protein

Fig 1: A schematic representation of the central dogma of
molecular biology whereby one gene codes one messenger
RNA, which codes one polypeptide. The directionality is of
historical importance. The DNA dictates the sequence of the
protein, not vice versa.

© 2016 EVJ Ltd

275EQUINE VETERINARY EDUCATION / AE / MAY 2018

http://www.genome.gov


the horse genome (Bailey 2014; Hestand et al. 2015). The
immense variety of proteins found biologically has been
found to be largely driven by changes to the primary mRNA
molecule after it comes off the genome, and before it is
translated into a polypeptide, through the process of
alternative splicing.

Protein coding genes are made up of sequence regions
that are either expressed in the protein product and
intervening sequences that do not code the protein.
Sequences that are expressed in the protein product are
termed exons, and intervening sequences are termed introns.
What is an intron and what is an exon is defined by the final
product. Figure 2 is a diagram that depicts a primary,
unedited mRNA sequence. In this diagrammatic example,
the primary mRNA transcript is made up of five exons
represented by coloured rectangles. The introns are depicted
by thin black connecting lines. This diagram depicts several
mature mRNA transcripts that could be made from this one
strand of primary RNA by splicing out different parts of the
primary sequence. It is a great system – so creative and
economical – a bit like our alphabet, but unidirectional.
Different proteins can be made from the same gene –
although they may be related, they may have actually
different functions. The elegant process of alternative splicing
enables the generation of mRNA transcript variants (or
isoforms). Alternative splicing is the powerhouse behind the
incredible complexity of proteins from only 20,000 or so
protein coding genes. It is estimated that mRNA transcripts
from ~95% of protein coding genes undergo this alternative
splicing (Pan et al. 2008). This blossoming arena of science is
illuminating many areas of previously poorly understood
biological nuance in all fields of medicine and biology alike.

Less than 3% of the genome actually codes for proteins.
The remaining 97% used to be termed ‘junk DNA’. Given that
vertebrate protein coding genes show significant
conservation in sequence and that the number of genes is
not dramatically different between many vertebrate species,
it should come as no surprise that the nonprotein coding DNA

is critically important. The differences between the protein
coding sequences for the human genome and that of a
chimpanzee is only ~4% (Varki and Altheide 2005). Most of
the proteins are homologous and yet there are substantial
differences between chimpanzees and man. These
differences can be largely accounted for by differences in
the regulation of the genetic code. Nonprotein coding DNA
is responsible for a vast array of regulatory elements that
dictate how and when the genome is used. These elements
range from nontranscribed sequences in the DNA itself, such
as promoter and enhancer sequences, to regions used as
templates for noncoding RNA molecules (further discussion in
the subsection Epigenetics).

DNA replication, fidelity and mutations

Chemically, we appreciate that the stability of DNA and the
fidelity of Watson-Crick base pairing allowing it to be reliably
passed from parent to offspring. The process of DNA
replication in the cell cycle is a process with amazing fidelity.
Replicative enzymes have a DNA repair capacity and a
proof-reading capability, akin to checking the distance
between railroad tracks for example, as an insurance policy
against errors. In spite of these features, faithfully replicating
2700 million base pairs over and over again in all nucleated
cells, over a lifetime, in the presence of mutagenic agents is
a pretty tall order and mistakes are made. As such, it is easy
to see how genetic variation occurs through generations,
and how mutations can develop in an organism within its
own lifetime, as is the case with many neoplastic diseases.
Generation of de novo genome mutations occurs as a result
of cellular replication errors; a few of these variations
presently help to map the equine genome and track down
regions correlated with clinical diseases.

Single nucleotide polymorphisms

As the name implies, a single nucleotide polymorphism (SNP:
most people pronounce this ‘snip’) is defined as a single
nucleotide that differs between the same region on a
chromosome with a population frequency of >1%. It may be
in a protein-coding gene or in the intergenic region. In the
example below two gene alleles are shown. For example:

Allele 1 for Gene X: CGTCATCGTCGT
Allele 2 for Gene X: CGTCACCGTCGT

In this example you can see that the sixth nucleotide in
sequence is a T in Allele 1 and a C in the Allele 2. This is a T/C
SNP. If this was, for example, located on Chromosome 1 at
the 8,446,725 nucleotide position of the reference genome
(that of the Thoroughbred mare Twilight) it would be
annotated Chr1: g.8446725T>C. Some horses will have two
copies of Allele 1, some two copies of Allele 2 and some will
have one copy of each allele. The frequency of the SNP will
vary depending on the population. For example, it may have
different frequencies between Arabian and Thoroughbred
horses. SNPs are distributed throughout the genome but tend
to be more frequent in the noncoding regions. This is
probably because the coding regions are under a greater
selection pressure. SNPs are used as markers. They may
happen to occur in a coding region and may affect how ‘fit’
an animal is, potentially conferring an advantage or
disadvantage.

Exons Introns

Primary 
messenger RNA

Selection of possible

mRNA transcripts made

by alternative splicing of  

the original primary mRNA

transcript

Fig 2: Showing that a primary messenger RNA transcript can be
processed into many different mature transcripts that code for
different polypeptides. Exons are depicted as coloured
rectangles and introns are depicted as black lines.
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It is imperative to remember that SNPs are just part of the
road map of the genome. They are not in and of themselves
necessarily mutations that have any effect on the organism,
but they can. In molecular biology terms they are used to
discover the location of a genomic region harbouring a
disease related mutation. By way of analogy, a set of
directions are like a SNP map. If I gave you directions to a
clinic, they might be: “Head south on Holberry Lane, turn right
at the Royal Horsehoes pub and it’s a mile further down on
the left hand side where the fir trees stand”. The pub and the
fir trees have nothing to do with the clinic whatsoever but
they are landmarks that enable you to be guided to the
location: the clinic. SNPs that sit close together on a
chromosome are likely to be inherited en bloc – a
phenomenon termed genetic linkage. Since SNPs provide a
roadmap of the genome, groups of statistically significant
SNPs that are found at high frequency in an affected animal
point to an area of the genome that warrants further
investigation as an area where a relevant mutation may be
located. This strategy has been especially useful when whole
families are not known, too small in number, or breeding
studies cannot be performed. The collection of SNPs that sit
on a single chromatid of a chromosome pair that is
associated is known as their haplotype. A chromatid is one
copy of a duplicated chromosome.

Selections of SNPs representing the whole genome have
been harnessed to design ‘SNP chips’ (SNP arrays, SNP
beadchips). To date, the sequencing of equine genomes has
identified over 10 million SNPs distributed throughout the 2700
million base pairs (Schaefer et al. 2014). Genetic studies in
horses involves comparing groups of horses for these genetic
variants. The first tool used to investigate SNPs was the
Illumina 50K SNP chip. Approximately 55,000 SNPs were
selected based on distribution among all chromosomes and
the extent of variation that occurred among horses. Later a
70K SNP chip was developed, which included the SNPs from
the original 50K SNP Chip plus additional markers to fill in
gaps. More recently, a new tool was created by Affymetrix to
assay 670,000 SNPs for horses. Depending on the study design
and the cost of testing, scientists determine whether to use
the 70K SNP chip or the 670K SNP chip.

Once a disease phenotype is identified, DNA is harvested
from affected and unaffected animals. Related animals can
be helpful and, where possible, avoiding breed variation can
reduce ‘background noise’ by reducing breed related SNPs,
which may produce false positive candidates. SNPs that
colocalise in affected animals are not necessarily related to
the disease process itself – they are simply landmarks of the
particular genome region or regions that are different in
animals with the disease phenotype. In these regions there
may be genes or regulatory elements that are important in
the disease process. SNPs provide a way to localise and
refine the search for the genetic basis of the disease.
Because the sample is interrogated across the whole
genome, it is data-driven, thus limiting researcher bias. Studies
using this approach are called genome wide association
studies (GWAS; pronounced ‘gee-waahs’).

GWAS investigations in equine veterinary science

The SNP-GWAS approach has been used to localise regions
of interest in the genome in such diseases as lavender foal
syndrome (Brooks et al. 2010; Gabreski et al. 2012), recurrent

laryngeal neuropathy (Dupuis et al. 2011), foal
immunodeficiency syndrome in the Fell and Dales pony (Fox-
Clipsham et al. 2011a,b), osteochondrosis dissecans in
Thoroughbreds (Corbin et al. 2012), guttural pouch tympany
in Arabians and German Warmbloods (Metzger et al. 2012),
recurrent uveitis in German Warmbloods (Kulbrock et al.
2013), and insect bite hypersensitivity (Schurink et al. 2012)
and hydrocephalus in Friesians (Ducro et al. 2015) to name a
few.

McCue et al. (2008a,b) employed the GWAS method to
study horses with polysaccharide storage myopathy (PSSM).
Although their work was performed at a time when there
were fewer SNP data available, they did have very well
phenotyped horses with DNA samples taken from horses
diagnosed with PSSM by muscle biopsy analysis, as well as
detailed histories. They used a combination of microsatellite
markers and the available SNPs to refine their search for the
region of the genome that colocalised with affected horses
as compared to control horses. Microsatellites are repeats of
2–5 nucleotides in the genome. They can be very long and
vary between individuals to such an extent they are routinely
used in human forensic examination and parentage suits. The
variation in microsatellites originates when the DNA is
replicated. The polymerase enzyme replicating the DNA is
more likely to ‘slip’ in these repetitive regions. As it loses its
place it starts over and can either repeat the section or skip
forward by starting further downstream on the unwound DNA
helix. As such, the number of repeats an individual can have
is variable (even between monozygotic twins) but familial.
Just like SNPs, these areas can act as landmarks for genome
mapping. As a result of this work, PSSM horses were shown to
have a missense, gain-of-function point mutation in the
glycogen synthase gene, GYS1, (gene symbols tend to be
written in italicised capital letters). A missense mutation is one
where a different amino acid is incorporated into the protein
coded for by that gene. Subsequent work has led to the
subtyping of PSSM into type 1 and type 2. PSSM type 1 is
associated with this mutation in GSY1 gene.

Other DNA variations that can give rise to genetic
diseases include insertions and deletions. Collectively these
can be termed ‘indels’. As discussed earlier, a triplet code is
used to translate the mRNA into a polypeptide chain. An
indel of one or two nucleotides gives rise to a shift in the
reading frame (Fig 3). Such mutations are therefore called
frame shift mutations. Lavender foal syndrome, a lethal
inherited condition in Arabians, is an example of a deletion
mutation leading to a frame shift mutation that causes a
premature stop codon (Brooks et al. 2010). Using a
combination of GWAS, pedigree analysis and gene
sequencing, a group of highly significant SNPs were identified
in affected animals. These SNPs were located in a 10.5 million

Normal reading frame – read in triplet
code

Deletion or insertion of one (or 2)
nucleotides shifts the reading resulting
in a totally different code and amino
acid sequence

Fig 3: An illustration of a nucleotide deletion and insertion
mutations that cause reading frame shifts.
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base long region on ECA1. After taking into account familial
associations, the region was narrowed down to 1.6 million
bases. Ten predicted genes mapped to this region, including
MYO5. Mutations in MYO5 in man have been expressed as
neurological dysfunction. By sequencing the area of interest
a nucleotide deletion mutation was found. This deletion
caused a shift in the triplet code reading frame leading to a
premature stop codon, rendering the RNA message
ineffective.

A recent study into the autosomal recessive trait of
hydrocephalus in Friesian horses has identified the genetic
basis for the disease (Ducro et al. 2015). This disease has
been observed to cause stillbirth and dystocia. By performing
a GWAS an area of interest was identified. Genome
sequencing discovered a point mutation in the B3GALNT2
gene. The change of a C to a T in one exon results in the
codon becoming a stop codon rather than coding for
glycine. A mutation that generates a premature stop codon
is called a missense mutation.

Molecular technologies

Polymerase chain reaction (PCR) is a versatile technique, for
which Mullis and Smith won a Nobel Prize in 1993, and is very
familiar to all equine clinicians as a diagnostic test and this
example further demonstrates its flexibility (Bartlett and Stirling
2003). PCR relies on specific sequences that are unique to
the gene of interest in the case of a genetic disease, or the
organism of interest in the case of an infectious agent. The
test’s specificity lies in the probability that, for example, an 18
nucleotide long sequence specific primer has an
infinitesimally small chance of finding the same sequence
unrelated to the region of interest by chance – indeed the
chance is 1 in 7 9 1010. This is the key to the sensitivity of PCR
as a technique, but it is worth noting that because DNA is
such a persistent and robust molecule it can still be detected
by PCR even when the organism is no longer viable.

Sequencing

So far much of our discussion has centred on DNA based
investigations. However, it is worth mentioning other tools
featured in the literature that relate to gene expression. DNA
microarrays were popular screening tools to compare RNA
isolated from two samples. These arrays computationally
generate a heat map indicating equal, increased or
decreased comparative levels of expression in the genes
profiled on the microarray. This technology has rapidly lost
ground in the wake more affordable and accessible
sequencing platforms.

Frederick Sanger won not one, but two Nobel prizes. The
first was for amino acid sequencing the protein insulin, and
the second was for developing a method to sequence DNA
(Walker 2014). Indeed, the methods that Sanger invented for
DNA sequencing, popularly called ‘Sanger sequencing’,
made the Human Genome Project possible. The Human
Genome Project was completed using Sanger sequencing;
however, in recent years new technologies have been
developed to sequence DNA more rapidly and at a lower
cost. These technologies are referred to as next generation
sequencing (Finno and Bannasch 2014).

In order to sequence RNA, it must be reliably converted
into a more stable molecule so that it does not change or

decay during transportation and sequencing. To do this a
complimentary DNA (cDNA) molecule is made. This
technique was made possible by another Nobel winning
discovery in 1970: the discovery of a retrovirus enzyme
referred to as reverse transcriptase. This amazing enzyme
makes a complimentary strand of DNA from an RNA
template. Importantly, it does so in a one-to-one ratio thus
preserving the relative amounts of the starting RNA molecules
– a critical feature for gene expression studies. In this way,
RNA sequencing (RNA-seq) can be performed.

The ability to sequence all of the RNA transcripts (the
‘transcriptome’) of a cell or tissue type has exponentially
expanded the ability to delve into exactly how the genome
is used by different cell types, under different conditions, and
in different diseases. All of the transcript variants can be
examined and the blinkers are removed from the researcher
as the resulting data drive the investigation rather than the
investigator focusing on a handful of known genes of interest.
Huge datasets are generated, which can be challenging for
researchers trained in biological disciplines. These datasets,
especially in the horse where the genomics tools are not as
advanced as they are in man or mice, require an integrated
approach. Collaboration with bioinformatics groups to help
computationally organise and annotate these huge data sets
is vital. RNA-seq is such a powerful tool that it is revolutionising
genomic molecular biology and starting to dominate gene
expression studies. Recently, RNA-seq was employed in
combination with other tools such as DNA sequencing to
elucidate the genetic basis of Congenital Stationary Night
Blindness and Leopard Complex Spotting found in
Appaloosas (Bellone et al. 2013). A large sequence of
repetitive DNA (long terminal repeat) was found to be
interfering with proper mRNA transcription of the gene TRPM1,
which is involved with night vision capability and
melanocytes, although neither mechanism is fully understood.

Epigenetics

The more precise and discovery-driven ‘-omics’ approach,
such as transcriptomics, offers more insight into the perplexing
question of how the genome is selectively used in different
cell types, at different developmental stages, and during
disease processes. No discussion of genomics would be
complete without mention of epigenetics in this vein.
Epigenetics is the study of changes to the genome that do
not involve a change in the sequence of the DNA itself.
However, they can be heritable changes. The genome is only
partially used at any given time. Sequences, such as protein
coding sequences, that are active and those that are
inactive are in that state as a result of how tightly the DNA is
wrapped around, and attracted to the histone proteins (hair
curlers!). It is also related to the reversible addition of small
chemical groups to the DNA itself – such as adding methyl
groups. It is fascinating to note that this is a significant part of
the chemical basis of memory, and these modifications are
heritable.

Other epigenetic controls do not involve the DNA
template per se, but affect matters downstream of it. One
significant area of control is at the level of mRNA transcript
stability. Regulatory elements that are often in the noncoding
region of the DNA are transcribed and put under the
umbrella term of noncoding RNA. One important group of
noncoding RNAs that are getting a lot of press currently is
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microRNAs (miRNA) (Kim et al. 2014; Chhabra 2015; Van der
Kolk et al. 2015). MicroRNAs are short sequences of single
stranded RNA, 17–25 nucleotides long, which bind to mRNA
transcripts to signal its destruction. In man, there are over
2000 miRNAs identified, many of which are conserved, which
is helpful to equine researchers. They are quite elegant little
entities and they hold promise as the basis for therapeutic
agents. A delightful example of a miRNA right under our nose
is that of the superb muscling of Texel sheep (I am sorry there
is not yet an equine example). To look at its muscling one
might think it shared the same myostatin mutation that
double muscled cattle endure – not so. The mysotatin protein
puts a check on muscle fibre development. In double
muscled cattle, such as Belgian Blues, with the mutated
mysostatin gene, the resulting myostatin protein is less active,
leading to more muscle fibres being made during
development (Kambadur et al. 1997). In Texel sheep,
however, the defect is the result of the generation of an
‘illegitimate’ miRNA binding site. This novel site allows miRNA
binding to the mysostatin mRNA, thus signalling the transcript
for destruction and reduced translation into the protein
product. Without mysostatin protein to keep the number of
muscle fibres generated in check, the sheep develop
massive musculature.

While miRNAs are an extraordinarily hot topic in all areas
of medicine, especially cancer biology, a note of caution
must be added. In this article, previously discussed nucleotide
sequences have been very sequence specific – reliably so
and reassuringly so. However, in the case of miRNAs, it is not
obligatory that miRNAs have an entirely complimentary
nucleotide sequence to their target sequence. When
conducting research this fact makes it necessary to
investigate the functionality of each new, inferred miRNA at
the benchtop, rather than being able to rely totally on their
prediction in silico – that is, on the computer!

No discussion of genetics in an equine journal would be
complete without mention of the myostatin gene (MSTN) as it
pertains to the performance horse. Observations in whippets
had indicated that mutations in MSTN could bestow superior
performance traits and increased muscling (Mosher et al.
2007). Reports published by Binns et al. (2010) and Tozaki
et al. (2010, 2011, 2012) supported this observation in horses,
and noted their predisposition to being suited to particular
racing distances. Hill et al. (2010, 2012) went on to publish
data on a T/C SNP in the MSTN gene locus, described as
Chr18:g.66493737T>C (Bower et al. 2012; McGivney et al.
2012). After examination of detailed race records, it was
found that a racehorse’s aptitude for particular racing
distances could be correlated to whether it was homozygous
TT or CC, or heterozygous TC at this location. Genetics tests,
such as this one, are now available through commercial
enterprises.

Many of the genetic findings discussed here are simple,
single gene locus genetic traits. However, research continues
to push forward the extent of our understanding as problems
with complex genetic and epigenetic traits are investigated.
With this in mind we should take heart in the knowledge that,
while computers now do the heavy lifting, we humans are not
ready to be called obsolete – far from it! The observation skills
of astute horsemen/women and clinicians are critical
contributions to this area of science, just like any area that has
preceded it. This is not just in terms of sample collection, but the
precise and meticulous descriptive phenotyping of our horse

patients becomes ever more important to tease out disease
phenotypes and any possible genetic bases they may have.

The field of genomics is having a meteoric impact on
furthering our understanding of equine health. It has
implications in all aspects of veterinary care from treatment,
management, disease diagnosis, to breeding decisions and
so on. Veterinary science can also continue its sizeable
contribution to human health as both fields benefit from
crosstalk. Research and clinical communities must
communicate better to integrate clinical cases and sample
collection to pool the resources we have globally. Genomics
is an exciting area to embrace, and your cases, your clients
and your own mind will be the richer for embracing it.
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Note
aMitochondrial DNA (mtDNA) is not considered part of genomic DNA
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Mitochondrial DNA is maternally inherited and often used in maternal
lineage studies, in much the same way as the Y chromosome is used
for paternal lineage tracing.
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