
American Edition  | September 2015

in this issue:

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

veterinary
equine

education

From the President’s Desk: Defining the path forward

Gastric impaction associated with displacement and volvulus of the large colon in  
seven mature horses

Nutritional management of hyperlipaemia



Proud sponsor of:

Of course horses need hay, but not just any hay. 

Since hay is the first consideration when it comes to nutrition, skimping on quality 

could keep your horse from doing his best for you.

Do your best for your horse.

 

Feed Standlee Premium Western Forage®.  All natural. Always available.

CHECK OUT OUR COMPLETE PRODUCT  

LINE OR FIND A STORE NEAR YOU AT 

WWW.STANDLEEFORAGE.COM
CA2

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


c o n t e n t s

A merican Edit ion

From the President’s Desk: Defining the path forward ........................................................... III

University of Florida equine reproduction specialist selected AAEP vice president ............... IV

Mental Wellness: Learning to bounce ...................................................................................... V

S. WRIGHT  ..........................................................................................................................445

Horses, saddles and riders: Applying the science
H. M. CLAYTON, S. DYSON, P. HARRIS and A. BONDI ................................................447

Gastric impaction associated with displacement and volvulus of the large  
colon in seven mature horses
K. F. MCGOVERN, J. M. SUTHERS, F. M. JAMES, B. J. O’MEARA,
R. A. PARKER, A. K. FOOTE and B. M. BLADON ...........................................................453

Resection of a ceruminous adenocarcinoma in a horse by a modified vertical  
ear canal ablation
E. M. SKÄRLINA, H. W. TVEDTEN, V. L. H. ROBERTS and
D. A. GORVY ........................................................................................................................462

Chronic intermittent colic in a mare attributed to uterine marbles
C. E. FREEMAN and S. K. LYLE  ........................................................................................469

Gastric impaction and large colon volvulus: Can one lead to the other?
A. T. BLIKSLAGER ...............................................................................................................460

Examination of the external ear canal
G. F. SCHUSSER ...................................................................................................................467

Equine dental and periodontal anatomy: A tutorial review
C. STASZYK, A. SUSKE and A. PÖSCHKE .........................................................................474

Nutritional management of hyperlipaemia
A. E. DURHAM and A. K. THIEMANN .............................................................................482

Creating the consummate professional: Historical and contemporary perspectives  
(based on the BEVA John Hickman Memorial Lecture 2014)
S. A. MAY ..............................................................................................................................489

What can I give to calm this stallion down?
C. D. COOKE  .......................................................................................................................496

Do I give altrenogest to prevent pregnancy failure?
S. A. STAEMPFLI  .................................................................................................................498

 .............................................................................................................. 500-500D

 .............................................................................................................459

Cover photo by Dr. Nat White.

veterinary
equine

education



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

Equine Veterinary Education (American Edition ISSN 1525-8769) is published monthly by the American 
Association of Equine Practitioners, an international membership organization of equine veterinarians. Office of 
publication is 4033 Iron Works Parkway, Lexington, KY 40511. Periodicals Postage paid at Lexington, KY and 
additional mailing office. POSTMASTER: Send address changes to: Equine Veterinary Education, 4033 Iron Works 
Parkway, Lexington, KY 40511.

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

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

All subscription inquiries should be addressed to: Subscriptions Department, AAEP, 4033 Iron Works Parkway, 
Lexington, KY 40511, Telephone: (859) 233-0147, E-mail: jcooney@aaep.org. Subscription rates: AAEP annual 
membership dues include $40 for a subscription to Equine Veterinary Education. Other subscriptions at $151.80. 
Single copies $37.50.

Canadian Subscriptions: Canada Post Corporation Number 40965005. Send change address information and 
blocks of undeliverable copies to IBC, 7485 Bath Road, Mississauga, ON L4T 4C1, Canada.

© World copyright by Equine Veterinary Journal Ltd 2015.

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

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

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

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

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

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

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

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

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

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

American Association of  

Equine Practitioners

4033 Iron Works Parkway  
Lexington, KY 40511

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

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

2015 AAEP Officers

G. Kent Carter, DVM, President

Kathleen Anderson, DVM, President-Elect

R. Reynolds Cowles, DVM, Vice President

Jack Easley, DVM, Treasurer

Jeff Blea, DVM, Immediate Past President

AAEP Staff

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

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

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

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

Nick Altwies, Director of Membership 
naltwies@aaep.org

Sue Stivers, Executive Assistant 
sstivers@aaep.org

Carey Ross, Scientific Publications Coordinator 
cross@aaep.org

Amity Brannock, Communications Coordinator 
abrannock@aaep.org

Dana Kirkland, Sponsorship and Advertising 
Coordinator 
dkirkland@aaep.org

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

Elaine Young, Student Programs Coordinator 
eyoung@aaep.org

Pam Shook, Foundation Programs Coordinator 
pshook@aaep.org

Cynthia Hinkle, Office Manager 
chinkle@aaep.org

John Cooney, Publications Coordinator 
jcooney@aaep.org

Jodie Bingham,  
Foundation Development Coordinator 
jbingham@aaep.org

Chelsea Urhahn, Member Engagement Coordinator 
curhahn@aaep.org

Megan Gray, Database Services Coordinator 
mgray@aaep.org

Susan Rice, Meetings Assistant 
srice@aaep.org

Kristin Walker, Member Relations 
kwalker@aaep.org

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

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

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

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

Ex-officio 
J. Cooney

mailto:sue@evj.co.uk
http://mc.manuscriptcentral.com/eve
mailto:jcooney@aaep.org
http://www.fda.gov/ora/compliance_ref/cpg/cpgvet/cpg608-400.html
mailto:aaepoffice@aaep.org
http://www.aaep.org
http://www.aaep.org
mailto:dfoley@aaep.org
mailto:bmitchell@aaep.org
http://www.aaep.org
mailto:kkleine@aaep.org
mailto:naltwies@aaep.org
mailto:sstivers@aaep.org
mailto:cross@aaep.org
mailto:abrannock@aaep.org
mailto:dkirkland@aaep.org
mailto:dmiles@aaep.org
mailto:eyoung@aaep.org
mailto:pshook@aaep.org
mailto:chinkle@aaep.org
mailto:jcooney@aaep.org
mailto:jbingham@aaep.org
mailto:curhahn@aaep.org
mailto:mgray@aaep.org
mailto:srice@aaep.org
mailto:kwalker@aaep.org
mailto:dkirkland@aaep.org


EQUINE VETERINARY EDUCATION / AE / JUNE 2015 IIIEQUINE VETERINARY EDUCATION / AE / SEPTEMBER 2015 III

From the President’s Desk: Defining the path forward 

This summer has been a very busy and productive time for 
the AAEP. In July, the board of directors convened for our 
summer board meeting, which traditionally is held in con-
junction with the summer Focus meeting. 

Focus on Ambulatory was 
held in Minneapolis, Minn., 
with an excellent education-
al program and very good 
attendance. Minneapolis is a 
nice city for the meeting and 
attendees were pleased with 
the event.

Just prior to the continuing 
education meeting, the 
board of directors gathered 
for a facilitated strategic 
planning meeting followed 
by our summer board 
meeting. Strategic planning 
is where the board of 
directors meets with an organizational facilitator to 
establish goals for the association. The AAEP relies upon 
the strategic plan to guide the leadership, committees and 
staff for the upcoming three-year period. Additionally, and 
as you may recall, the association conducted a General 
Membership Survey in the fall of 2014. Many of the goals 
listed below are a direct result of the input you gave us in 
that survey.  

This year’s strategic planning sessions included the board 
of directors, committee chairs and senior staff members. 
The sessions were facilitated by noted association 
management expert Bob Harris.

The planning committee identified five goals to advance 
the mission of the AAEP and serve the membership from 
2016-2018. The goals are:

1. Enhance membership value
Enhancing the value of AAEP membership to the evolving 
needs of a diverse membership.

2. Improve technology and communications
Updating technology to improve communications between 
our members and the AAEP.

3. Provide world-class education
Continuing to develop and provide quality equine 
continuing education.

4. Address quality of life issues
Facilitating professional and personal wellness.

5. Promote the value of the equine veterinarian
Promoting the profession to all our stakeholders.

Strategies to achieve these goals will be refined during the 
upcoming year, more data gathering will need to occur, 
and performance measures will be developed by which we 
can measure our progress. These strategic planning 
sessions have been a part of the AAEP for several years 
and, in my opinion, are instrumental in helping us to 
continue to move forward and address the areas that 
matter the most to you.

Shortly after the board meeting, the AAEP released to the 
public our 10-point plan for action in the U.S. racing 
industry known as the Prescription for Racing Reform.

This plan was developed by the AAEP Racing Committee 
and approved by our board of directors. As part of the 
plan, the AAEP will facilitate an exercise-induced 
pulmonary hemorrhage research advisory panel in hopes 
of helping the industry find effective alternatives to current 
EIPH treatment protocols as part of our mission to protect 
the health and welfare of the horse. This research advisory 
panel is scheduled to meet later this fall to identify areas of 
research to recommend.

You can read a little more about the plan on page IV of 
this issue. To view the complete Prescription for Racing 
Reform, visit http://tinyurl.com/qhrl8bj.

As I write this letter, I am continually amazed at the 
dedication of our members and their constant efforts to 
help the horse. Implementation of the recently devised 
strategic plan in the coming three years will facilitate these 
efforts and yield substantive enhancements within your 
association to the benefit of all members.

By G. Kent Carter, DVM, DACVIM

Dr. G. Kent Carter
“These strategic planning sessions have been 
a part of the AAEP for several years and, in 
my opinion, are instrumental in helping us to 
continue to move forward.”

http://tinyurl.com/qhrl8bj
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University of Florida equine reproduction specialist selected AAEP vice president

Margo Macpherson, DVM, 
MS, DACT, professor of 
equine reproduction at the 
University of Florida College 
of Veterinary Medicine, has 
been named 2016 AAEP vice 
president. She will be installed 
during the Dec. 8 President’s 
Luncheon at the 61st Annual 
Convention in Las Vegas, 
Nev., and will assume the role 
of AAEP president in 2018.

Dr. Macpherson serves as 
tenured professor at the 

University of Florida CVM, where she recently stepped 
down as chief of the reproduction service after eight years. 
Prior to joining the faculty, she worked as a private practi-
tioner in central Kentucky and served as a lecturer at the 

University of Pennsylvania. Dr. Macpherson received her 
veterinary degree from Michigan State University in 1990. 

She has devoted a significant portion of her professional 
career to unraveling the complexities of equine placentitis. 
Work from her laboratory has helped direct treatment 
choices for mares with placentitis by providing informa-
tion about efficacy of commonly used antimicrobial and 
anti-inflammatory treatments. 

Dr. Macpherson is a longstanding member of the AAEP’s 
Educational Programs Committee, where she presently 
contributes to student programming. She previously served 
on the association’s board of directors from 2011-2014; as 
Reproduction anchor for the Kester News Hour at the 
AAEP Annual Convention from 2006-2010; and on the 
Nominating and Reproduction committees. In addition, 
she served as president of the American College of 
Theriogenologists in 2005.

Dr. Margo Macpherson

Prescription for Racing Reform to enhance horse health, racing integrity

A commitment to identifying non-race day treatment alter-
natives for exercise-induced pulmonary hemorrhage 
(EIPH) is a central component of the AAEP’s Prescription 
for Racing Reform, a 10-point plan designed to protect the 
health and welfare of the racehorse and strengthen the 
integrity of the racing industry in the United States.

Unveiled July 29, the comprehensive initiative emanates 
from the Racing Committee’s strategic planning session in 
late February to address key issues affecting the health of 
the racehorse. 

The AAEP supports the use of furosemide to control the 
negative effects of EIPH in racehorses. However, race-day 
administration of any medication is seen by many as prob-
lematic for the sport. The AAEP will pursue alternative 
treatments for EIPH by facilitating a meeting of scientists, 
including experts in the fields of equine EIPH, pulmonary 
function and human sports medicine, with the stated goal 
of identifying research priorities that may yield effective 
alternatives to current EIPH treatment protocols; and 
pursuing funding for identified research projects.

Other key points of the initiative include banning the use 
of anabolic steroids in racehorses in training and restrict-
ing administration of non-steroidal anti-inflammatory 

drugs to 48 hours before racing so as not to influence 
pre-race examinations.

Components of the plan also address compounded 
medication, veterinary list reciprocity and stiff sanctions 
for rules violators. The complete Prescription for Racing 
Reform can be viewed at http://tinyurl.com/qhrl8bj. 

AAEP President-Elect Dr. Kathy Anderson discussed the 
AAEP’s Prescription for Racing Reform at The Jockey Club 
Round Table Conference on Aug. 9. Read a transcript of her 
presentation at http://tinyurl.com/rtcdka.

http://tinyurl.com/qhrl8bj
http://tinyurl.com/rtcdka
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Mental Wellness: Learning to bounce

In eventing, a “bounce” is a 
gymnastic combination of 
fences placed close together so 
that a horse must take off 
immediately after it lands, 
without taking a full stride 
between obstacles. Performing 
this feat with confidence and 
precision requires years of 
training and practice for both 
the horse and rider. Over-
achievers often try to clear both 
obstacles in a single leap, 
usually with unfortunate 

results. Green horses may tangle themselves in knots, pull 
down rails or refuse the challenge entirely. 

Even horses that are born with balance and athleticism 
must learn to bounce—a process that requires patience, 
repetition and forgiveness. As their confidence and mastery 
grows, ultimately the horse and rider combination can  
successfully bounce many difficult obstacles in a row. 
Moreover, to the observer, they appear to do it effortlessly.
Where am I going with this?

Last year, Dr. Kenton Morgan and I wrote an article for 
EVE that summarized statistics and risk factors involved 
in the high rates of mental illness and suicide among veter-
inarians. It was a daunting task, mostly because the 
statistics were so alarming. The article was filled with 
bullet points, lists and sidebars, and yet I felt it was disqui-
etingly unfinished. Simply, it was not enough, for although 
the article may have been thorough in research, it provided 
few avenues for help and resolution. 

Soon after its publication in July, I was surprised to hear 
from colleagues young and old, seasoned and green, appre-
ciative for writing the article and bringing mental illness 
among veterinarians to light. Some also spoke of episodes 
of unrelenting depression, periods of hopelessness and 
times of contemplating suicide. They shared stories of how 
they had coped. More than before, I knew that we had not 
done enough.

About the same time, other veterinary organizations took 
up the call, to the extent that it seemed every journal or 
newsletter I read contained a discussion of veterinary 
wellness. But there was something else taking shape. It 
seemed that every newspaper and magazine, from the New 
York Times and Wall Street Journal to Time magazine and 
The Economist, published articles on the concept of  
“mindfulness”—in the classroom, in the boardroom, in  
professions and on athletic teams. 

In January, our 2015 annual convention chair, Dr. Kathy 
Anderson, asked me to formulate an afternoon session on 
wellness within our profession. With hesitation, I 
eventually agreed.

I began by discovering how other health professions 
created a healthier environment for those, like us, who 
care for others. I poured through medical school programs 
aimed at incorporating wellness, the concept of mindful-
ness, and prevention of depression and burnout into the 
student curriculum. Possessing a rudimentary understand-
ing of mindfulness, and being a steadfast supporter of 
western medicine, I became so intrigued as I read study 
after study in this area that I dove headfirst into an 8-week 
course in mindfulness training for health professionals. I 
was the only DVM in a class of MDs, PhDs and MSWs, 
all enrolled to learn what value, if any, mindfulness held 
for their patients. I needed to know if it might be helpful 
to my colleagues.

Again and again, a single name was cited in the reference 
section of articles—Siegel, DJ. Who is this MD, I 
wondered, whose work on mindfulness practice, the 
plasticity of the brain and resilience has influenced so 
many in the medical community? An Internet search led 
me to an overwhelming number of publications and pre-
sentations. I knew I had found the right person to lead the 
afternoon session. 

What I did not know was that the AAEP executive 
committee, on review of his credentials, would invite Dr. 
Daniel J. Siegel to present the keynote address in Las Vegas 
as well.

I have attended the AAEP Annual 
Convention for some 20 years and I 
confess, somewhat shamefully, I have not 
always attended the keynote address. This 
one is different. This is one not to miss. I 
will be there—for me, for you, for the 
students I teach, for the veterinarians that I 
mentor and for those I care about. In fact, 
my husband should join me. Better yet, I should bring my 
children, now adults. After all, how do you teach resiliency 
in life to your children? How do you teach yourself? 

How, I ask, do we learn to bounce?

Dr. Metcalf is founder and owner of Honahlee, PC, in 
Sherwood, Ore, and an adjunct clinical instructor of 
equine theriogenology at Oregon State University College 
of Veterinary Medicine.

By Lisa Metcalf, DVM, MS, DACT

Dr. Lisa Metcalf 
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HEADLINERSHHHHHHHHHHHHEAEAEAEAEAEAEEEEE DDDDDDDDDDDLLLLLLLLLLLLINININININININININININERERERERERERERERERERERSSSSSSSSSSS61st Annual Convention
& Trade Show

December 5-9   |   Las Vegas, Nevada

Supplement the clinical knowledge 
you’ll acquire at the AAEP’s 61st 
Annual Convention in Las Vegas, 
Nev., with customer knowledge 
designed to improve profitability, 
client satisfaction and patient health.

On the morning of Tuesday, Dec. 8, In-Depth: AAEP 
Touch—Tools to Connect to Your Clients and Their 
Horses will travel three key paths to transform your 
practice based on market research with more than 6,100 
horse owners and trainers.

Vaccinations: Win Back the Business: Explore how to 
regain your position as the most qualified and trusted 

provider of vaccinations while simultaneously improving 
your clients’ satisfaction with your services.

Why Clients Fire Good Veterinarians: Discover how great 
veterinarians avoid the pink slip by doing several key 
things correctly.

Expand Your Practice Through Senior Care: Learn how 
offering special services for senior horses can create a 
successful—and appreciative—client niche within your 
practice.

Mark this session on your calendar, and be sure to visit 
touch.aaep.org for the full complement of exclusive tools 
for AAEP members.

Touch Point: Absorb exclusive client insights at convention ‘Touch’ session

In less than three months, the equine 
veterinary community will be going 
all in at the AAEP’s Annual 
Convention in Las Vegas, Dec. 5-9. 
Until then, stay current with the 
latest convention news and develop-
ments with the AAEP’s official 
Convention App, dedicated Facebook 
page and Twitter hashtag.

Sponsored by Zoetis, the convention 
app places the most comprehensive 

and convenient guide to the meeting in the 
palm of your hand. The app provides the 
most up-to-date information on sessions, 
events, speakers, exhibitors and sponsors. It 

also features social media integration, calendar syncing 

and, for those who download the app on their iPad, note-
taking capabilities. A couple of weeks prior to the 
convention, you’ll be able to access the Proceedings 
papers within the app. 

Download the app today by searching “AAEP Education” 
at the App Store or Google Play.

In addition to downloading the app, double down on 
convention social media with the AAEP’s convention 
Facebook page and Twitter hashtag. Relevant news, 
updates and tips are posted regularly on both outlets. If 
you haven’t already liked the annual convention page on 
Facebook, do so by searching “AAEP 61st Annual 
Convention.” On Twitter, follow @AAEPCE and use the 
hashtag #AAEPVEGAS to join in the conversation.

Begin your convention prep with event app, social media 

http://touch.aaep.org
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Go all in for a great time and 
worthy cause—the welfare of the 
horse—by joining your colleagues 
for a night of fun and philanthro-
py at the 19th Annual AAEP 
Foundation Celebration on 
Tuesday, Dec. 8 at the Mandalay 
Bay Convention Center.

You’ll kick the dust up on the 
dance floor to country artist Sam 
Riddle, one of the busiest and most popular musicians in 
Las Vegas who plays to capacity crowds more than 20 
nights per month throughout the city. The Montana 
native is renowned for his energy, showmanship and 
sultry voice, which have caught the attention of 
prominent country artists from Phil Vasser to Luke Bryan, 
who called Riddle “a superstar.”

The ever-popular live and silent auctions return and offer 
the opportunity to bid on a diverse array of items and 
experiences. While the Foundation welcomes auction 
donations, please consider helping with a cash donation, 

which can be deployed more effectively 
toward the Foundation’s mission since 
there is no expense involved with shipping 
or setup.

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

Foundation Celebration tickets 
may be purchased with your 
convention registration or on 
site at the convention while 
supplies last until Monday, Dec. 
7 at noon. Please note that the 
ticket price increases from $95 
to $125 after Nov. 6. Ticket 
includes entertainment, buffet 
dinner, open bar from 6:00-8:00 
p.m., live and silent auctions, 
and dancing.

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

Vegas standout Sam Riddle to perform at Foundation Celebration

Take a one-day break from the 
horses to concentrate instead on 
birdies and eagles when the 
AAEP Foundation Benefit Golf 
Tournament tees off at 11:30 
a.m. on Friday, Dec. 4, prior to 
the start of the annual 
convention. 

Hosted and sponsored by 
Patterson Veterinary, Equine 
Division, the scramble 
tournament will be held at the 
picturesque Rhodes Ranch Golf 
Club, rated a “4-Star Place to Play” by  
Golf Digest and located 15 minutes from  
Mandalay Bay.

The par 72 course, designed by legendary architect Ted 
Robinson, Sr., blends a multitude of water features, 
varying elevations, stunning city and mountain views, and 

gentle rolling fairways into a 
world-class setting for a 
memorable round of golf.

The entry fee is $100 per person 
by Nov. 6 and $125 per person 
after that date. The fee includes 
greens fee, cart, range balls, 
transportation, post-event 
reception and a small donation 
to the AAEP Foundation in your 
name. Club and shoe rentals are 
available on a first-come basis.

For an entry form, please visit the “Events” page at  
www.aaepfoundation.org or call the AAEP Foundation  
at (859) 233-0147.

Tee up some fun at Foundation Benefit Golf Tournament

EQUINE DIVIS ION

http://www.aaepfoundation.org
http://www.aaepfoundation.org
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New practitioner, student named case study contest winners

Dr. Elise Lavie, with Mobile Large Animal 
Veterinary Service in Troutman, N.C., and 
Laura Kate Marley, a fourth-year student 
at Colorado State University, have been 
selected by the AAEP’s Educational 
Programs Committee as the winners of the 
2015 case study project.

Dr. Lavie’s case study, “Hemolytic Anemia in a Donkey 
Foal,” and Ms. Marley’s case study, “Treatment of an 

Esophageal Rupture,” are available as educational 
resources at www.aaep.org/info/case-studies.

As winners of the contest, which was open to veterinary 
students and first-year graduates, each will receive com-
plimentary registration for the AAEP’s 61st Annual 
Convention in Las Vegas, Nev., Dec. 5-9, 2015, and $500 
to support their travel to the meeting.

The AVMA House of Delegates (HoD) meeting, held July 
9-10 in conjunction with the AVMA Convention in 
Boston, Mass., provided Dr. 
Cynthia MacKenzie and I the 
opportunity to represent the 
AAEP and equine practice 
during discussions of issues 
facing the profession with 
both constituent allied orga-
nization and VMA represen-
tatives in attendance. 

We are fortunate to have 
many AAEP members in key 
roles throughout the AVMA, 
serving in council and 
committee positions as well 
as leadership roles in the 
parent organization. At this 
session, Dr. Tom Meyer, a 
familiar face through his active involvement with the 
AAEP over the years, was elected president-elect of the 
AVMA. We look forward to his leadership and 
engagement during his term of service.

As with most HoD sessions, a number of bylaws 
amendments and resolutions were presented for consider-
ation. Among bylaws amendments of interest to AAEP, 
terms for the AVMA board of directors have been 
increased to six years to facilitate more stability and 
continuity for leadership at that level; and the Council 
on Research will be able to expand its pool of candidates 
to include those in accredited Academic Veterinary 

Medicine positions, instead of being restricted to only 
deans of those institutions. 

A resolution was passed that will increase transparency of 
the voting records for delegates in the House by enabling 
constituent members to access how their representatives 
voted on key issues. A resolution encouraging enhanced 
professional training for pharmacists that serve the 
veterinary profession was referred to the Council on 
Biologic and Therapeutic Agents for further feedback. 
Meanwhile, several resolutions relative to the accreditation 
process were ultimately tabled, as the AVMA Council on 
Education recently enacted newly defined policies to 
address many of the concerns expressed by the U.S. 
Department of Education. 

A recap of the HoD meeting is available by visiting  
http://tinyurl.com/oylbgnh.
  
As always, Dr. MacKenzie and I remain honored to 
represent the AAEP and our colleagues on behalf of the 
profession in this essential role as members of the AVMA 
House of Delegates. Please contact either of us if you ever 
have concerns or questions that we might be able to 
answer or about potential roles within the AVMA that you 
might be interested in pursuing. 

Dr. Brown is a partner in Hagyard Equine Medical 
Institute in Lexington, Ky. He serves on the AAEP board 
of directors, as a member of the Welfare and Public Policy 
Advisory Council and as alternate delegate to the AVMA 
House of Delegates.

Delegate Corner: AVMA extends board terms, increases voting transparency

Dr. Stuart Brown II

By Stuart Brown II, DVM

http://www.aaep.org/info/case-studies
http://tinyurl.com/oylbgnh
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Soak in sun and CE this winter at AAEP’s Resort Symposium in Barbados

Expand your clinical knowledge while enjoying a little 
slice of heaven when the AAEP’s 18th Annual Resort 
Symposium heads to Barbados, Jan. 25-27, 2016. To be 
held at the Hilton Barbados in Bridgetown, the Resort 
Symposium will couple three half-day, interactive educa-
tional sessions with optional group excursions to build 
camaraderie and experience the island nation’s natural 
beauty. 

Against a canvas of warm sun, soft white sand and 
turquoise Caribbean waters, you will absorb diagnostics, 
treatments and techniques to raise the level of patient care 
you provide to clients. 

The Jan. 25 session, led by Dr. Travis Henry and focused 
on dentistry, will help you expand your practice offerings 
to include this emerging growth service area. Presentations 
will encompass the oral exam, obtaining and interpreting 
dental films, necessary instrumentation, tooth resorption, 
and diagnostic and treatment plans for both periodontal 
and endodontic disease.

The Jan. 26 session, centered on foal medicine with Dr. 
Phoebe Smith, will equip you to diagnose and treat the 
variety of ailments presented by your youngest patients. 
Presentations will cover high-risk pregnancy, prematurity 
and dysmaturity, medical procedures in neonatal foals, and 
genetic disease and heritable disorders. The session will 
close with case presentations from field-based internists.

The Jan. 27 session, led by Dr. Michael Ross and devoted 
to lameness in the performance horse, will elucidate chal-
lenging gait deficits, examine subchondral bone pain, and 

debate the value of surgical management of suspensory 
desmitis and superficial digital flexor tendonitis. The 
session will conclude with case presentations that include 
video, images and discussion of management.

To view the complete educational program or to register 
for the meeting and optional group excursions, visit 
www.aaep.org/info/resort-symposium. 

Thanks to IDEXX Laboratories, Luitpold Animal Health 
and Merial for their sponsorship of the 18th Annual 
Resort Symposium.

The Ragged Point Lighthouse offers picturesque views of 
nearly the entire East Coast of Barbados.

EquiManagement joins AAEP Media Partner program 

EquiManagement has joined the ranks of AAEP Media Partners, a program that now consists of three equine healthcare 
media outlets dedicated to providing resources and education through the AAEP to equine veterinarians and horse owners 
to improve the health and welfare of the horse. 

EquiManagement has been a strong advocate of the AAEP and 
its members’ education through the distribution of its quarterly 
publication to all AAEP members and support of the AAEP’s 
Annual Convention as both an exhibitor and sponsor. 

Started in 2009, EquiManagement is the only magazine and website developed to focus solely on the business of equine 
veterinary medicine. EquiManagement is owned by Active Interest Media, which is the largest network of equine 
publications and websites in the industry. Through articles, downloads, news, research, in-depth features and videos, 
EquiManagement.com provides veterinarians and business associates the information they need to better develop and 
manage their practices.
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The AAEP welcomes new members and congratulates recent graduates

New members:
Linda Berthiaume-Atack, DVM, Woodlawn, ON
Dana L. Buchholz, DVM, East Concord, NY
Julia Gibson, DVM, Catlett, VA
Samantha Hudgins, DVM, Grantsville, MD
Sylvia Minnis, DVM, Palmer, IL
Clifton D. Paulsen, DVM, Cedar Falls, IA
David E. Tumlinson, DVM, Montrose, CO
Travis Whitlow, DVM, Mt. Juliet, TN

Recent graduates:
Katie Atwood, DVM, Lexington, KY
Emily Bardo, DVM, Oakdale, CA
Nicole Lynn Born, DVM, Wamego, KS
Jennifer M. Bosch, DVM, Sioux Falls, SD
Brittany Breidenbach, DVM, Lexington, KY
Cassandra Yvonne Brown, DVM, Montague, PE, Canada
Britni Burns, DVM, College Station, TX
Caren Chellgren, DVM, Manhattan, KS
Kendra  Chillemi, DVM, Stillwater, OK
Naomi Elisabeth Crabtree, DVM, Nampa, ID
Chelsea Crawford, DVM, Oconomowoc, WI
Colt Daugherty, DVM, Fort Collins, CO
Ilse Dedden, DVM BSc MSc, Saskatoon, SK, Canada
Jill Lani Dutkowski, DVM, Okemos, MI
Katey Ellis, DVM, Nicholson, GA
Elizabeth Jane Elzer, VMD, Lexington, KY
William Christopher Franklin, DVM, Georgetown, KY
Stephannie Gibson, DVM, Raleigh, NC
Leah Griffith, DVM, Warnerville, NY
Rita Hemmings, DVM, Mount Airy, NC
Frances Elizabeth Hinkle, DVM, Lexington, KY
Tyne Hovda, DVM, Lexington, KY
Emma Hummer, DVM, Davis, CA
Jeremy Kalisch, DVM, Cody, WY
Ricci Karkula, DVM, College Station, TX
Jamie Rose Klements, DVM, Morrow, OH

Craig Schmidt Lesser, DVM, Albertville, MN
Susannah S. Lewis, DVM, Georgetown, KY
Alexandra Linn, DVM, St. Paul, MN
Cindy Lukianchuk, DVM, Saskatoon, SK, Canada
Alison MacKay-Lyons, DVM, Halifax, NS, Canada
Marisa Markey, DVM, Oakville, ON, Canada
Andrew K. McClain, DVM, Edmond , OK
Kaitlin McDonald, DVM, Calgary, AB, Canada
Lily Frances Meisner, DVM, Fort Collins, CO
Lauren Mundy, DVM, Lexington, KY
Kathryn Anna Nenneker, DVM, Guelph, ON, Canada
Jody Norris, DVM, Caldwell, TX
Leah Northfield, DVM, Chateauguay, QC, Canada
Morgan Day O’Brien, DVM, Bassetterre, St. Kitts, British 

West Indies
Allison Parnell, DVM, Germantown, TN
Kristen Philpott, DVM, Sacramento, CA
Mariya Pitel, DVM, Pacific Grove, CA
Stephanie Regan, DVM, Lexington, KY
Holly Roessner, DVM, East Lansing, MI
Lindsay Rogers, DVM BSc, Saskatoon, SK, Canada
Robin Schroeder, DVM, Ames, IA
Karley Seagrist, DVM, Sheffield, ON, Canada
Katharine Sharon, DVM, Landenberg, PA
Jared John Sharp, DVM, Corvallis, OR
Lee-Anne Elizabeth Shumate, DVM, Cumming, GA
Katherine Sickler, DVM, St. Paul, MN
Anne Marie Clarisa Skiffington, DVM, North Smithfield, RI
Kimberly Spalding, DVM, Tucson, AZ
Bailee Stanton, DVM, Exshaw, AB, Canada
Jesse Sugrue, DVM, Christiansburg, VA
Ashley Tarasar, DVM, Edgerton, MN
Jennifer Tucker, DVM, Starkville, MS
Kathryn Turnbull, DVM, El Paso, TX
Jelline Vautier, DVM, Folsom, CA
Connie Yearwood, DVM, Stillwater, OK

Dr. Scott Sims, owner of Pegasus Veterinary Clinic in Kilauea, Hawaii, and star of 
the Nat Geo WILD reality show “Aloha Vet,” died July 25 after a short battle with 
bladder cancer. He was 59.

Dr. Sims founded Pegasus Veterinary Clinic in Novato, Calif., shortly after 
graduating from the University of California, Davis in 1984. He transferred his 
practice in 2002 to the Hawaiian island of Kauai, where he treated animals large 
and small across the island and made house calls to surrounding islands in a plane 
he built and piloted. Locals called him the “Barefoot Vet” because he was shoeless 
most of the time.

His unique practice and compassion for animals caught the attention of producers at 
Nat Geo WILD. Filming for “Aloha Vet” began in 2014, and the series premiered in 
March 2015. 

Hawaii veterinarian and reality show star Dr. Scott Sims dies at 59

Dr. Scott Sims
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AAEP Educational Partner Profile: Cargill Feed & Nutrition 

Cargill Feed & Nutrition, an Educational Partner of the AAEP since 2001, is committed to translating nutrition research 
into feed solutions to improve the health of horses. With industry-leading research partners such as Texas A&M 
University, the Nutrena® and Progressive Nutrition® brands of feeds and supplements have a rich history of creating 
innovative nutrition solutions.

We have access to more than 60 international research facilities. These facilities help us 
to understand both the chemical composition of ingredients and the digestion of actual 
nutrients in the animal by using the most sophisticated in vitro digestibility techniques 
in the world. These finding are then used to develop Nutrena and Progressive Nutrition 
branded products. 

“Through the Nutrena and Progressive Nutrition brands, Cargill Feed & Nutrition is committed to supporting equine 
veterinarians when it comes to nutrition solutions,” says Abby Keegan, equine innovation and application lead and liaison 
to the AAEP. “With a full bucket of solutions, great consultants and our U.S. Equine Enterprise Team, we offer unique, 
useful tools that provide distinctive value to your clients, like our Progressive Nutrition Mares Milk Analysis Kit which 
helps veterinarians to identify and correct nutrient gaps for the nursing foal.” 

We know you need nutrition solutions at your fingertips, so we have created a mobile website (www.VetNutritionInfo.com) 
that provides a vast array of information on nutrition-related disorders, recommendations and products you can order. 
Have an idea? We also encourage equine veterinarians to reach out to us and find out ways we can partner to better help 
you support your clients.

Cargill Feed & Nutrition offers quality products that are backed by research such as SafeChoice® Senior and ProForce® 
Fuel, and a Veterinary Care™ line of vet-only nutrition solutions, within our Progressive Nutrition products. For more 
information and a complete product listing, visit www.NutrenaWorld.com.

AAEP Foundation distributes $300,000 in support of equine welfare 

The AAEP Foundation recently provided $300,320 in support of 25 equine 
organizations and special projects committed to improving the welfare of the 
horse. The 2015 allotment brings the cumulative amount dispensed since its 
inception to $3.3 million. 
 
Among the initiatives receiving support are student veterinary scholarships and 
educational programs, important equine laminitis research, Equitarian workshops, 
unwanted horse programs, and professional and youth development. 

New initiatives to receive funding include the AAEP’s recently announced 
Exercise-Induced Pulmonary Hemorrhage Research Planning Summit; the 
Thoroughbred Makeover and National Symposium; the 10th International 
Equine Infectious Diseases Conference Practitioner’s Day; the EQUUS 
Foundation’s recently launched Equine Education Network; and the 12th 
International Equine Colic Research Symposium.

For a complete list of 2015 grant recipients, visit www.aaepfoundation.org  
and click the “Our Work” tab. 

Unwanted horse programs, including 
the American Horse Council’s 
Operation Gelding, received financial 
support from the AAEP Foundation.

http://www.VetNutritionInfo.com
http://www.NutrenaWorld.com
http://www.aaepfoundation.org
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AAEP Meetings and Continuing Education

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

Membership Benefits

December 5-9, 2015

61st Annual Convention
Las Vegas, Nevada

January 25-27, 2016

18th Annual Resort Symposium
Hilton Barbados
Bridgetown, Barbados

Knowledge and networking opportunities merge at AAEP Annual Convention

“One of the best parts of my AAEP membership is attending the annual convention. 
The quality and variety of presentations is always excellent, and there are so many 
opportunities to make friends and catch up with old ones—some of whom I only see 
once a year at the meeting but can fall back into step with almost immediately and catch 
up on old times. Without a doubt, the trade show is the best in the business and not to 
be missed. If you can’t find it there, then it doesn’t exist!” —Emma Read, DVM, MVSc, 
DACVS, Calgary, Alberta, Canada

The AAEP’s Annual Convention is the world’s largest continuing education event 
dedicated to equine veterinary practice, and AAEP members receive a substantial 
discount on their registration compared to non-members.

With a choice from approximately 100 hours of continuing education credit, practitioners 
can acquire the most current clinical knowledge in diverse and important areas of equine 
medicine along with best business practices that are essential to a healthy bottom line. 

The vast educational program is supplemented by daily networking and social events, which connect colleagues and 
expand professional footprints; and an expansive trade show that offers innovative solutions to practice challenges 
from more than 300 exhibitors.

The AAEP’s 61st Annual Convention will be held Dec. 5-9, 2015, at the Mandalay Bay Convention Center in  
Las Vegas, Nev. Prospective attendees are encouraged to register by Nov. 6 to receive a $70 discount on the  
standard registration rate. To register for the convention, book a hotel room or view the educational program,  
visit www.aaep.org/info/annual-convention. 

Dr. Emma Read

AAEP group purchasing program qualifies your practice for substantial savings

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

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

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

membership benefit, contact  
Nick Altwies, membership services 

coordinator, at naltwies@aaep.org.

http://www.aaep.org
http://www.aaep.org/info/annual-convention
http://www.theveterinaryclub.com
mailto:naltwies@aaep.org


IMPORTANT SAFETY INFORMATION: Do not use QUEST Gel or QUEST PLUS Gel in foals less than 6 months of age or in sick, debilitated 
and underweight horses. Do not use in other animal species, as severe adverse reactions, including fatalities in dogs, may result.
 
1 Mason ME, Voris ND, Ortis HA, Geeding AA, Kaplan RM. Comparison of a single dose of moxidectin and a fi ve-day course of fenbendazole to reduce and suppress cyathostomin fecal egg counts in a herd of embryo 
transfer-recipient mares. J Awm Vet Med Assoc 2014;245(8):944-951. 

*This study compared QUEST (moxidectin) Gel with Panacur Powerpac (fenbendazole). 
All trademarks are the property of Zoetis Inc., its affi  liates and/or its licensors. All other trademarks are the property of their respective owners. ©2015 Zoetis Inc. All rights reserved. QST-00032

Don’t let it 
come to this. 

Stop making things hard on yourself and your horse. With just one dose, QUEST  PLUS (moxidectin/praziquantel) Gel treats and 

controls encysted small strongyle larvae, bots and tapeworms. Compare that with Panacur  Powerpac, which requires a double 

dose every day for fi ve days and still doesn’t treat bots or tapeworms. And a recent study showed moxidectin reduced fecal egg 

counts by 99.9%. Panacur Powerpac was only 42% eff ective.1,* QUEST PLUS: The Power of One. QuestHorse.com

http://www.QuestHorse.com


Scientifi cally proven formula
Contains Saccharomyces boulardii and fermentation metabolites, which 
sustain both healthy gut tissues and a robust microfl ora population

Recommended for:
Horses with acute or chronic diarrhea, scouring foals; stressed or ill horses

ProbioticWise supports: 
• Agglutination and suppression of the pathogenic bacterium
• Complete digestion of starch/sugar (NSC feedstuff s) in the foregut 
• Growth and activity of benefi cial bacteria
• Optimal functionality and healing of the mucosal lining
• Restoration of normal GI tract function

ProbioticWise™ off ers benefi ts beyond 
those of other probiotic formulas 

Available at veterinary suppliers. 
For more information, call 
800-772-1988.

Developed by:

KPPvet.com EVE2014-08

http://www.KPPvet.com


Highlights of recent clinically relevant papers

Diffusion of mepivacaine from tendon sheaths

This study by M. Jordana and colleagues at Ghent University,
Belgium, evaluated the extent of diffusion of mepivacaine to
adjacent synovial structures following intrasynovial injection
into the digital flexor tendon sheath (DFTS).

Eight horses with no clinical or radiographic orthopaedic
abnormalities were included. Under general anaesthesia in
lateral recumbency, each horse had synoviocentesis of the
DFTS performed on the uppermost forelimb and hindlimb. At
the same time venous blood samples were obtained. A
standard dose of mepivacaine (1 ml/50 kg bwt) was injected
into the same limbs from which synovial fluid had been
sampled. Samples of synovial fluid were then aspirated
from the treated tendon sheaths as well as the
metacarpophalangeal/metarsophalangeal joint, proximal
interphalangeal joint, distal interphalangeal joint and
navicular bursa in the injected limbs and the contralateral
metacarpophalangeal/metatarsophalangeal joint 15 min
(forelimb) and 60 min (hindlimb) post injection with blood
samples at the same timepoints. The protocol was repeated
2 weeks later except that the forelimb sites were sampled at
60 min and the hindlimb sites at 15 min.

All tendon sheath injections resulted in mepivacaine
concentrations within synovial fluid well above those required
for analgesia. Very low mepivacaine concentrations were
found in all adjacent synovial structures sampled, and even
the highest of these was well below a clinically relevant
level. The concentrations in adjacent structures were all
higher at 60 min post injection than at 15 min, with the
exception of the navicular bursa. There were no statistically
significant differences between the concentrations in each
adjacent synovial structure. Concentrations in blood were
also below clinically significant concentrations at both time
points. As the study was carried out in sound horses, further
studies are required to test whether similar observations are
made in horses with DFTS pathology and effusion and using
different doses of mepivacaine.

Effects of preoperative hypertonic saline or
pentastarch solution in horses with colic

In this prospective, randomised study Alexandra Dugdale and
colleagues in the UK compared the effects of preoperatively
administered pentastarch and hypertonic saline solutions on
packed cell volume (PCV) and circulating total protein (TP)
concentration in horses with colic undergoing emergency
exploratory laparotomy, and assessed survival rates of the
horses that received each treatment.

The 100 horses in this study all had signs of abdominal pain
and PCV ≥ 0.46 l/l. Fifty horses received a 4 ml/kg bwt dose of
pentastarch solution (10% concentration in isotonic saline [0.9%
NaCl] solution) and 50 horses received hypertonic saline
solution (7.2% NaCl) over a period of 10–20 min before
anaesthetic induction. Blood samples were collected at initial
evaluation and ≤5 min after fluid resuscitation; changes in PCV
and TP concentration were compared. Kaplan–Meier and Cox
proportional hazards analyses were used to evaluate survival.

Age, weight, sex, PCV, and heart rate on initial examination
were similar between treatment groups. Hypertonic saline

solution treatment resulted in a significantly greater reduction in
PCV than the pentastarch treatment (median change �0.14 l/l
and �0.07 l/l, respectively). Reduction in TP concentration was
significantly greater after hypertonic saline solution treatment
than after pentastarch treatment (median change �16 g/l and
�2 g/l, respectively). Long-term survival was not significantly
different between groups.

Despite a greater reduction in pre-anaesthetic
haemoconcentration after administration of hypertonic saline
solution, no difference in overall long-term survival was found
between horses receiving this treatment or an equal volume
of pentastarch solution. These findings suggest that, in a
clinical setting, either of these fluids would be appropriate for
preoperative fluid resuscitation in horses with colic.

Probiotics to prevent foal diarrhoea

Up to 60% of foals develop diarrhoea in their first 6 months of
life. Angelika Schoster and colleagues in Switzerland,
Denmark and Canada believed that probiotics may help
prevent diarrhoea and therefore performed a randomised
field trial to evaluate the effect of a newly designed probiotic
on the incidence of foal diarrhoea.

Seventy-two healthy neonatal foals were administered a
placebo or probiotic for 3 weeks and were monitored for
an additional week. Three faecal samples were taken
from each foal at biweekly intervals. Statistical modelling
was applied for comparison of incidence and duration
of diarrhoea and faecal shedding of Clostridium
perfringens and Clostridium difficile between treatment and
age groups.

The overall incidence of diarrhoea was 59% and did not
differ between treatment groups. Foals treated with probiotics
were more likely to develop diarrhoea requiring veterinary
intervention. Age had a significant effect on incidence of
diarrhoea; foals 8–15 days old had the highest probability of
developing diarrhoea. Duration of diarrhoea and soft faeces
were not significantly different between groups. The
prevalence of C. perfringens shedding was 55% with no
difference between treatment groups. The prevalence of
C. difficile shedding was 11%.

The authors concluded that there was no benefit of
administering a 3-week course of probiotics, but potential
adverse effects were noted. Clostridial shedding was not
influenced by probiotics despite in vitro activity of probiotics.

Tramadol in chronic laminitis

In this nonrandomised trial, A. Guedes and colleagues in the
USA investigated whether two different doses of tramadol
were useful for analgesia in chronic laminitis cases.

Four horses with bilateral forelimb laminitis of over 6 months
duration were used. Weight withdrawal of a specific forelimb
(off-loading) was measured using a force plate system.
Baseline measurements for the off-loading of each forelimb
were determined, along with physiological parameters
including heart rate, respiratory rate, gastrointestinal sounds
and noninvasive blood pressure. These measurements were
repeated on Days 1, 3, 5 and 7 during tramadol treatment.

© 2015 EVJ Ltd
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Two dosing regimes of tramadol were tested; firstly
5 mg/kg bwt was administered orally every 12 h for 7 days,
then after a 7-day washout period, a 10 mg/kg bwt dose
was administered in the same way. Venous blood samples
were taken 1, 3, 6 and 9 h following the morning dose of
tramadol on Days 1, 3, 5 and 7. Plasma was tested for
tramadol and its metabolites using a liquid chromatography
mass spectrometry method.

Physiological variables did not change significantly over
the study period and between the two tramadol dosing
regimes. This is likely to be related to the selection of stable
chronic cases for the study and their strict management. Off-
loading frequencies of the forelimbs per minute were
decreased compared with baseline values during both
treatment regimes, although these differences were only
statistically significant at the 10 mg/kg bwt dose when off-
loading was reduced by 40% but this incomplete reduction
indicates that tramadol used alone does not provide
adequate analgesia in these cases.

The median plasma tramadol concentrations at the
10 mg/kg bwt dose are similar to concentrations reported to
provide effective post operative analgesia in humans. The
concentration of tramadol’s metabolites were on average
over the 7-day period below the concentrations at which
analgesic effects are observed in humans, although their
analgesic effects in horses are not yet well established.
Notably, doubling the administered dose also proportionally
increased the plasma concentration of tramadol and its
metabolites, reducing the likelihood that poor bioavailability
is an issue in equine clinical cases.

The authors concluded that tramadol at a dose rate of
10 mg/kg bwt orally twice daily provides demonstrable
analgesia in stable chronic laminitis cases, but at insufficient
levels to be used as a sole agent. Tramadol is best employed
as part of a multi-modal analgesic regime.

Caley pea intoxication

Caley pea (Lathyrus hirsutus) is potentially toxic to horses. In
this case series T. Holbrook and colleagues in the USA
described the clinical signs of horses intoxicated with Lathyrus
hirsutus and speculated on the neuroanatomical lesion
localisation and pathogenesis based on their observations.

Twenty-two of 25 horses aged 6–34 months were
affected. Five affected horses were presented to the
Oklahoma State University Centre for Veterinary Health
Sciences for evaluation and treatment. One horse that had
been subjected to euthanasia was presented for necropsy.
Diagnostic evaluation included physical examination, CBC,
serum biochemistry, CSF analysis, EMG, ERG, upper airway
endoscopy, muscle biopsy, and serum vitamin E analysis. The
grain consumed by the affected horses was analysed for
ionophores and cultured for fungi, and the hay was
examined for toxic plants.

Large quantities of mature Lathyrus hirsutus were found in
Bermuda grass hay consumed by the horses. Acute clinical
signs conformed to earlier descriptions of Lathyrus hirsutus
intoxication in cattle. Residual neurological signs were
characterised by incoordination in the rhythmicity of multiple
gaits. One of the five horses biopsied had evidence of mild
neurogenic muscle atrophy.

Caley pea intoxication may occur within days of seed
pod consumption. The neurological signs suggest involvement

of the upper motor neuron system and regions of the spinal
cord influencing voluntary motor movement. The risk of
toxicosis may increase when there are drought conditions
during plant growth.

Recurrence of atrial fibrillation in horses

In this retrospective study Annelies Decloedt and colleagues
in Belgium, Switzerland and the USA examined the prognostic
value of atrial mechanical function 24 h after cardioversion
and other potential predictor variables for atrial fibrillation
(AF) recurrence in horses.

Atrial fibrillation can be successfully treated in horses, but
it frequently recurs. In humans, atrial function after
cardioversion can predict recurrence. This study included 117
horses that had successful cardioversion, echocardiography
at 24 h after cardioversion and ≥4 months follow-up. A
multivariable survival model was built to determine factors
associated with AF recurrence.

A total of 133 AF episodes in 117 horses were included.
Atrial fibrillation recurred in 36/100 horses with a first AF
episode and in 57/133 AF episodes overall. Factors
associated with recurrence in horses with a first episode were
previous unsuccessful treatment attempt, and mild or
moderate mitral regurgitation. When the last AF episode of all
horses was included, previous AF and active left atrial
fractional area change ≤9.6% were significant predictors.

Low active left atrial fractional area change was found to
be the only echocardiographic variable of left atrial function
with significant prognostic value for recurrence. Further
research is necessary to evaluate whether echocardiography
at a later timepoint could provide more prognostic
information.

S. WRIGHT
EVE Editorial Office
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Editorial

Horses, saddles and riders: Applying the science

An enthusiastic crowd of 400 people gathered at Anglia
Ruskin University in Cambridge, UK on 29 November 2014 for
the second International Saddle Research Trust Conference
on the theme of Horses, Saddles and Riders: Applying the
Science. The conference was organised under the auspices
of the Saddle Research Trust (SRT) which is a charitable
organisation based in the UK established with the intention of
stimulating and supporting research into the influence of
saddles on the welfare, performance and safety of horses
and riders using objective scientific methods. The SRT aims to
provide a coordinated, focused approach to research in
these areas, to facilitate publication of the findings in
scientific journals and dissemination of the results to the
equestrian world. This approach allows the SRT to act as a link
between research, education and the industry. The trust
supports research into all aspects of the interaction between
the horse, saddle and rider. Areas of specific recent interest
include studying welfare, performance and safety issues
related to the use of a saddle, the role of the saddle in
equine and human back problems, characterising
behavioural issues of horses associated with saddle-related
discomfort, assessing the effects of saddle design on rider
performance and health and designing saddles for disabled
riders. Further information about the SRT is available on the
website www.saddleresearchtrust.com. Sponsors of the
conference were World Horse Welfare, a practical and
forward-thinking charity that believes in using scientific
evidence to help guide its work, Amerigo saddlers, a
company that advocates research as a basis for improving
product design, the British Equestrian Federation (BEF) and
Horse and Hound.

The morning programme, chaired by Dr Charlotte
Nevison, Director of Research Students, Faculty of Science
and Technology, Anglia Ruskin University, explored the
relationship between horse, saddle and rider with particular
emphasis on research that has been reported since the first
SRT conference 2 years earlier.

The conference began with a lecture from Anne Bondi,
founder and director of the SRT, that focused on the
complexity of the horse, saddle and rider interaction and
discussed how welfare, performance and safety issues can
arise when the 3 elements do not interact optimally. She
talked about the issues faced by competitors who
participate in seated sports including cyclists, rowers and
riders, focusing on their interface with the saddle or seat. She
showed some graphic photos of injuries sustained during
these sports to emphasise the necessity of ensuring that the
saddle fits the rider to facilitate an effective and pain-free
performance. She reported on a study carried out with her
co-authors at the University of Sunderland that measured
asymmetry in the rider, using hip rotation as the marker
(Gandy et al. 2014). This revealed that 83% of the
participants showed up to 30° more rotation in the right hip
compared with the left, which could contribute to rider injury
(Fig 1).

The next speaker was Dr Sue Dyson, Head of Clinical
Orthopaedics at the Centre for Equine Studies at the Animal
Health Trust (AHT) who described a series of studies
performed with doctoral student Line Greve. The first topic
built on some preliminary data presented at the first SRT
Workshop that addresses why the entire saddle slips to one
side. Asymmetries of the horse, the rider or the saddle can
contribute to the problem and 2 studies were performed in
an effort to learn more about the aetiology of saddle slip. In
the first study, 128 lame and sound horses were assessed, all
ridden by at least 2 riders (Greve and Dyson 2013). Seventy-
one horses had hindlimb lameness, 54% of which had saddle
slip when ridden by at least 2 riders (Fig 2). In 97% of horses
saddle slip was abolished when lameness was eliminated by
diagnostic analgesia, verifying a causal relationship. In 2
horses the saddle continued to slip after resolution of
lameness. Both horses had asymmetrically flocked saddles
and when ridden with correctly fitting saddles, no saddle slip
was apparent. Neither the severity of lameness nor the
source of pain within the limb affected the presence or
absence of saddle slip. When associated with lameness, the
amount of slippage was greater with a lightweight rider than
with a heavier rider. However, the reverse was true when
slippage was a consequence of the saddle being
constructed asymmetrically.

In the second study, the authors examined 506 horses
from 80 yards (Greve and Dyson 2014a). Saddle slip was
identified in 62 horses and was most often associated with
the presence of hindlimb lameness, with or without
concurrent forelimb lameness, or gait abnormalities although
most of the riders were not aware that their horse was lame.
Horses with hindlimb lameness were 52 times more likely to
have saddle slip than nonlame horses. In the majority (60%) of
cases, the saddle slipped toward the side corresponding with
the lame or more lame limb and was greater on circles than
straight lines.

The horse’s back shape and symmetry were also
contributing factors. A saddle that fits well, has even
contact with the horse’s back and is flocked uniformly is
actually more likely to slip than a poorly-fitting saddle
(Greve and Dyson 2014a). It is thought that the less well
fitted areas offer resistance to slipping and help to hold the
saddle in place. On the other hand, when the saddle is
perfectly fitted, there are no obstructions to prevent it from
sliding over the horse’s back. A more convex (rounded)
back shape, especially in the region under the caudal
aspect of the saddle, also contributed to slippage.
Crookedness of the rider was more likely to be an effect,
rather than a cause, of saddle slip; when the saddle has
shifted to one side, it is almost impossible for the rider to sit
vertically in the middle of the horse’s back. Veterinarians
and trainers should be diligent in observing the rider and
saddle from the front and rear to check whether they are
centred and symmetrical (Fig 3). If the saddle persistently
slips to one side, it may help to have a rider who is known
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to be symmetrical ride the horse and, if the saddle still slips
to the same side, then a lameness evaluation should be
considered.

A longitudinal study of changes in back dimensions over
a period of one year was performed in 104 horses with
measurements being made every second month. Shape
changes were positively influenced by improved saddle fit,
increased work level, season (summer vs. winter) and
increased bodyweight, whereas lameness and back
asymmetries had a negative effect (Greve and Dyson
2015a). The lighter the rider relative to the horse, the greater
the changes. Showjumpers had smaller changes in back
dimensions and greater frequency of back asymmetries than
horses competing in other disciplines. Survey data indicate
that in the UK about a third of riders have their saddles
checked annually (Greve and Dyson 2015b) but Dr Dyson
suggested that, based on the frequency of back shape
changes in their study, saddle fit should be evaluated several
times a year.

Not only does the horse’s back shape change during the
course of a year, back dimensions also differ before and
immediately after exercise (Greve and Dyson 2014b). Greater
increases in back width occur in sound horses compared with
lame horses and when the horse is ridden by a more skilled
rider. A saddle that fits correctly at the start of exercise may
become tight and potentially restrictive during and
immediately after exercise.

Professor Emerita Hilary Clayton from Sport Horse Science,
Michigan, USA concluded the morning session with a talk that
reviewed some new research on rider technique and
described how the sophisticated technology used in research
laboratories is being adapted to provide simple, inexpensive
equipment that can be used by riders, trainers and
veterinarians to record, analyse and store information

b)a) c)

d)

Fig 1: a) Caudal view of a rider wearing the Exsens body suit. Note the outward rotation of the right foot reflecting outward rotation of
the rider’s right leg from the coxofemoral joint distally. The right heel is higher than the left. b) Caudal modelled view of the rider; the
black right leg is rotated out more than the brown left leg. c) Cranial modelled view of the rider; the black right leg is rotated out more
than the brown left leg. d) Modelled image from the side showing the asymmetric leg positions.

b)a)

Fig 2: Saddle slip caused by hindlimb lameness. a) The dressage
saddle is slipping to the left. b) The western saddle is slipping to
the right. In both horses abolition of hindlimb lameness by
diagnostic analgesia resolved the saddle slip.
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describing horse and/or rider performance. The examples she
presented are Coach’s Eye <http://coachseye.com/>, the
Smart Ride Balance Sensor <http://www.equi-sens.com/> and
the Level Belt Pro app from Perfect Practice Pro <http://
perfectpracticeusa.com/>.

Coach’s Eye is a simple, inexpensive app for a smart
phone or tablet used to record, manipulate and analyse
videos. It uses tools such as split screen display of 2
synchronised videos to compare different horses or monitor
one horse over time. The easy-to-use video drawing tools are
similar to those used to highlight aspects of athletic
performances on television. Key moments can be viewed
repeatedly with precise video scrubbing and slow-motion
playback. Feedback can be given immediately after a
performance or the video can be stored indefinitely with
retrieval of archived videos being facilitated by the tagging,
sorting and search functions. This type of software has many
veterinary applications for evaluating movements of horse
and rider, storing the data and for sharing videos when
seeking a second opinion.

The Smart Ride Balance Sensor is a portable electronic
training system worn by riders to provide real-time feedback
about their balance and symmetry in the saddle. It consists of
a pad instrumented with dozens of sensors and enclosed in a
neoprene pouch that fits into a special pair of breeches. The
breeches come in multiple sizes and are worn over the rider’s
normal outer wear. The sensor pad continually measures
force exerted on the saddle by the rider and sends the
information to a controller containing a microprocessor,
rechargeable battery and all of the supporting circuitry
necessary to process signals from the sensor pad. The
controller fits into a pocket on the breeches on the outside of
the rider’s thigh where it is out of the way of the reins, whip,
etc. It processes thousands of signals per second from the
sensor pad and computes the location of the rider’s centre
of force. This information is conveyed to the rider through a
pair of vibrating buzzers placed inside the rider’s waistband.
When activated they feel like a cell phone on vibration
mode. The controller unit also contains a super bright
indicator light that provides a visual signal. If the rider exerts
more force on the right side of the sensor pad, the right
buzzer vibrates and the light on the controller is red. If the
rider exerts more force on the left side, the left buzzer vibrates

and the light on the controller is green. If the rider’s weight is
symmetrical on the left and right sides, both buzzers vibrate
and the light on the controller is blue. After riding with the
balance sensor riders become more aware of their weight
distribution and symmetry. Dr Clayton emphasised that
measurements should be made with the saddle centred on
the horse’s back and with the girth tightened. The sensor pad
must also be centred under the rider’s seat so the centre
seam of the breeches aligns with the middle of the rider’s
body. The sensors cannot compensate for horses that move
asymmetrically or are lame, or for saddles that slip to the side
or are built asymmetrically.

The Level Belt Pro app works on a smart phone or iPod to
help athletes improve their core strength and control by
providing instant feedback about movements of the pelvis
and/or the trunk. It uses the inertial sensor inside the phone
that changes the orientation of the display when the phone
is rotated. The app applies this sensor to detect when the
person wearing it leans forwards/backwards (anterior/
posterior tilt) or sideways (lateral lean). The company offers a
neoprene Level Belt with an attached holder for the phone
to secure it around the rider’s pelvis or chest. After warming-
up the horse and tightening the girth, the sensors are zeroed
prior to starting data collection. It is important for the horse to
stand squarely on level ground and the rider to sit in a neutral
position when zeroing the device because the subsequent
measurements are made relative to the zero value. A buzzing
sound informs the rider when the pelvis or the trunk is tilted
forwards/backwards or is leaning to the left or right sides by
more than the chosen amount (6, 8 or 10°). The Level Belt Pro
records the angles continuously throughout each trial and
the values can later be downloaded. In addition to using it
while riding, the Level Belt Pro can be used in the gym to
monitor thoracic and pelvic stability during core training.

The afternoon session was chaired by John McEwen, BEF
Director of Equine Sports Science and Medicine. The talks
covered several aspects of the horse-saddle-rider interaction
starting with a description of the kinematics of the equine
thoracolumbar spine by Professor Christian Peham, Leader of
the Movement Science Group, University of Veterinary
Medicine, Vienna. He traced the progression of research on
the horse’s back from anatomical and kinematic studies of
cadavers (Townsend et al. 1983; Townsend and Leach 1984)

b)a) c)

Fig 3: A crooked rider will have a huge influence on the forces transmitted via the saddle to the horse’s thoracolumbar region. a) The
rider’s right shoulder and elbow are lower than the left. The left leg is drawn up and back. b) The rider is sitting to the left with concavity
of the right side of her body. The right leg is drawn up and backwards. c) The rider is tipping forward to the right with her weight shifted
to the left
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through static and dynamic kinematic analysis of live horses
(Faber et al. 2001), to modelling studies (Groesel et al. 2010).
Some of the kinematic studies of the horse’s back have been
based on bone-fixed markers to avoid errors that arise when
the skin slides over the underlying bones (Faber et al. 2001).
An alternative method that uses inverse kinematics to
overcome the drawbacks of the use of skin markers for spinal
kinematic analysis in horses was described (Zsoldos et al.
2010a). Professor Peham also talked about the development
of spinal models based on research data and the future role
of motion analysis as a diagnostic aid in horses with back
problems. He pointed out that most of the published work on
spinal kinematics has been performed in sound horses and
there is a lack of information from horses known to have
back pathologies. It will be necessary to evaluate information
describing kinematics, forces and muscle activity from sound
horses, lame horses and horses with back problems before
motion analysis can be applied diagnostically. Given the
necessary background data and methodological
improvements, motion analysis may become a useful clinical
tool for the diagnosis of back problems (Zsoldos et al. 2010b).

Professor Lars Roepstorff, Department of Veterinary
Anatomy and Physiology, Swedish University of Agricultural
Sciences introduced the topic of the influence of the rider,
which is certainly recognised as playing a role in the horse’s
locomotor health. Considerable attention is being focused on
rider asymmetry as a possible cause of lameness although
sometimes it is difficult to distinguish whether rider asymmetry
makes the horse crooked or vice versa. Professor Roepstorff is
currently working with the Lameness Locator, developed at
the University of Missouri, which indicates whether the horse is
lame and, if so, which limb(s) are affected, the degree of
lameness and the phase of the motion cycle that is primarily
affected. He is using it in conjunction with a sensor on the
rider to evaluate how much the rider affects an existing
asymmetry in the horse. After introducing the topic, Professor
Roepstorff handed the microphone to doctoral student Maria
Terese Engell, who described her studies of the rider and,
specifically, how postural defects during standing and
walking can affect riding performance. Research in other
sports has shown that good posture and body awareness are
the foundations for an athlete to develop balance and
rhythm. She then outlined her study of riders with foot
pronation in which she is comparing how the subjects walk
when they are barefoot, wearing running shoes and wearing
corrective shoes. She also evaluates the same riders sitting on
a special chair and when riding a horse to determine the
effect of foot pronation on performance in the saddle.

The effects of saddle design and function, presented by
Dr Katja Geser-von Peinen, University of Zurich, explored the
effects of different types of saddles in relation to their design
characteristics. The solid wooden tree that is typical of a
Western saddle is fundamentally different from the spring tree
typically found in an English saddle. The traditional
beechwood tree has largely been replaced by trees made
of synthetic materials that change the physical properties
and responses of the saddle. Panels filled with wool, foam or
air are an integral part of the English saddle, whereas
Western saddles rely on the use of a thick pad to provide
cushioning and are built with a curved shape to avoid
bridging. When present, the panels of a saddle should
distribute the rider’s weight fairly evenly over a large area
without the presence of pressure points and should allow the

horse’s muscles to work freely during locomotion. One of the
problems in achieving this is that saddles are fitted in a
standing posture and the horse’s back shape changes during
locomotion with a characteristic pressure pattern being
recognised for each gait. The most difficult gait for the saddle
to accommodate is the rising trot during which the rider’s
weight shifts substantially with high pressure being exerted
during the rise when the stirrups are weighted and the
loaded area decreases (Fig 4). Dr von Peinen recommends
fitting the saddle for the horse in motion rather than for a
static position but indicated that different functional tests will
be needed to accommodate the requirements of specific
sports. Her research has provided guidelines regarding
pressure thresholds associated with localised ischaemia and
back soreness (Von Peinen et al. 2010).

As an alternative to a traditional treed saddle, a treeless
saddle may be used and several studies of treeless saddles
have been performed. However, it should be appreciated
that treeless saddles vary in their construction and
incorporation of rigid parts, the degree of flexibility and
manner of force transfer to the horse’s back. The flocking
material affects the interaction with the horse’s back. Dr von
Peinen favours reprocessed wool as a flocking material
because it gives the lowest pressures but has found that
foam is good if shaped correctly to fit the shape of the
horse’s back. Shims are useful to redistribute pressure.
Regarding saddle pads, sheepskin may provide some
damping of the forces but gel pads have a slow response
time so although they are adequate at slow loading rates,
they are not at high loading rates.

Following the conference, scientists and industry
representatives spent 2 days addressing issues related to the
rider, saddle and horse during a research workshop
sponsored by Albion Saddlemakers and hosted by the AHT.
The topic was Saddle-fitting Fact, Prejudices and Fiction and
the programme was a mix of presentations, discussions and
breakout sessions. Delegates agreed that there had been
significant progress since the first workshop, particularly with
regard to raising awareness of saddle fit issues in the

Fig 4: Rising trot concentrates forces transmitted via the saddle
to the horse’s thoracolumbar region.
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equestrian community and raising the profile of the SRT. The
second workshop focused on the saddle and the need for
state-of-the-art techniques and equipment to facilitate
improvements in equestrian performance. Scientific study will
certainly play a role in moving forward but it was recognised
that research must be performed rigorously and be of high
scientific quality if it is to be useful. Dr Rachel Murray of the
AHT presented a talk that described research principles,
different study designs and how research results can be
applied to the industry. Her recommendations can be used
as guidelines for those preparing and performing research on
the rider-saddle-horse interface. After completing a research
study, one of the researcher’s roles is to interpret their
scientific data and present it in a way that it is meaningful to
the different sectors of the industry. This translation from
research to practice is an essential step in the process.

Industry representatives Gerry van Oosanon (Master
Saddle Fitting Consultant Society), Mark Fisher (Society of
Master Saddlers) and Sue Carson (Sue Carson Saddles)
addressed some of the issues from the perspective of the
saddle industry including the training, qualifications and
oversight of saddle fitting professionals. Approximately half of
the members of the Society of Master Saddlers (SMS) are
qualified saddle fitters which requires attendance at a 2 day
Introductory Saddle Fitting Course at which candidates are
taught to perform an assessment of the horse under static
and dynamic conditions. This is followed by at least 3 years’
of experience in the field with access to a qualified fitter to
perform saddle adjustments and attendance at a 4 day
Certification Course. However, it is difficult to meet the criteria
to join the SMS. Many of the people performing saddle fitting
in the field are not members of the SMS and do not
necessarily adhere to the SMS standards. Originally, the SMS
was formed because of the craft-based nature of the trade
but the trade has changed substantially and it was
acknowledged that changes in the industry require changes
in its regulation. The industry suffers from the fact that it does
not have a single governing body to provide guidelines for
saddle fitters, oversee training, ensure quality control and
educate the public as to what they should expect from a
saddle fitter. At the present time several of the larger saddle
manufacturers have their own training programmes, but there
appears to be enthusiasm among some saddle fitters to
come under one umbrella and work together, though
inevitably there would be resistance from those who fail to
meet the criteria of a new organisation. Delegates were keen
that the SRT should pursue this further in collaboration with the
industry as a whole.

There was considerable discussion, both at the
conference and during the workshop, as to how often
saddle fit should be evaluated. The comfort of the horse is,
of course, the main concern but the expense of frequent
saddle fit evaluations and reflocking should also be
considered since this may deter some people. The
consensus was that owners could be taught to perform a
basic saddle fit evaluation on their own horses through
one-on-one instruction or remote learning, such as web-
based tutorials, so that they can recognise when to bring
in a professional saddle fitter.

A talk from physiotherapist Tim Pigott emphasised the
need for riders to think of themselves as athletes and to
realise that riding is not enough to maximise their
performance in the saddle. Strength training, yoga, Pilates

and stability work were recommended to improve physical
fitness together with adherence to general principles of
exercise physiology such as warming up before mounting.
The importance of rider symmetry was emphasised both in
the presentation and discussion that followed. Sometimes the
rider may be the source of a horse’s back pain so it is
important to include assessment of the rider in the equation.

Dr Katja Geser-von Peinen described manual assessment
of saddle fit and the value of pressure testing. Her talk
included comparison of different types of pressure sensors
(capacitive, resistive) used in saddle pressure mats and other
technical aspects of pressure measurement in addition to a
description of clinical signs of saddle problems.

On the final day of the workshop topics of discussion
included functional saddle design from the perspectives of
horses, riders and manufacturers. Clearly, the tools currently
available are inadequate to assess saddles and saddle fit
objectively and the development of more effective
measurement tools was given high priority. However, loading
of the horse’s back is a complex issue and multiple
measurement methodologies may be required to evaluate
the different parts of the horse, saddle, and rider interaction.
Anne Bondi discussed how the design and fit of saddles has
been based on tradition rather than objective, scientific,
peer-reviewed evidence and called for the development of
an all inclusive system of training and qualification where
saddle fitters, regardless of the saddle type and the
manufacturer they work with, should be able to work towards
vocational, industry-wide standards. She explained how an
open access qualification could be developed with
progressive levels of saddle fitter qualifications and a
structured continuing professional development programme
to raise standards across the industry.

The group had considerable discussion after a second
presentation by Anne Bondi on the thorny topic of how much
weight it is reasonable for a horse to carry (Fig 5). She stressed
that there is an urgent practical need for guidelines that
address the ridden horse’s ability to perform a given task
without harm. However, she also demonstrated that loading is
a complex and multi-factorial issue, by discussing the factors
that must be taken into account, i.e. the horse (height, weight,
conformation, fitness, soundness); rider (weight, fitness,
symmetry, balance, postural control, health issues); activity
(type of work, intensity, duration, footing, terrain); saddle (load-
bearing area, fit, suitability) and locomotor ability. Some of
these factors can be measured objectively but due to the
complex interactions between them, delegates agreed it
would be a mistake to recommend a maximum weight to be
carried based solely on bodyweights of the horse and rider.
Professor Roepstorff suggested it might be possible to create a
smartphone app that would help to indicate a horse’s ability to
perform the required activity without harm based on inputs
describing the factors listed above.

In conclusion, we know more about the horse-saddle-rider
interface than we did 2 years ago but there are still many
unanswered questions. The researchers dispersed with
renewed enthusiasm for their studies and with the promise of
bringing new findings to the third SRT Conference and
Workshop.
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b)a)

Fig 5: The rider is too big for the saddle so is sitting on the back of the seat of the saddle. a) In walk the rider is in adequate balance.
b) In trot the rider’s lower leg is too far forward so that her shoulder, tuber coxae and heel are not in a straight line. The rider is therefore
out of balance and her rising rhythm was asynchronous to the horse’s trot rhythm. A large rider out of balance is potentially much more
detrimental to a horse than a large rider who is in balance
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Summary
Gastric impaction associated with large colon volvulus (LCV)
was identified in seven horses. Right dorsal displacement of
the large colon and suspected nephrosplenic entrapment
was identified in 2 of the 7 horses as well as LCV with
concurrent gastric impaction. All horses underwent surgery for
LCV and none survived. Five horses died or were subjected to
euthanasia intraoperatively or in recovery. One horse was
subjected to euthanasia post operatively due to persistent
gastric reflux, following resolution of the gastric impaction.
One horse was subjected to euthanasia post operatively due
to a suspected gastric rupture, which was confirmed on post
mortem examination. It is hypothesised that a large mass in
the cranial abdomen, such as a gastric impaction may
disrupt the normal anatomical large colon alignment or may
cause colonic motility or microbiota alterations, and thus
increase the risk of large colon displacement and volvulus.

Introduction

Gastric impactions are poorly defined in horses and are
characterised by persistent and progressive accumulation of
dehydrated ingesta in the stomach (Freeman 2011). The
condition comprised 1.4% of horses admitted to a referral
centre with colic (Bird et al. 2012) and the aetiology is poorly
understood. The diagnosis of a primary gastric impaction is
challenging and clinical signs are often very subtle (Vainio
et al. 2011). Gastric impactions are described as both primary
and secondary conditions (Owen et al. 1987; Milne et al.
1990). Intrinsic causes of gastric impactions include defective
gastric secretions, primary motility disorders and pyloric
strictures (Cummings et al. 1997). Other factors include
ingestion of foreign materials or coarse feed that may swell
after ingestion (Sanchez 2010) as well as reduced water
intake or poor dentition (Edwards 2003; Blikslager 2005; Murray
2009). Equine grass sickness and hepatic disease have been
associated with gastric impaction (Milne et al. 1990;
McGorum et al. 1999). Gastric impactions can occur as a
result of other disturbances within the intestinal tract as this
can result in altered motility (Murray 2009; Vainio et al. 2011).
Abnormal gastric motility can result in a gastric impaction
(Edwards 2003).

Gastric impaction associated with displacements of the
large colon has been reported previously (Bird et al. 2012).
Here, we report 7 cases of large colon volvulus (LCV) with

concurrent gastric impaction, presenting over 6.5 years to 3
separate clinics.

Case presentation

In this case series, the diagnosis of a gastric impaction was
made by direct palpation or by laparoscopic visualisation, by
experienced board-certified surgeons. A gastric impaction
was defined as an abnormally large stomach containing a
solid impaction of food material that extended to or beyond
the 17th rib.

Case 1
An 11-year-old 550 kg Thoroughbred gelding used for general
riding was referred for colic. The horse had been transported
for 12 h 1 week previously due to relocation of the owner and
underwent 48 h of treatment for a suspected nephrosplenic
entrapment (NSE) (including phenylephrine) prior to referral.

At presentation the horse was comfortable with an
unremarkable physical examination and laboratory analyses
(Table 1). Abdominal ultrasound and abdominal examination
per rectum yielded a strong index of suspicion of NSE with no
other abnormalities apart from axial deviation of the spleen
on rectal examination. A stomach tube was passed without
obvious abnormality and nasogastric intubation did not
reveal any net reflux. Medical therapy including withholding
feed, gentle lunging exercise and i.v. fluid therapy with a
balanced electrolyte solution (Isolec)1 was administered.
Flunixin meglumine (0.5 mg/kg bwt up to q.i.d.) for mild
abdominal pain was given. The horse was not administered
further doses of phenylephrine. On Day 3 of hospitalisation,
abdominal examination per rectum revealed the colon to be
in a normal anatomical position and a solid, hard mass was
palpable in the nephrosplenic space with continuing axial
splenic deviation. Abdominal ultrasound examination was
unremarkable and the left kidney was visible adjacent to the
spleen.

Laparoscopy was advised for further investigation. Routine
antimicrobials and nonsteroidal anti-inflammatories were
administered. During surgery, the palpable mass was
diagnosed as a gastric impaction. The colon was in a normal
position with no bowel discolouration. Subsequent
gastroscopy confirmed tightly packed fibrous ingesta up to
the distal oesophagus, which prevented further gastric
examination. Medical treatment for the gastric impaction
included gastric lavage every 4 h, which yielded large
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amounts of ingesta. Diet Coca-Cola (660 ml) was
administered via stomach tube twice daily. Ranitidine
(1.4 mg/kg bwt, i.v., t.i.d.) was initiated for rapid onset of
action and the concern that omeprazole would not be
absorbed due to the presence of the impaction. Intravenous
fluids (2–4 ml/kg bwt/h) with potassium chloride (20 mmol/l)
were continued, with urine specific gravity monitored and the
fluid rate adjusted for optimal hydration.

On Day 4 of hospitalisation, the horse displayed signs of
mild abdominal pain for approximately 6 h, which progressed
to violent colic, unresponsive to analgesia with a heart rate
of 80 beats/min. Immediate exploratory laparotomy was
recommended. The horse was routinely anaesthetised
(Table 2) and a ventral midline laparotomy was performed.
The colon was thickened and oedematous associated with a
360° anticlockwise volvulus at the level of the caecocolic
ligament. This was corrected and the colon decompressed
via a pelvic flexure enterotomy. The stomach remained
markedly distended with solid ingesta to beyond the 18th rib
space. Lavage was performed with a tube via the nares and
the stomach massaged through the abdomen. Abdominal
closure and recovery from surgery was routine. Aggressive
gastric lavage was continued several times a day post
operatively and the impaction monitored daily by
gastroscopy. Total parental nutrition (a commercially
prepared solution)2 was administered i.v. at 50% of
maintenance requirements (which was used for financial
reasons). The horse received 2.5 g/kg bwt/day glucose, 1 g/
kg bwt/day amino acids and 0.5 g/kg bwt/day lipids. On Day
6 of hospitalisation, gastric reflux was produced (2 l/h) despite
persistence of the gastric impaction, although this was
substantially smaller. Abdominal ultrasound repeatedly
revealed distended small intestine (up to 5 cm diameter) with
poor motility. Lidocaine infusion was initiated (1.3 mg/kg bwt
bolus i.v. followed by 0.05 mg/kg bwt/min) on Day 6.

On Day 8 of hospitalisation, the impaction was cleared,
and gastroscopy revealed grade 2/4 ulceration around the
margo plicatus in both the squamous and nonsquamous
parts of the stomach. Ranitidine treatment was continued.
Gastric reflux (2–3 l/h) was obtained and on Day 13 the horse
was subjected to euthanasia due to the lack of response to
treatment.

Post mortem revealed a grossly enlarged, flaccid
stomach with an estimated 35 l capacity, [reference range
5–15 l, (Wilson and Blikslager 2012)], based on filling of the
stomach with a measured amount of water. There was no
feed material in the stomach. The glandular portion was thin
walled. Deep but very focal ulceration of the nonglandular

and glandular portions relatively close to the margo plicatus
was present. The large bowel was normal. There was small
intestinal distension with no obstruction or inflammation and
ileus was the presumed cause. Gastric histopathology
revealed normal glandular mucosa and submucosa (Fig 1a).
There was marginal oedema in the muscularis externa and
serosa. The squamous mucosa had a chronic area of
ulceration close to the margo plicatus with vascular
congestion, granulation tissue and fibrosis extending deeply
into the muscularis externa locally (Fig 1b). No significant
abnormalities were detected in the autonomic plexi of the
stomach wall or the caeliacomesenteric ganglion (Fig 1c).
There was no evidence of neuronal degeneration or equine
dysautonomia observed.

Case 2
A 9-year-old 710 kg Shire gelding used for hacking presented
with severe colic signs of unknown duration. Phenylbutazone
(2.2 mg/kg bwt s.i.d. per os) had been administered for the
preceding 12 months for unrelated reasons. Heart rate was
markedly increased (Table 1). Immediate exploratory surgery
for suspected LCV was advised. The horse was routinely
anaesthetised and a ventral midline laparotomy performed.
This revealed a markedly thickened discoloured large colon
with 360° anticlockwise volvulus at the caecocolic fold that
was corrected by counter rotation. A pelvic flexure

TABLE 1: History and admission data

HR RR T MM CRT PCV TP Lactate (mmol/l) Weight loss? Hx of colic? Hx of long-term drugs?

Case 1 40 – – Pink 2 37 64 <0.6 No No None
Case 2 80 – – – – 46 56 – No No NSAIDs (12 months)
Case 3 90 38 – Purple 3 60 70 5.7 No No None
Case 4 60 – – Pink 3 40 70 0.8 No No None
Case 5 40 24 37.1 Pale pink <2 36 61 2.4 No Yes None
Case 6 90 40 – Grey 3 60 70 5.8 No Yes (mild) None
Case 7 72 68 38.6 Purple >5 75 64 3 No Yes None

HR, heart rate (beats/min); RR, respiratory rate (breaths/min); T(C), temperature (°C); MM, mucous membrane colour; CRT, capillary
refill time (s); PCV, packed cell volume, TP(g/l), total protein; Hx, history; NSAIDs, nonsteroidal anti-inflammatory drugs.

TABLE 2: General anaesthesia induction and maintenance agents
used, and preoperative antimicrobials

Induction Maintenance
Preoperative
antimicrobials

Case 1 Ketamine/
diazepam

Isoflurane Penicillin/gentamicin

Case 2 Ketamine/
diazepam

Isoflurane Pencillin/gentamicin

Case 3 Thiopentone/
diazepam/
guaifenesin

Sevoflurane Pencillin/gentamicin

Case 4 Ketamine/
diazepam

Isoflurane Pencillin/gentamicin

Case 5 Ketamine/
guaifenesin

Isoflurane Penicillin/neomycin

Case 6 Ketamine/
diazepam/
guaifenesin

Sevoflurane Penicillin/neomycin

Case 7 Ketamine/
diazepam

Sevoflurane Penicillin/neomycin
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enterotomy was performed. Palpation revealed that the
stomach was full of solid material and massively enlarged to
the 17th rib. The stomach was not lavaged. The abdomen
was closed routinely. The horse appeared to regain
consciousness in recovery but did not make any attempt to
stand and then died suddenly. Attempts at resuscitation,
including re-intubation and manual ventilation as well as
external cardiac compression were unsuccessful.

Post mortem revealed a large gastric impaction weighing
over 30 kg (Fig 2). The stomach wall appeared normal.
Histopathology was not performed. The colon was in a
correct anatomical alignment, although the mucosa was
markedly discoloured. There were no findings to suggest the
cause of death.

Case 3
A 600 kg Warmblood broodmare 5 days post partum was
referred for severe colic nonresponsive to analgesia. At
presentation, the mare had moderate abdominal pain and a
brief examination revealed a rapid heart rate and severely
increased packed cell volume (Table 1). Exploratory
laparotomy was recommended. The mare was anaesthetised

and the abdomen opened routinely via a ventral midline
laparotomy. A 540° LCV was identified and corrected. The
colon was decompressed via a pelvic flexure enterotomy.
The colon wall was oedematous and the stomach was
severely distended with solid ingesta to beyond the last rib.
The abdomen was closed routinely. During anaesthesia, the
horse was severely hypotensive (Table 3). The mare remained
recumbent in recovery and was subjected to euthanasia
after several hours.

Post mortem revealed an impacted stomach weighing
30 kg. No gastric ulceration was noted and histopathology
was not performed. The colon was thickened with severe
submucosal oedema and was in a normal anatomical
alignment.

Case 4
A 4-year-old Warmblood gelding was referred for severe
colic. Heart rate was moderately increased and laboratory
analysis of peripheral blood was unremarkable. Exploratory
laparotomy was recommended due to the severity of pain.
Abdominal exploration revealed a 270° LCV with concurrent
right dorsal displacement, such that the caecum was axial to

a)

b) c)

Fig 1: a) Composite image of the locally extensive chronic ulceration of the squamous mucosa close to the margo plicatus; fibrosis (F)
underlying the surface inflammatory exudate (asterisk) extends deeply through the submucosa (SM) into the muscularis externa (ME).
b) The glandular stomach is relatively normal, with only very mild oedema in the serosa (S) and ME. c) Autonomic neurones within the
coeliacomesenteric ganglion (some highlighted by arrows) were within normal limits. Mu, mucosa; MM, muscularis mucosa; S, serosa;
haematoxylin and eosin 320 magnification (a,b) and 3400 magnification (c).
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the large colon. Gas and ingesta distension of the colon was
noted as well as distension of the stomach with solid ingesta
to the 17th rib. The colon was decompressed via a pelvic
flexure enterotomy and no other abnormalities were
detected during further evaluation of the abdomen. During
correction of the volvulus, the horse suffered several
substantial decreases in mean arterial blood pressure
(Table 3), which improved with supportive therapy of
dobutamine and synthetic colloids (10% hydroxyethyl starch)
both titrated to effect. The total dose of hydroxyethyl starch
administered was 5 ml/kg bwt (3.5 l). The abdomen was
closed routinely.

During rope-assisted recovery, the horse dislodged the
nasopharyngeal tube during initial attempts to stand and
developed upper respiratory inspiratory stridor. Laryngeal
obstruction was suspected. Nasopharyngeal tubes were
replaced in each nostril and good airflow was confirmed.
However, shortly after this, with the nasal pharyngeal tubes
remaining in place, the horse developed acute cardiac and
respiratory arrest and died despite attempts at resuscitation,
including cardiac compression and administration of
epinephrine (0.005 mg/kg bwt i.v. once). Severe
endotoxaemia was suspected as the cause of death.

Post mortem examination confirmed impaction of the
stomach and did not reveal an obvious cause of death.
There was no gastric ulceration present and histopathology

was not performed. The lungs and thoracic cavity were
unremarkable.

Case 5
A 6-year-old Irish Draught cross gelding used for general
riding presented with a 3 h history of colic. The horse had had
3 previous episodes of very mild colic within the past
2 months. Signs of colic on admission to the clinic were mild
initially with a relatively unremarkable physical examination.
Large intestinal distension was palpated on abdominal
examination per rectum. Forty-five minutes after admission,
signs of abdominal pain worsened markedly and exploratory
laparotomy was recommended. The horse was anaesthetised
routinely. An extensive large colon impaction was palpable
and this restricted full colon exteriorisation. The mesocolon
appeared oedematous with mild colon oedema. A pelvic
flexure enterotomy was performed with as much as possible
of the colon exteriorised. The mucosa and serosa of the large
colon appeared relatively healthy on examination. One layer
of Cushing suture pattern was placed in the seromuscular
layer and with further palpation now possible, it became
apparent that a 360° LCV was present, which was then
corrected. This then made it possible to exteriorise the colon
fully. The enterotomy site was reopened as a significant
amount of ingesta remained in the colon and the remaining
contents were emptied. The stomach was distended and
filled with solid ingesta to beyond the 17th rib space. The
horse steadily improved for 48 h post operatively and careful
gastric lavage was performed on multiple occasions. On day
3 post operatively, further signs of colic were seen, with a
heart rate of 56 beats/min. Abdominocentesis revealed
brown peritoneal fluid and gastric rupture was suspected. A
second exploratory laparotomy was performed and this
confirmed rupture of a viscus. The horse was subjected to
euthanasia whilst under anaesthesia.

Post mortem revealed ingesta and brown fluid in the
abdomen. The stomach was distended with ingesta and with
a large tear at the greater curvature. There was no obvious
gastric ulceration. It was considered possible that the rupture
was secondary to the gastric impaction and post operative
lavage. Histopathology was not performed.

Case 6
A 19-year-old Cob mare used for light hacking presented
with a 2 h history of colic nonresponsive to analgesia. The
horse was kept at grass and had moved to a new field
5 days previously. The horse had previously suffered from mild

TABLE 3: Parameters whilst horses were anaesthetised and supportive fluids that were administered during general anaesthesia (GA)

HR Low HR High HR Mean

MAP (mmHg)

Time under GA HS Do Ph PSLow High Mean

Case 1 36 55 45.1 65 94 73.1 2 h 30 min Y Y N Y
Case 2 – – – – – – – – – N –
Case 3 80 115 83.9 38 62 54.3 4 h 10 min Y Y N Y
Case 4 30 50 38 55 78 67.5 4 h 20 min N Y N Y
Case 5 32 70 50 50 105 71.4 2 h 10 min N Y N N
Case 6 55 125 83.4 36 73 52.1 1 h 30 min Y Y Y N
Case 7 45 75 57.5 32 45 37.5 1 h 10 min Y Y Y N

HR, heart rate (beats/min), lowest, highest and mean heart rate during surgery; MAP, mean arterial pressure – lowest, highest and
mean arterial blood pressure during surgery; HS, hypertonic saline; Do, dobutamine; Ph, phenylephrine; PS, pentastarch.

Fig 2: A substantial gastric impaction in situ (highlighted by the
arrows) weighing over 30 kg at post mortem examination, Case 2.
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colic episodes but not in the preceding few weeks. Physical
examination and blood work findings on clinic admission
were consistent with a strangulating intestinal lesion.
Abdominal examination per rectum revealed that the large
colon was massively gas distended with a tight taenial band
palpable. Immediate exploratory laparotomy was performed,
confirming LCV. The colon and mesocolon were severely
oedematous and purple in colour. A large gastric impaction
with solid feed material was palpable and this extended to
the 17th rib space. The mare was subjected to euthanasia
whilst under general anaesthesia due to the poor perceived
prognosis, relating to the LCV. Post mortem was not
performed.

Case 7
A 13-year-old pony gelding presented with a brief history of
severe colic that had not responded to analgesia. The horse
had a previous history of a nephrosplenic entrapment several
years previously. Physical examination and blood work were
consistent with a strangulating intestinal obstruction.
Abdominal ultrasound revealed severe oedema of the large
colon wall and abdominal examination per rectum noted
distended large colon along the right side of the abdomen.
Exploratory laparotomy revealed a 360° LCV involving the
caecum. A pelvic flexure enterotomy was performed and the
volvulus corrected. The large colon mucosa was black with
no bleeding from the enterotomy incision. The stomach was
distended with solid ingesta to an estimated 4 times normal
size, extending well beyond the last rib and occupying a
large portion of the abdomen. The horse was subjected to
euthanasia whilst under general anaesthesia due to a
perceived poor prognosis for survival.

Post mortem revealed a grossly distended stomach,
estimated to occupy 60% of the abdominal cavity with a
weight of 51 kg. Multifocal areas of glandular ulceration was
noted in the stomach along the margo plicatus. The wall of
the large colon was extremely oedematous and dark red in
colour.

Discussion

This case series describes 7 horses that presented with LCV
and concurrent gastric impaction with a mortality rate of
100%. We propose that the presence of a substantial gastric
impaction may make the colon more prone to displacement
and volvulus, and that this should be considered when
managing a horse with a large gastric impaction. Although
there were no premonitory signs noted in any case before
the horses presented with severe colic, the impactions are
considered likely to have been present when the LCV
developed, due to the time that is necessary for gastric
impactions of this magnitude to become established and the
acute nature of the development of LCV. It is considered
highly unlikely that these impactions could be present simply
due to dehydration and drying out of the gastric ingesta
secondary to the development of colic, caused by LCV, due
to the magnitude of the impactions in the cases presented.
The cause of the gastric impactions was not obvious in any of
these cases.

There are a few considerations as to why LCV and gastric
impaction may be linked. The equine large colon has a lack
of substantial mesenteric attachments to the body wall
(Johnston and Freeman 1997) and therefore the majority of

the large colon is freely mobile. A large mass in the
abdomen, such as a gastric impaction, may disrupt the
normal anatomical alignment of the large colon and
therefore make it more prone to displacement and volvulus.

A large gastric impaction may result in reduced transit of
ingesta to the colon, possibly causing alterations in the
composition of ingesta in the colon. It has been shown that a
dietary change is associated with an increased risk in the
development of LCV as changes in colonic microbiota and
pH may occur (Suthers et al. 2013a) and reduced transit of
ingesta could lead to a similar risk. A pH alteration can result
in excess lactate and CO2 and this excess gas production
can lead to colic, including colon displacement and volvulus
(Shirazi-Beechey 2008). Case 6 had moved fields 5 days prior
to presentation, which could have resulted in alteration of
the colonic flora and increased the risk for LCV.

It has been shown that in horses undergoing surgery for
obstructive large intestinal disease (LCV, colon displacement
or impaction), there is reduced density of the interstitial cells
of Cajal (ICC) in pelvic flexure samples, compared to control
horses (Fintl et al. 2004). The conclusion was that the
reduction in ICC density was likely to be the cause of the
colic rather than an effect. Mild hypoxia in rats and
inflammation in dogs have been implicated as possible
causes of damage to ICC in the colon (Christensen and Rick
1994; Lu et al. 1997). In horses, inflammatory bowel disease
has been linked with gastric impaction (Vainio et al. 2011),
with the impaction possibly being secondary to reduced
gastric motility as a result of the inflammation. In the cases
presented, it is unknown if inflammatory bowel disease was
present, but it is possible that generalised inflammation and/
or hypoxia may have contributed to the development of
either LCV or gastric impaction as a result of altered motility
for the above reasons. In the horses in this case series with a
previous history of colic, distension of the intestine during
previous colic episodes could result in hypoxia leading to a
reduction in ICC and an effect on motility. There is no
evidence from the cases in this present report to conclusively
prove this theory. Although gastric motility disorders are poorly
described in horses, the histopathology performed in Case 1
did not identify features to support a generalised motility
disorder of the stomach, as has been reported in man (Hasler
2012).

Gastric impaction was only known to be present prior to
surgery for LCV in Case 1, where a diagnosis was made
laparoscopically. In most cases, a thorough ultrasound
examination was not performed due to a clear need for
immediate surgery. A thorough ultrasound was performed in
Case 1, after a suspicious mass was palpated in the
nephrosplenic space on rectal examination. The
ultrasonographic appearance of the normal stomach in
equids has been described (Epstein et al. 2008) and
ultrasound has been used to assist with diagnosis of gastric
impaction (Parker et al. 2011; Bird et al. 2012). In a case series
of 20 horses, ultrasound was only useful for diagnosis in one of
20 cases (Vainio et al. 2011). There is no explanation as to
why the ultrasound was determined to be normal in Case 1. It
is considered most likely that the enlarged stomach was
simply not detected, despite an experienced operator
performing the ultrasound.

Euthanasia in Case 1 was performed due to persistent
gastric reflux which may have been caused by lack of gastric
motility or small intestinal ileus (although uncommon following
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LCV) based on the post operative ultrasound findings, or a
combination of both. A primary gastric motility disorder was
not evident from the gastric histopathology performed on this
case; however, it was considered possible that the stomach
was distended to such an extent from the impaction that it
was unable to recover normal motility.

Case 1 was treated initially for suspected NSE and it is
unknown whether this or the gastric impaction was present
first. It is well known that compression on the duodenum from
another structure can cause an enlarged stomach (typically
with fluid rather than ingesta) due to the anatomic proximity.
Gastric reflux is present fairly commonly with NSE (Hardy et al.
2000). It is possible that NSE may have contributed to the
development of the gastric impaction. Alternatively, the
deviation of the spleen caudally and axially presumably as a
consequence of a space-occupying lesion in the cranial
abdomen, may have increased the risk of NSE. Case 4 was
suffering from a concurrent right dorsal displacement with a
270° LCV, but again it is unclear whether the displacement
was present before the gastric impaction.

The mortality rate was 100% in the cases presented in
this report with 3 horses dying unexpectedly in recovery. The
cause of death in Cases 2–4 was unclear and may simply
be a result of the severity of illness, related to LCV such as
overwhelming endotoxaemia. In one large UK hospital
population, survival following LCV is reported to be 76.7%
following general anaesthesia, 70.7% at hospital discharge,
48.3% at 1 year and 33.7% at 2 years (Suthers et al. 2013b).
Survival to hospital discharge was 86% in another study (Levi
et al. 2012). Although this present case series is very small,
the survival reported here when these cases are
complicated by a significant gastric impaction is markedly
different from survival for LCV alone reported in the
literature. It is possible that a large gastric impaction
reduces space for normal lung expansion and increases
pressure on the thoracic cavity, therefore resulting in
respiratory compromise in recovery (Cases 2–4). However,
the cause of death in these presented cases is not certain.
In Case 3, the horse’s heart rate and arterial blood pressure
parameters were severely abnormal under general
anaesthesia (Table 3), and therefore endotoxaemia may be
the most likely cause of death.

Given that mortality in these cases was 100% and the
complication rate in recovering from surgery is high, it may
be beneficial to consider more aggressive treatment of a
gastric impaction during surgery. This could be performed in
future cases, depending on the stability of the horse, as
prolonging general anaesthesia may clearly also reduce
survival. Needle infusion of fluid into the stomach and lavage
via the nares could be performed in a relatively rapid time
frame and may assist in post operative resolution of the
gastric impaction, if the horse survives.

The prognosis appears to be poor when a substantial
gastric impaction and LCV occur concurrently; however, the
exact cause of death in the cases described remains
undetermined. The authors suggest that the effect of a
sizable space occupying lesion in the cranial abdomen may
make the colon more prone to displacement and volvulus.
The importance of careful palpation of the stomach during
surgery is highlighted and when treating a horse suffering
from a gastric impaction of this magnitude, the possible
association of this lesion with LCV and colon displacement
should be considered.
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Clinical Commentary

Gastric impaction and large colon volvulus: Can one lead to the
other?
A. T. Blikslager*

Department of Clinical Sciences, College of Veterinary Medicine, North Carolina State University, Raleigh, USA.
*Corresponding author email: Anthony_Blikslager@ncsu.edu

Keywords: horse; colic; gastric impaction; large colon volvulus; microbiota

Summary
The possibility of stomach impaction resulting in large colon
volvulus is raised by authors reporting the findings of both
lesions in 7 horses. Although this combination of lesions has
not been reported before, it is interesting to consider the
effect of a gastric impaction compressing the colon as the
stomach increases in size with firm ingesta. Anatomically, the
stomach is dorsal to the colon, and might therefore compress
the colon. As to how this might result in volvulus, it is
interesting to speculate on the possible roles of gas
accumulation or other changes in the intracolonic
environment, such as composition in microbiota. The report of
7 horses also highlights the need to thoroughly explore any
horse taken to surgery because of intractable colic in case
there is more than one lesion.

In many cases of surgical colic, multiple lesions are found
that can be clearly linked together. For example, when the
small intestine is obstructed by either an impaction or
strangulation, fluid will move retrograde toward the stomach,
which often results in gastric distension that may ultimately
cause gastric rupture. Alternatively, when a large colon
displacement is found, it is always prudent to check for other
lesions that may have resulted in gas accumulation such as
an impaction or an enterolith. In this issue, McGovern et al.
(2015) have documented large colon volvulus (LCV) that was
accompanied by gastric impaction in 7 horses. The authors
propose that impaction of the stomach may initiate large
volvulus. Given that gastric impaction is a relatively rare
condition, this would also be a rare cause of LCV. However, it
is certainly possible that less severe gastric impactions go
unnoticed in horses with LCV, since correction of LCV would
become the primary focus of the surgery. Nonetheless, it is
difficult to know if gastric impaction is the cause of LCV in the
present study (McGovern et al. 2015).

Because of the rapid onset of LCV and systemic
deterioration, the authors rightfully questioned whether
gastric impaction as a subacute or even chronic condition
somehow contributed to the development of LCV. Questions
were raised as to the possibility of a gastric impaction as a
space occupying mass altering colonic alignment within the
abdomen, or by triggering alterations in motility or the
microbiota. All are possible, but all are difficult to assess.
Gastric impactions have been diagnosed at their earliest
stages by gastroscopy, in which the pylorus is obstructed with
ingesta that extends to the level of the margo plicatus
(Vainio et al. 2011), and by using endoscopy in conjunction
with ultrasonography to assess the dimensions of the stomach

(Bird et al. 2012). However, some authors have argued that a
definitive diagnosis of stomach impaction is most
appropriately made at surgery, in which other conditions can
be ruled out and a solid ingesta-filled stomach can be
clearly delineated (Freeman 2011). These impactions may
extend as far back as the 18th rib, as was documented in
Case 1 by McGovern et al. (2015). At this location, it is likely
that the impacted stomach would be immediately dorsal to
the right dorsal colon and diaphragmatic flexure, which
could conceivably obstruct the colon and result in gas
accumulation. Gas accumulation is widely believed to
contribute to the onset of LCV as gas within the colon begins
to shift the colon out of position. Other factors the authors
wondered about were changes in motility and changes in
microbiota. These changes would be likely to occur if the
colon became physically obstructed. However, prior studies
have shown that changes in the colonic microbiota are
associated with post partum colic in broodmares, and this
included 4 horses that developed LCV (Weese et al. 2014).
Therefore, a change in microbiota could be a unifying
theme in development of colic lesions, including LCV.
Interestingly, foaling itself had minimal effects on colonic
microbiota (Weese et al. 2014), but the sudden increase in
potential intra-abdominal space following foaling may play a
part in development of LCV (Suthers et al. 2013). This would
be the reverse of a loss of space with gastric impaction, but
a net change in intra-abdominal space may ultimately prove
to be a common factor in LCV development.

As an alternative to a stomach impaction causing LCV,
perhaps it is possible that this occurred the other way around.
For example, a right displacement of the colon, which may
precede volvulus, could result in obstruction of pyloric
outflow, considering the pressure placed on the stomach by
the displaced colon. In a previous report on gastric
impaction, 2 of 11 cases presented with a gastric impaction
and right dorsal displacement of the colon (Bird et al. 2012).
In the present series of cases, one of 7 horses had right dorsal
displacement in addition to a 270° LCV (McGovern et al.
2015). However, the typical dehydration of the gastric ingesta
in gastric impaction, as well as documented changes in
muscle wall thickness, are indicative of chronicity (Bird et al.
2012). Nonetheless, stomach impactions have been
documented with an acute onset of colic, including a time
frame of 48 h from onset of colic to rupture (Bird et al. 2012),
suggesting that the stomach may fill rapidly in some cases. In
the present series, it would have been useful if muscle wall
thickness had been documented as further evidence of the
level of chronicity. However, the authors did note muscular
oedema in one of 2 horses for which histopathology was
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available at post mortem. In the study by Bird et al. (2012), 6
of 7 horses for which histopathology was available had
muscular thickening of the stomach, including thickening at
the cardiac and pyloric sphincters.

Discussions of which lesion came first in horses with colic
and multiple lesions are of interest mostly because of what
these cases might tell us about the mysteries of conditions
such as LCV. In other words, is gastric impaction an example
of an event that can change the anatomical positioning of
the colon such that in some cases, this may trigger volvulus?
Is the change in potential space at foaling the most
important factor in broodmares that develop LCV, or are
changes in microbiota ultimately more important? At the very
least, the findings of concurrent lesions in 7 horses with colic
serves to highlight the need to fully evaluate the abdomen
during every surgical exploration of the abdomen.
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Case Report

Resection of a ceruminous adenocarcinoma in a horse by a
modified vertical ear canal ablation
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Summary
A 13-year-old Swedish Warmblood mare was presented for
evaluation of a mass on the medial aspect of the left vertical
ear canal. The mass was initially resected using monopolar
loop diathermy. Histopathological diagnosis of the excisional
biopsy was a low-grade malignant ceruminous
adenocarcinoma. The clinical and histopathological features
of this previously unreported neoplasm in the horse are
described. A modified vertical ear canal ablation was
performed in order to remove the base of the neoplasm with
adequate free margins. The surgical technique is described.
No recurrence was noted 2 years after surgery and the
appearance and function of the pinna were retained.

Introduction

To the authors’ knowledge, this is the first report of a
ceruminous adenocarcinoma in a horse. Masses in the
equine external ear canal are rarely reported and include a
squamous cell carcinoma (Stewart and Baker 1975), a
sarcoid (Zwingenberger et al. 2002), inflammatory polyps
(Fjordbakk et al. 2006; Oosterlaan-Mayer and Van der Kolk
2006) and a schwannoma (Ahmadi et al. 2013). Ceruminous
adenocarcinoma is the most common malignant neoplasm
in the external ear canal of dogs and cats (London et al.
1996; Bacon 2012). It occurs rarely in man, representing only
2.4% of all aural neoplasms reported in one referral institution
(Crain et al. 2009). Ceruminous adenocarcinoma may have
different clinical appearances. It often presents as locally
invasive exophytic or polypoid masses and metastasis is not
expected (London et al. 1996; Moisan and Watson 1996;
Crain et al. 2009).

Masses in the vertical ear canal of equidae have been
removed previously by simple resection or traction-avulsion in
the standing (Ahmadi et al. 2013) or recumbent animal
(Fjordbakk et al. 2006; Oosterlaan-Mayer and Van der Kolk
2006). An alternative has been by resection of part of the
lateral wall to expose and then, using differing techniques,
remove the mass (Stewart and Baker 1975; Zwingenberger
et al. 2002; McCluskie and Tremaine 2009). Vertical ear canal
ablation has not been reported in horses but is well described
for small animals and indicated for focal lesions in the vertical
canal (Bacon 2012; Fossum 2013). One complication of this
procedure is a drooped ear (Krahwinkel 2003), since the
severed cartilage ends are not normally reapposed. The
technique was modified and used in this horse to successfully
resect a low-grade malignant ceruminous adenocarcinoma
with adequate margins and avoid a drooped ear. The

patient’s pinna could stand erect and be moved in the
direction of sound. This report describes the surgical
technique as well as the clinical and histopathological
appearance of the neoplasm.

Case details

History and clinical findings
A 13-year-old, 600 kg Swedish Warmblood mare was
presented to Str€omsholm Equine Referral Hospital for
evaluation of a mass in the left ear canal. The owner noted
the mass 2 months earlier and it appeared to be growing
more rapidly lately. The mare was bright, alert and responsive
and in normal body condition at admission. Clinical
parameters appeared normal.

A semi-firm, pigmented, painless mass was present on the
medial aspect of the vertical ear canal, just ventral to the
canal entrance. It was 3 cm in diameter, rounded and
pedunculated with a broad-based attachment. Small
amounts of serous fluid oozed through a partly ulcerated
surface. The mass occluded most of the ear canal and
prevented deeper examination. No signs of inflammation or
exudation from the canal were noted. No other masses were
found on the horse. Endoscopy of the nasal passages,
pharynx and guttural pouches and radiographs of the head
revealed no other abnormalities.

First surgical procedure
Following premedication with 0.02 mg/kg bwt i.m. of
acepromazine (Plegicil),1 the mare was sedated with a total
of 0.015 mg/kg bwt i.v. of detomidine (Domosedan)2 and
0.015 mg/kg bwt i.v. of butorphanol (Dolorex)3. Local
anaesthetic with 60 mg of mepivacaine (Carbocain)4 was
infiltrated around the ear base. The mass was excised using
monopolar loop diathermy (Valleylab Force 30)5. The
remaining tissue at the base was cauterised thoroughly with
the tip of the diathermy instrument. Endoscopy of the ear
canal with an 8 mm diameter endoscope (VideoMed)6

revealed no additional lesions.

Histopathological examination
The excised mass was fixed in 10% formalin and submitted for
histopathological examination. The neoplasm was a papillary,
epithelial proliferation with cystic areas (Fig 1a) and mostly
consisted of tubular glands in abundant fibrous stroma
(Fig 1b). The basement membrane edges of the glands were
usually distinct and even. The neoplasm had distinct margins
without evidence of invasion into normal tissue. However,
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there were edges of the neoplasm without normal tissue and
therefore lack of invasiveness on all sides of the neoplasm
could not be fully determined. The surface was partially
ulcerated (Fig 1b). Epithelial cells in some areas had
evidence of malignancy such as anisokaryosis and moderate
mitotic activity (Fig 1c). Histological findings were consistent
with an apocrine sweat gland carcinoma of low-grade
malignancy. Location of the neoplasm in the vertical ear
canal identified it as a ceruminous adenocarcinoma.

Second surgical procedure
Because the neoplasm was considered malignant a second
surgery was planned to ensure adequate clean margins. A
vertical ear canal ablation was performed 2 months after the
diathermy surgical excision. No gross signs of recurrence were
noted, only the scarred base after the initial procedure.

Preparation and medical treatment
The mare was administered sodium penicillin (Geepenil2;
15 mg/kg bwt i.v.) and flunixin meglumine (Flunixin N-vet.7;
1.1 mg/kg bwt i.v.) preoperatively and premedicated with
acepromazine1 (0.02 mg/kg bwt i.v.) prior to sedation with
romifidine (Sedivet8; 0.12 mg/kg bwt i.v.) and butorphanol3

(0.025 mg/kg bwt i.v.). Induction of general anaesthesia was
with diazepam (Diazepam-ratiopharm9; 0.03 mg/kg bwt i.v.)
and ketamine (Ketaminol3; 2.2 mg/kg bwt i.v.). Anaesthesia
was maintained with isoflurane (IsoFlo)2 in oxygen on a circle
rebreathing system. A crystalloid solution (Ringer-acetate)10

was administered i.v. throughout the anaesthetic period. The
mare was placed in right lateral recumbency and the left ear
region aseptically prepared and draped.

Modified vertical ear canal ablation
A skin incision was made along the midline of the vertical
ear canal, from a point just ventral to the edge of the
tragus to the level of the horizontal canal. A horizontal
incision was then made through skin and cartilage along
the edge of the tragus, extending around the
circumference of the vertical ear canal, 1 cm dorsal to the
scarred base (Fig 2a). The skin was retracted and loose
connective tissue, muscular and fasciae attachments
dissected to expose and free the vertical canal. Care was
taken to spare the surrounding muscles and nerve supply
and to stay close to the cartilage to avoid damaging major
branches of the caudal and rostral auricular arteries. The
vertical canal was obliquely divided to create a wider
dorsal than ventral flap (Fig 2b). The dorsal flap was
transected 1 cm ventral to the scarred base, removing a
total of 3 cm of the medial canal. The ventral flap was
trimmed to a V-shape, to improve the fit to the ventral skin
incision (Fig 2c) and sutured to the surrounding skin using 2-0
polydioxanone (PDS II)11 in a one layer simple interrupted
pattern. The dorsal flap was sutured in the same pattern to
the severed cartilage and skin using 0 polydioxanone (PDS
II)11 (Fig 2d). The resected medial canal was fixed in 10%
formalin and submitted for histopathological examination.
There was no histological evidence of remaining neoplastic
tissue (Fig 3).

Post operative care
The mare was treated with oxygen intranasally and 0.5 mg/
kg bwt i.v. of xylazine (Rompun)12 during recovery and
recovered uneventfully. She was treated with sodium

a)

b)

c)

Fig 1: Photomicrographs of histological sections of the excised
mass stained with haematoxylin and eosin (H&E). a) The clear
(white) irregular, branching area in the centre of the section is a
cystic duct. The neoplasm extends into the cystic area in a
papillary pattern. The surface over the neoplasm is at the bottom of
the photograph and consists of epidermis and a thin dermis. The
margin of the neoplasm lacks a capsule but is distinct and lacks
evidence of invasiveness (original magnification 203). b) The
neoplasm consisted of long, uniform, branching tubular glands,
usually with even borders, embedded in abundant fibrous
connective tissue. The surface (bottom) was ulcerated. There was
moderate inflammation (lower right) and fibrosis (right centre)
(original magnification 1003). c) Some epithelial cells showed
anisokaryosis with large immature nuclei with prominent
euchromatin (more open appearance inside the nucleus) (blue
arrow). Some areas had a more disorganised architectural pattern
and mitotic activity (white arrow) (original magnification 4003).
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penicillin2 (15 mg/kg bwt i.v. b.i.d.) and flunixin meglumine7

(0.5 mg/kg bwt i.v. b.i.d.) for 3 days and then procaine
penicillin (Penovet8; 20 mg/kg bwt i.m. s.i.d.) and flunixin

meglumine (Finadyne3; 0.4 mg/kg bwt per os b.i.d.) for 3
additional days.

Outcome
The ear had good function and range of motion immediately
following recovery, although the mare could not direct the
pinna fully forward and movements were initially slower than
normal. The left ear was clearly shorter than the right and
somewhat more upright. The pinna remained erect and
could be moved by the mare in response to sound. The
incision had mild swelling and serous discharge for the first
2 days post operatively. At re-examination 3 weeks after
surgery, the ear had healed well with no stenosis of the
stoma. Two years after surgery the mare was in good
condition and was working normally. There was no evidence
of recurrence of the neoplasm. The function of the operated
ear was adequate and after regrowth of the hair, the ear
appeared almost normal.

Discussion

The clinical features of ceruminous adenocarcinomas are
variable and can be similar to other lesions of the external ear
canal. The round, pedunculated appearance of the mass in
this horse suggested a benign lesion. However, malignant
ceruminous gland neoplasms in dogs, cats and man often

a)

c) d)

b) e)

Fig 2: Modified vertical ear canal ablation. a) A vertical skin incision is made from the edge of the tragus to the horizontal canal and is
followed by a horizontal incision through skin and cartilage around the circumference of the canal. b) The vertical canal is obliquely
divided to create a wide dorsal flap. c) The dorsal flap is transected and the ventral flap trimmed to a V-shape. d) The flaps are sutured
with one layer of simple interrupted sutures to the dorsal cartilage and skin and the ventral skin. e) The end result.

Fig 3: Photomicrograph of histological section of the resected
vertical canal illustrates the absence of neoplastic tissue. Normal
cartilage is on the left edge. Epidermis is on the right with moderate,
irregular acanthosis and hyperkeratosis. A normal sebaceous gland
(lower right) and a smaller ceruminous gland (upper centre) are
present. There is mild inflammation adjacent to more prominent
blood vessels (centre) and to the epidermis as well as mild fibrosis
of the dermis (H&E, original magnification 1003).
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present as exophytic or polypoid masses with only some
degree of stromal invasion (Moisan and Watson 1996; Crain
et al. 2009). Two common skin tumours in the horse are a
sarcoid or a squamous cell carcinoma (Knottenbelt 2009) and
both have been reported in the equine external ear canal
(Stewart and Baker 1975; Zwingenberger et al. 2002). Other
possible differential diagnoses could be an inflammatory
polyp (Fjordbakk et al. 2006; Oosterlaan-Mayer and Van der
Kolk 2006) or a schwannoma (Ahmadi et al. 2013).

The histological pattern of the mass was similar to an
apocrine sweat gland neoplasm but its location in the ear
canal identified it as ceruminous in origin (Sargent et al. 2006;
Blanke et al. 2014). These neoplasms are hard to define
pathologically because of their varied clinical and
histological appearances (Lassaletta et al. 2003; Crain et al.
2009). In man in particular, ceruminous adenocarcinoma
malignancy is often low grade with local invasion into
surrounding stroma being the only feature that differentiates it
from an adenoma. In order for histopathological evaluation
to accurately diagnose the neoplasm, biopsies must
therefore include a margin of normal tissue in all possible
directions of invasion (Mansour et al. 1992; Lassaletta et al.
2003; Crain et al. 2009). The neoplasm was initially excised as
deeply into the base as possible but did not include normal
tissue in all directions. Distinct margins identified on one side
of the neoplasm and distinct borders of most individual
tubular glands suggested a benign neoplasm (Lassaletta
et al. 2003), without invasive tendency. However, cellular
anisokaryosis, moderate mitotic activity, an ulcerated surface,
a lack of capsule and the inability to evaluate deeper
margins were used to classify the neoplasm as low grade
malignant (Cheville 2006; Crain et al. 2009).

Although one should be careful extrapolating findings
from other species, in small animals and man, ceruminous
adenocarcinoma has a high rate of recurrence that can be
very infiltrative and difficult to safely and effectively resect
(London et al. 1996; Crain et al. 2009) and only wide local
excision prevents recurrences, both of ceruminous adenomas
and adenocarcinomas (London et al. 1996; Thompson et al.
2004). Apocrine sweat gland neoplasms in horses are also
best treated with complete resection (Knottenbelt 2009) and
in general, cure rates are higher when malignant neoplasms
are treated aggressively in their early stages (Mansour et al.
1992). Therefore, a second surgery to obtain adequate clear
margins was performed. An early surgical intervention, before
the neoplasm grew too large, allowed removing a smaller
part of the ear canal and improved the chance of
preserving the function of the ear.

In previous reports regarding surgical procedures of the
vertical ear canal in equidae, surgeons have removed part
of the lateral wall only (Stewart and Baker 1975;
Zwingenberger et al. 2002; McCluskie and Tremaine 2009).
One sarcoid located in the medial wall was subsequently
circumferentially resected, including the underlying cartilage
and the wound left to heal by second intention
(Zwingenberger et al. 2002). Healing by primary intention is,
however, faster and usually results in a better functional
and cosmetic outcome (Stashak 2008). Ceruminous
adenocarcinomas rarely invade into or across the
surrounding cartilage (Moisan and Watson 1996; Bacon 2012)
which therefore should be a good barrier to the neoplasm.
Because of these factors, a vertical ear canal ablation was
considered the best procedure in this case.

The technique was modified from that described for small
animals (Bacon 2012; Fossum 2013). In order to preserve the
rigidity of the pinna, the remaining canal after ablation was
obliquely divided to create a wide base to the dorsal flap
which was then reapposed to the auricular cartilage and skin
instead of the abundant skin only. The ventral flap was
trimmed in a V-shape which improved the pliability of the
rigid cartilage and the fit to the ventral part of the skin
incision. The end result was an ear about 3 cm shorter than
the contralateral, somewhat more upright and had an
appearance similar to that after a lateral ear canal resection
(Fossum 2013). The horse had good control of ear movements
but the rostral direction of the ear was mildly impaired, likely
due to mechanical restrictions.

If the medial wall is extensively diseased, it would not be
possible to perform this modified procedure. Based on equine
cadaver studies, the external ear canal measures
approximately 9.2 cm in total length (Sommerauer et al.
2012), with the osseous component being 2.52–2.65 cm
(Sargent et al. 2006) and there appears to be little difference
in size between breeds. Therefore, almost half of the vertical
canal was resected in this case, which may be the limit for
the procedure to be successful.

Stomal stenosis is a possible complication to a vertical ear
canal resection but was not seen in this horse. The risk was
likely reduced using flaps of the vertical canal compared to
suturing a cut edge of the horizontal canal to the surrounding
skin (Krahwinkel 2003). Another possible complication is wound
dehiscence which may be caused by diffuse inflammation at
the surgery site or self-trauma (Bacon 2012). There was no
obvious inflammation of the ear canal preoperatively. The
horse showed no signs of discomfort or attempts to damage
the ear post operatively and the surgical wound healed well.

The histological examination of the resected cartilage
revealed mild inflammation, fibrosis and hyperkeratosis and
no signs of neoplastic tissue. The initial thorough cauterisation
of the tumour base may have been successful in destroying
any remaining neoplastic cells. It is therefore difficult to know
if the vertical ear canal ablation was necessary. A diathermy
surgical excision can be performed in the standing patient
and is less invasive, which both are beneficial to the horse. It
would be the first choice of treatment if highly likely to
ensure a cure. The current result is only from a single case
but could be the focus of a prospective study.

Given a similar case in the future, it may be advisable,
after a diathermy surgical excision, to wait with regard to
performing a vertical ear canal ablation. Regular follow-up
would be crucial in order to detect a recurrence early on.
However, clinical signs of infiltration, a greater histological
grade of malignancy or a recurrence would suggest a
prompt and aggressive surgical resection.

Intrasite infiltration of chemotherapeutic agents could be
considered as adjunctive treatment after a less radical
excision or even an alternative to surgery. A combination of
mitomycin C and 5-flourouracil has been successful in
resolving a small ceruminous adenocarcinoma in one horse
treated twice with a 1-week interval (D.C. Knottenbelt,
personal communication). In man and small animals,
radiation therapy has also been used as adjunctive
treatment when complete surgical resection has not been
feasible (Th�eon et al. 1994; Crain et al. 2009).

In conclusion, a ceruminous adenocarcinoma should be
considered a differential diagnosis for any mass in the equine
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external ear canal. Moreover, a vertical ear canal ablation
can be successfully performed in the horse and a modified
technique can be used to ensure that the ear remains erect
and functional. Using this technique was successful in treating
a low-grade malignant ceruminous adenocarcinoma.
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Clinical Commentary

Examination of the external ear canal
G. F. Schusser*

Department of Large Animal Medicine, Faculty of Veterinary Medicine, University of Leipzig, Leipzig, Germany.
*Corresponding author email: schusser@vetmed.uni-leipzig.de

Every horse needs normal hearing function because this is a
natural flight animal and hearing is an essential part of animal
welfare. The veterinarian observes the temperament, normal
behaviour and the movement of the auricle of the horse
based on external auditory stimuli. Poor response could be
caused by an othaematoma (Fig 1), obstructed external ear
canal (Fig 2), external otitis (Fig 3) or a ceruminous
adenocarcinoma as described by Sk€arlina et al. (2015). All

inflammatory areas of the inner surface of the auricle
including cartilaginous parts produce exudate, which flows
ventrally into the external ear canal and occludes the
entrance of the osseous part of the external ear canal, which
could lead to deafness. Therefore the external ear canals
have to be scoped. The horse has to be sedated in
combination with a twitch to reduce head movements. The
endoscope with a 7 mm diameter tip is placed downward
into the auricle and inserted into the pigmented cartilaginous

Fig 2: Left ear of a Warmblood mare, age 10 years, cellular
debris occludes the entrance of the osseous part of the external
ear canal.

Fig 3: Haflinger gelding, age 12 years, with othaematoma and
external otitis, right ear with exudate in the cartilaginous and
osseous part of the external ear canal.

Fig 4: Donkey stallion, age 10 years, with head shaking caused
by Werneckiella equi asini (red arrows) in the cartilaginous (grade
II: formations of ceruminous debris and dust on the pigmented
skin) and osseous part of the external ear canal of the right ear.

Fig 1: Haflinger gelding, age 12 years, with othaematoma.
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part until the entrance of the osseous part is seen. The
ceruminous debris, dust, parasites and abnormal signs of the
cartilaginous part based on the grading system (Sommerauer
et al. 2013) (Fig 4), the appearance of the entrance (Fig 5),
the epithelium of the osseous part of the external ear canal
(Fig 6) and the tympanic membrane (Fig 6) have to be
characterised. If the tympanic membrane with the
attachment of the malleus in the centre is visible we could
assume that the horse has a normal acoustic pathway and is
able to hear. However, only testing of otoacoustic emissions
or acoustically evoked brainstem potentials objectively
evaluates the auditory function including the pathway from
the tympanic membrane to the cochlea. The ceruminous
debris of the cartilaginous part has to be removed using
cotton buds. Cellular debris in the entrance of the osseous
part has to be taken out by using foreign body forceps
through the endoscope. The exudate in the osseous part
caused by an external otitis has to be soaked up using small
cotton balls inserted into the osseous part via foreign body
forceps of the endoscope. Do not treat horses with drugs
used as treatment for external otitis in dogs. Do not put liquid
drugs into the external ear canal when treating external ear

canal diseases in horses! The external ear canal has to be
treated after auricle surgery or diagnosis of an external otitis
(i.e. horses with head tilt and/or facial nerve paralysis) until
the translucent tympanic membrane is visible (Blanke et al.
2014).
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Fig 5: Warmblood mare, age one year, grade I (cartilaginous
part: normal pigmented skin visible, few ceruminous debris and
dust), grade II (osseous part: junction with a rim of cellular
debris).

Fig 6: Warmblood gelding, age 8 years, left ear with normal
osseous part of the external ear canal, grade I (junction clearly
countered, light pink epithelium, translucent tympanic membrane
with stria mallearis visible).
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Summary
A 13-year-old Quarter Horse mare presented for evaluation of
chronic intermittent colic. Following extensive diagnostics,
abdominal radiographs revealed two round, radiopaque
objects in the caudal abdomen. Palpation per rectum and
transrectal ultrasonography of the reproductive tract
confirmed that the round objects were uterine marbles.
Dinoprost tromethamine (Lutalyse, 5 mg i.m. q. 24 h for
2 days) was administered to bring the mare into oestrus, and
both uterine marbles were manually removed from the uterus
following digital dilation of the relaxed cervix. Follow-up with
the owner 12 months after discharge revealed that the mare
had shown no further signs of abdominal discomfort since
having the uterine marbles removed. To the authors’
knowledge, this is the first published report of chronic
intermittent colic attributed to uterine marbles in a mare.

Introduction

Uterine marbles are used to prolong luteal function in the
mare and suppress behavioural signs of oestrus. The exact
mechanism of action is unknown, although the marble may
mimic the equine conceptus and prevent or attenuate
prostaglandin release due to its movement and physical
contact with the endometrium (Rivera del Alamo et al. 2008).
Intrauterine glass marbles are not a novel concept; Bedouin
tribes in the Middle East have been placing date pits in the
uterine cavity of mares and camels for centuries to prevent
cyclicity (Nie et al. 2003; Pryor and Tibary 2005). Intrauterine
devices have also been proposed as contraceptive devices
for population control in feral horse herds (Daels and Hughes
1995) and as contraceptives to promote weight gain in
heifers (Turin et al. 1997; Fordyce et al. 2001).

The ability of uterine glass marbles to extend corpora
luteal function in the mare has been poorly documented
(Rivera del Alamo et al. 2008; Argo and Turnbull 2010). Nie
et al. (2003) placed a 25 or 35 mm glass ball in the uterine
body of mares immediately after ovulation, resulting in
prolonged corpora luteal function for at least 35 days in 7/18
(39%) mares that retained the glass marble; luteal function
was maintained for an average of 90 days. Prolonged luteal
function did not occur in all mares during the first dioestrus
period after ball placement; only 7/62 (11%) of dioestrus
periods had extended luteal function which was not
statistically significant from control mares (4/50 or 8% of
control dioestrus periods). Rivera del Alamo et al. (2008) had
better success using a 20 mm water-filled propylene ball as
an intrauterine device; luteal function was prolonged in 9/12

(75%) mares for a mean of 57 days. Finally, Argo and Turnbull
(2010) placed 35 mm glass balls in the uterine body of 4 pony
mares; 5 control mares had cervical manipulation to mimic
ball placement. Regardless of treatment, all mares
demonstrated regular patterns of ovarian activity throughout
the study, and no change in sexual behaviour was observed
due to intrauterine device placement. The published
‘inefficacy’ of intrauterine devices strongly contrasts with
client perceptions of these devices (‘placebo effect’), with
more than 60% of clients reporting measurable improvement
in their animal’s performance for at least one year following
intrauterine placement of a 35 mm glass ball (Argo and
Turnbull 2010).

Case history

A 13-year-old Quarter Horse mare weighing 474 kg presented
to the Louisiana State University Veterinary Teaching Hospital
(LSU VTH) for evaluation of chronic intermittent colic. The
mare had periodically stretched out and watched her flank
during the 8 days preceding initial presentation. According to
the owner, the mare had a normal appetite, and the
behaviour was not associated with eating. There had been
no recent change to the mare’s diet which consisted of free
choice pasture, free choice Bermuda hay, one half flake of
alfalfa once daily, and two quarts of pelleted feed (12% High
Energy All Grain)1 twice daily. Phenylbutazone or firocoxib
were periodically administered for competitions due to
lameness issues. The mare was dewormed with ivermectin
3 weeks prior to presentation and maintained on an 8-week
rotational deworming programme. Without veterinary
recommendation, the owner had treated the mare with
omeprazole prior to presentation.

Clinical findings and diagnosis

On presentation, the mare’s vital parameters were within
normal limits. A complete blood count (CBC) and serum
biochemistry panel did not reveal any significant
abnormalities. Palpation per rectum, transabdominal
ultrasonography, transrectal ultrasonography of the
reproductive tract, and gastroscopy were within normal limits.
The mare was discharged with instructions to decrease the
amount of grain ration or switch to a low starch product as well
as provide probiotic and psyllium supplementation.

Seventy-two days following the initial visit, the mare
presented again for colic. Despite decreasing the mare’s feed
to a handful of pelleted feed twice daily, providing a psyllium
supplement (Sand Clear)2, and administering a single dose of
probiotic (Probios)3, the mare continued to periodically stretch
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out and watch her flank. Physical examination identified mild
tachypnoea (36 breaths/min), although a rebreathing
examination revealed normal bronchovesicular lung sounds
bilaterally. A CBC and serum biochemistry panel were within
reference intervals, and no parasites were seen on sucrose
faecal flotation. Initial palpation per rectum was within normal
limits. Transabdominal ultrasonography revealed mildly dilated
but motile small intestinal loops. Gastroscopy was within
normal limits. Abdominal radiographs revealed two round,
radiopaque structures each measuring 4 cm in diameter in the
caudal abdomen, consistent with enteroliths, uroliths, or uterine
marbles (Fig 1). On cystoscopy, no uroliths were visualised in
the urethra or bladder. The following day, a glucose absorption
test was performed which revealed normal to slightly
decreased glucose absorption from the small intestine.

Further conversation with the owner and review of the
medical record confirmed that a uterine marble had been
placed 4 years prior to presentation (2008). If trailered during
oestrus, the mare would kick and mutilate the side of her
body corresponding to the ovary with the dominant follicle; a
uterine marble was placed in an attempt to eliminate the
behaviour. Three weeks following initial marble insertion, the
mare presented to the LSU VTH for recurrence of the
behaviour as well as vaginal discharge. Transrectal
ultrasonography revealed that the mare was in oestrus with
moderate uterine oedema, no uterine fluid, and a large
follicle on the left ovary. Vaginal examination was within
normal limits. The marble was not detected in the uterus, and
a new marble was inserted at that time.

Repeat palpation per rectum and transrectal
ultrasonography of the reproductive tract on Day 77
confirmed the presence of two marbles in the uterus. On
ultrasound, the marbles appeared as round, hyperechoic
objects within the lumen of the uterus.

Treatment

Removal of the marbles was attempted on Day 77 but was
unsuccessful due to insufficient cervical dilation. Misoprostol
powder (1000 lg)4 was applied to the cervix to assist with
dilation but was not effective. Dinoprost tromethamine

(Lutalyse, 5 mg i.m. q. 24 h)5 was administered on Days 77
and 78 to induce luteolysis. On Day 80, the mare was re-
examined, but cervical dilation was deemed insufficient to
permit extraction of the marbles. On Day 81, the mare was
sedated with detomidine (0.01 mg/kg bwt i.v.)6 and received
butylscopolammonium bromide (Buscopan; 80 mg i.v.)7 to
help relax the cervix. The cervix was manually dilated, and
both marbles were removed. The recovered marbles were
smooth with no evidence of pitting or fragmentation.
Ticarcillin disodium and clavulanate potassium (Timentin;
3.1 g in 60 ml 0.9% NaCl)8 was infused into the uterus to
provide broad spectrum antimicrobial coverage against any
potential contaminants introduced into the uterus during
extraction. The mare showed mild signs of discomfort the
evening the marbles were removed but did not show any
further signs of colic while hospitalised.

Outcome

The mare was discharged on Day 84 with recommendations
to return for an endometrial culture during the mare’s next
oestrous cycle. The mare did not return for a uterine culture,
but follow-up with the owner 12 months after discharge
revealed that the mare had not shown any signs of
abdominal discomfort since having the uterine marbles
removed.

Discussion

This case report describes a mare that presented for
evaluation of signs of chronic intermittent colic. Abdominal
radiographs revealed two round, radiopaque objects in the
caudal abdomen consistent with uterine marbles. Palpation
per rectum and transrectal ultrasonography confirmed the
presence of two glass marbles in the mare’s uterus. Oestrus
was induced with exogenous prostaglandin administration
and the marbles were manually extracted through the cervix.
The mare did not show any signs of abdominal discomfort for
12 months following removal of the marbles from the uterus.
To the authors’ knowledge, this is the first report describing
chronic intermittent colic in a mare attributed to uterine
marbles.

Chronic colic is persistent or intermittent abdominal pain.
Often colic, whether acute or chronic in nature, implies a
disorder of the gastrointestinal tract. Organ systems outside of
the gastrointestinal tract, including the reproductive tract,
can also be the source of abdominal pain. Published causes
of colic attributed to the reproductive tract of the mare
include granulosa cell tumours (Meagher et al. 1978),
haemoperitoneum secondary to bilateral ovarian
adenocarcinoma (Pauwels et al. 2012), omento-omental
adhesion around the uterine horn (Butson et al. 1996) and
physiological growth and ovulation of a dominant follicle
(Cox and DeBowes 1987).

Chronic intermittent colic in the adult horse is a diagnostic
dilemma with different aetiologies presenting with similar
clinical signs (Mair and Hillyer 1997). A complete and
thorough investigation of an equine patient admitted for
chronic colic may require extensive diagnostics. The
evaluation can be time consuming for clinicians and
expensive and frustrating for owners, especially if a definitive
cause is not determined. Any problems identified are treated,
hoping that intervention will halt the patient’s signs of

Fig 1: Radiograph of the caudal abdomen of a 13-year-old
Quarter Horse mare. Two round, radiopaque structures, each
measuring 4 cm, were identified consistent with enteroliths,
uroliths or uterine marbles.
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abdominal discomfort. The two marbles in the mare’s uterus
were not known to be the definitive cause of the mare’s
chronic intermittent colic at the time of removal. Rather, the
mare’s lack of abdominal discomfort for 12 months following
removal suggests that the uterine marbles were the source of
the mare’s pain.

If the uterine marbles were responsible for the mare’s
discomfort, one would assume that the mare would have
displayed signs of colic sooner after placement rather than
just 8 days prior to presentation. This discrepancy between
uterine marble placement and the onset of signs of chronic
intermittent colic may be explained by either of two
hypotheses. First, the owner may have simply failed to identify
mild, intermittent signs of abdominal pain until just before
presentation. It is also possible that the marbles assumed a
new position within the uterus just prior to the onset of colic
signs. Change in location of intrauterine marbles has been
documented in experimental studies (Nie et al. 2003; Rivera
del Alamo et al. 2008). In their new position, the marbles may
have collided or rubbed against each other or even created
focal excessive tension on the broad ligament, resulting in
clinical signs of abdominal discomfort.

Uterine marbles are placed in mares to suppress oestrus.
Indications for suppressing oestrus in the mare include cycle-
related behaviour and performance problems and pain or
colic during oestrus (Vanderwall and Nie 2011). In
performance mares, attitude changes, tail swishing, difficulty
training and handling, squealing, kicking, excessive urination,
and a generalised decrease in performance or performance
below their potential are specific problems owners, riders, and
trainers have attributed to the oestrous cycle (McCue 2003;
Stout and Colenbrander 2004; Pryor and Tibary 2005;
Vanderwall and Nie 2011). Performance of mares below their
potential may be demonstrated by an underrepresentation of
mares at the highest competition levels (Gee et al. 2012). Pain
in the immediate periovulatory period includes increased
sensitivity during manual transrectal evaluation of the ovary
(Cox and DeBowes 1987), sensitivity to weight or manipulation
of the back (Pryor and Tibary 2005), and overt colic-like
symptoms (Pryor and Tibary 2005; Vanderwall and Nie 2011).

Veterinarians debate the impact of a mare’s oestrous
cycle on behaviour and performance. One behavioural
study, comparing control mares and mares with owner-
perceived behavioural problems during oestrus, suggested
that inappropriate oestrous behaviour may be a problem of
owner perception. Less than half of the ‘problem’ mares
included in the study actually showed undesirable behaviour
(e.g. intense signs of oestrus such as winking and urinating,
kicking, difficulty handling) during the test period (two
complete oestrous cycles), suggesting that many owners
misinterpreted normal oestrous behaviour as abnormal
(Hedberg et al. 2005). Veterinarians therefore need to
determine if a complaint by an owner, rider, or trainer is truly
tied to the mare’s oestrous cycle before initiating potentially
unnecessary therapy (McCue 2003; Pryor and Tibary 2005;
Vanderwall and Nie 2011). Establishing a cause and effect
relationship between the oestrous cycle and a behavioural
complaint should begin with a thorough history, including a
record of when the undesirable behaviour is observed
(McCue 2003; Pryor and Tibary 2005). The mare should be
examined by a veterinarian when the undesirable behaviour is
observed, utilising transrectal palpation and ultrasonography,
serum progesterone concentrations, and teasing behaviour to

identify the mare’s current stage of the oestrous cycle (Pryor
and Tibary 2005). Additional diagnostics are warranted based
on the veterinarian’s index of suspicion for other, noncycle-
related disorders, such as lameness or musculoskeletal issues,
neurological deficiencies, gastrointestinal problems, and
urogenital disorders (Pryor and Tibary 2005).

If a veterinarian establishes a true cause and effect
relationship between the mare’s oestrous cycle and behaviour
or performance problem, many methods of suppressing oestrus
have been described and evaluated in the mare. Methods of
oestrus suppression aimed at suppressing ovarian activity
include GnRH immunisation (Thompson 2000; Imboden et al.
2006; Elhay et al. 2007; Schulman et al. 2013), GnRH agonists
(Stout and Colenbrander 2004), GnRH antagonists (Huirne and
Lambalk 2001), and bilateral ovariectomy (Hooper et al. 1993).
Because anovulatory mares can show signs of oestrous
behaviour due to extragondal oestrogen sources (e.g. adrenal
gland) (Asa et al. 1980), suppressing follicular activity may not
ensure complete absence of oestrous behaviour. If a mare’s
serum progesterone concentration is greater than 1.0 ng/ml,
signs of behavioural oestrus are usually suppressed. Exogenous
progesterone (in oil) may be administered to increase serum
concentrations (Loy and Swan 1966). Progestin
supplementation (i.e. altrenogest) has analogous effects to
exogenous progesterone (Squires et al. 1979; Webel and
Squires 1982), although it does not increase serum
progesterone concentrations. Alternatively, endogenous
progesterone levels may be sustained following ovulation by
prolonging corpora luteal function. Many methods for
prolonging corpora luteal function in the mare have been
described and evaluated in the literature, including exogenous
oxytocin administration (Vanderwall et al. 2007, 2012; Gee
et al. 2012; Keith et al. 2013), induction of a late dioestrous
ovulation with human chorionic gonadotropin (hCG; Hedberg
et al. 2006), intrauterine administration of plant oils (Wilsher and
Allen 2011), termination of early pregnancy (Lefranc and Allen
2004), and intrauterine glass marbles or devices (Nie et al. 2003;
Rivera del Alamo et al. 2008; Argo and Turnbull 2010).

Owners may choose a uterine marble to suppress oestrus
in their mare because they are inexpensive (Vanderwall and
Nie 2011), relatively easy to place (Nie et al. 2003), and do not
require continuous drug administration. However, the devices
have many disadvantages, the foremost of which is limited
efficacy (Nie et al. 2003; Argo and Turnbull 2010). This method
of oestrus suppression is not readily reversible with an injection
of PGF2a and may require manual removal. If not manually
removed, a mare may retain a marble for years, resulting in
infertility or pregnancy loss. Reports describe glass marbles
that have spontaneously fragmented in the uterine lumen,
creating glass shards that could permanently impair fertility
(Vanderwall and Nie 2011; Turner et al. 2015). The presence of
two marbles within the uterine lumen may increase the risk of
shearing and fragmentation due to repeated contact of the
two balls (Turner et al. 2015). In addition, one case has
previously been reported of a mare who developed
pyometra secondary to a uterine marble (Klabnik-Bradford
et al. 2013) and another of urogenital discomfort in a mare
associated with the presence of two uterine marbles
(Vanderwall 2013). Here we report a mare with chronic
intermittent colic attributed to two uterine marbles.

In this case report, a second intrauterine marble was
placed in 2008 only 3 weeks after the initial marble due to
presumed spontaneous expulsion (based on return to oestrus
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and transrectal palpation and ultrasonography findings).
While evaluating this mare for colic 4 years later, transrectal
palpation and ultrasonography was performed on several
occasions. A more thorough examination of the reproductive
tract was performed, and two intrauterine marbles were
identified, only after abdominal radiographs showed two
round, radiopaque objects in the caudal abdomen. This
oversight, both at the time of placement of the second
marble and when evaluating the mare for colic, illustrates
that even experienced equine practitioners may not identify
foreign objects within the uterine lumen. This report is an
excellent example of the integral value of transrectal
palpation with ultrasonography and how it is possible to
perform too cursory of an examination. If the uterus and both
corpora-cornual junctions had been appropriately cupped
and palpated, a uterine marble may not have been missed
during ultrasonographic examination. If a marble is not
identified by palpation within the lumen of the uterus prior to
transrectal ultrasonography, it is possible that an intrauterine
marble may be mistaken for an object outside of the uterus
(e.g. faecal ball within the small colon). This report
emphasises the importance of approaching routine
reproductive examinations with an open mind, whether
evaluating a problem (e.g. vulvar discharge, colic) or
performing a routine pregnancy examination. Missing twins
when only a single ovulation has been previously recorded is
another example of an error due to assumptions and failure
to perform a complete and thorough examination.

Following removal of the uterine marbles in this mare, the
owner was asked to bring the mare back when she was in
oestrus for endometrial cytology and culture to ensure that the
long-term fertility of the mare had not been compromised. The
ability of intrauterine marbles to induce inflammation is
controversial. Long-term use of intrauterine devices as
contraceptives in feral mares induced mild to moderate
chronic endometritis (Daels and Hughes 1995), and 3 mares in
another study developed intrauterine fluid following glass ball
placement (Nie et al. 2003). Conversely, endometrial culture,
cytology, and biopsy samples obtained following intrauterine
glass ball removal 6–8 weeks after initial placement were not
different from samples obtained prior to marble insertion
(Rivera del Alamo et al. 2008; Argo and Turnbull 2010). It is
possible, however, that significant endometrial changes may
not be seen with a uterine marble in place for such a short
duration. Endometrial biopsies performed following removal of
a uterine marble that has been in place for years may not be
negative, although the authors are not aware of any published
studies with such long-term follow-up. It is also controversial
whether antibiotics should be infused in the uterus following
glass ball placement to prevent persistent endometritis from
contaminants inadvertently introduced, with some studies
including this in their protocol (Nie et al. 2003; Argo and
Turnbull 2010) while others did not (Rivera del Alamo et al.
2008). Intrauterine contamination during placement of a glass
marble is a valid concern with pyometra now reported as an
adverse sequela (Klabnik-Bradford et al. 2013), although
cervical incompetence may have been a contributing factor
in that case.

In summary, this report describes a case of chronic
intermittent colic in a mare attributed to the presence of two
marbles in the mare’s uterus. This case illustrates that the
reproductive tract should be closely examined with both
transrectal palpation and ultrasonography, and intrauterine

marbles should be considered as a differential diagnosis, in a
mare with chronic intermittent colic, especially if the mare is
a performance animal which may have had a marble
implanted at the request of the current or previous owner.
Prior to implementing therapy to suppress oestrus, a
veterinarian should establish a true cause and effect
relationship between a mare’s oestrous cycle and behaviour
or performance complaint. If oestrus suppressive therapy is
deemed necessary, different methods, including their
advantages, disadvantages, and degrees of efficacy, should
be discussed with owners. This case report adds to the current
body of literature, illustrating that intrauterine marbles are not
a completely benign method of oestrus suppression. The use
of an intrauterine marble in a mare should be judiciously
considered prior to implementation.
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Summary
A sound knowledge of dental and periodontal anatomy
provides the basis for an accurate diagnosis of dental
abnormalities. It must be remembered that dental and
periodontal anatomy, especially in the horse, undergoes
continuous morphological changes throughout life. From birth
to age about 6 years the deciduous and later the permanent
teeth emerge in turn through the oral mucosa. Even the
permanent dentition is subjected to continuous, dynamic,
morphological changes due to massive occlusal wear and the
compensatory tooth eruption that is necessary in herbivores.
Consequently, it is not surprising that the normal equine oral
anatomy of structures shows a wide range of variations. The
purpose of this tutorial article is to review and summarise the
current knowledge of equine dental and periodontal anatomy,
paying special attention to age related morphological
changes.

Equine odontogenesis (dental development) – a
never ending story

Early odontogenesis – tooth germ formation
Odontogenesis in the horse follows the same basic principles
as seen in other mammals. During fetal development, teeth
form as composite structures from 2 different germ layers. From
an ectodermal component, derived from the oral epithelium,
and from a mesectodermal component, which is represented
by the connective tissue (ectomesenchyme) within the
developing jaws (McCollum and Sharpe 2001; Jheon et al.
2013). These 2 tissue components will form 3 different
morphological structures that together make up the tooth
germ, i.e. the epithelial enamel organ, the ectomesenchymal
dental papilla and the ectomesenchymal dental follicle
(Jheon et al. 2013; Nanci 2013).

Cells of the oral epithelium migrate into the depths of the
jaw and form the enamel organ, which initially features a
bud-like shape. Due to well organised cell proliferation
and further cell migration, the enamel organ grows and
develops a cap-like shape, then a bell-like shape and finally
features the structural appearance of the actual tooth crown
(Schroeder 2000a). At that time the mesiodistal and the
vestibular-palatal/lingual dimensions of the developing tooth
are already determined. Only the length of the tooth increases
with time due to elongation of the enamel organ in an apical
direction (Kumar 2011a). For that reason, teeth are unable to
adapt their dimensions to the actual available space like other
tissue and organs that form and grow in adequate relation to
other morphological structures. This fact explains the need for
2 different dentitions (a deciduous dentition and a permanent
dentition) and the need for a staggered appearance of the

teeth adjusted to the growth of the facial bones (Kumar
2011b).

Once the enamel organ has formed, a complex cross talk
between the epithelial cells of the enamel organ and the
ectomesenchymal cells in the vicinity starts initiating the
specific development of the other components of the tooth
germ (McCollum and Sharpe 2001). The enamel organ can be
considered to be a hollow mould, made up of epithelial cells,
which is embedded in the ectomesenchymal tissue of the
developing jaw. Accordingly, the enamel organ divides the
ectomesenchymal tissue into 2 portions. One portion that
becomes enveloped by the epithelial enamel organ is now
referred to as the dental papilla. Another portion, peripheral to
the enamel organ, is now referred to as the dental follicle (Ten
Cate 1995).

Formation of the tooth substances
Particular cells of the enamel organ will differentiate into
ameloblasts to produce the enamel of the tooth. In due
course, cells in the peripheral layer of the dental papilla
differentiate into odontoblasts to produce the dentine. In that
way, the dental crown, composed of a core of dentine
topped with a coat of enamel, forms (Bosshardt 1992). When
enamel production, and therefore crown formation, is
completed, the enamel organ gives rise to the epithelial root
sheath (Hertwig’s epithelial root sheath). From now on the
epithelial root sheath initiates the development of the dental
roots, which are composed of dentine covered by layers of
dental cementum (Becker 1970; Bosshardt and Schroeder
1996).

During dentine production the odontoblasts develop long
cellular processes that become integrated in dentinal tubules.
Cells in the centre of the dental papilla form the dental pulp.
Some cells of the dental pulp remain in an undifferentiated
state and have the potential to replace exhausted
odontoblasts to guarantee lifelong production of new layers of
dentine (Mitsiadis et al. 2011). In contrast, the enamel organ,
together with the ameloblasts, disintegrate after the enamel
layer has been completed and thus, subsequent formation of
new enamel or repair of enamel defects is impossible. Because
dentine, odontoblasts and pulp all have the same
odontogenic origin, and retain a close spatial association,
these components are an interrelated tissue complex that is
referred to as the endodontium (Schroeder 2000a).

The periodontium

Cementum, periodontal ligament and alveolar bone
At the periphery of the enamel layer, cells of the dental follicle
differentiate into cementoblasts, fibroblasts and osteoblasts to
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produce and then organise the individual constituents of the
periodontium, i.e. cementum, periodontal ligament and
alveolar bone (Berkovitz 1990). A functional periodontium –
providing anchorage of the tooth to the alveolar bone –
cannot develop before the epithelial enamel organ has
finished enamel production and then disintegrates. At that
stage, the cementoblasts come into contact with the
completed enamel surface (similarly during root formation the
epithelial root sheath disintegrates and cementoblasts come
in contact with dentine). At this moment, cementoblasts start
to deposit cementum on the exposed enamel surface
(similarly, during root development on the exposed dentinal
surface) and collagen fibres of the periodontal ligament are
integrated into this cementum (Sahara 2014) (Fig 1). At the
same time the periodontal collagen fibres, termed Sharpey’s
fibres (Jones and Boyde 1974; Mitchell et al. 2003) become
integrated into the alveolar bone establishing an attachment
of the tooth to the alveolus (Levy and Bernick 1968; Grant and
Bernick 1972). The periphery of the tooth and the alveolar
bone form the 2 borders of the periodontal space which can
be visualised radiographically as a radiolucent line, whilst the
alveolar bone appears as a delicate radiodense line termed
the lamina dura (Fig 2).

Because of its odontogenic development, the dental
cementum is actually a constituent of the periodontium rather
than a part of the actual tooth. However, in equine dentition
the dental cementum not only functions as an interface
between the tooth proper and the periodontal ligament, it is
also a major functional component of the crown, where
cementum acts as slightly flexible supporting material for the
hard, but brittle enamel ridges (Mitchell et al. 2003). In contrast,

in brachyodont teeth dental cementum is exclusively
deposited on the dental roots in an intra-alveolar position,
where it only functions for dental attachment. The significant
differences – concerning the topographical position as well as
function – between brachyodont and hypsodont teeth
cementum justifies a subdivision of the equine cementum into
periodontal cementum (contributing to the anchorage of the
tooth) and clinical crown cementum (contributing to occlusal
surface geometry). Horses have a third type of cementum,
infundibular cementum, which fills the infundibula of maxillary
cheek teeth and incisors (Baker 1979; Fitzgibbon et al. 2010;
Suske et al. 2014).

Therefore it is not surprising that equine cementoblasts are
much more active than the cementoblasts of brachyodont
species and produce large amounts of occlusal cementum in
a subgingival position at a rate of several mm/year, in contrast

Fig 1: a) Extracted permanent mandibular molar (309), one year
post eruption (similar status as tooth 410 in figure 2a). b) Higher
magnification of the indicated area (red rectangle in a). The dental
surface displays areas of uncovered enamel (E). The clearly visible
horizontal ridges (termed perikymata) represent incremental
growth lines that appear during normal enamel development. First
signs of cementum (C and yellow arrows) are seen occlusal to the
uncovered enamel. c) Histological section of an area
corresponding to b, paraffin section, EDTA-decalcification,
Masson-Goldner-Trichrom staining. The enamel has been
dissolved by decalcification (white area on the left hand side). First
deposits of dental cementum (yellow arrows) are produced by
cementoblasts (yellow arrowheads). The periodontal ligament
(PDL) does not contain a tooth supporting fibre apparatus at this
developmental stage. Remnants of the disintegrating enamel
organ (red arrows) are still present.

Fig 2: a) Radiograph of a hemimandible of a 2.5-year-old horse,
the white line indicates the position of the gum line. The periapical
regions of the permanent teeth show typical features of continued
odontogenic processes. Dotted line: extension of the dental
follicle, at these regions the tooth is not attached to the alveolus.
Yellow arrows: first signs of mineralisation in dentine and enamel,
red arrows: dental papilla forming the pulp tissue in this area, green
arrow: alveolar bone (lamina dura); green arrowhead: periodontal
space containing the periodontal ligament which provides tooth
support; blue arrows: bony swellings caused by eruption cysts. b)
Radiograph of a hemimandible of a >20-year-old horse, the white
line indicates the gum line. The formation of an alveolar bone
(green arrows) and a corresponding periodontal space (green
arrowheads) has been completed even at the root tips supposing
firm anchorage of these areas.
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to man, where the formation of dental cementum is restricted
to only a few μm/year (Bosshardt 2005).

Gingiva
The above-mentioned components of the periodontium
(cementum, periodontal ligament and alveolar bone) are
covered by the gingiva, which provides a barrier between
the periodontal space and the oral cavity (Fig 3). Accordingly,
the periodontium (periodontal tissues) comprises 4
components, with the alveolar bone and the periodontal
ligament hidden under the gingiva, whilst the gingiva as well
as the clinical crown cementum is visible in the oral cavity,
where these latter 2 tissues can be readily clinically examined.
The gingiva first develops when the tooth erupts through the
oral mucosa that then surrounds the emerging tooth
(Schroeder 2000b). Depending on its anatomical position, the
gingiva can be divided into 2 zones: the interdental gingiva
(interdental papilla) and the noninterdental (buccal/labial
and lingual/palatal) gingiva. Additionally, the gingiva is
divided into several parts according to its site and function.
The basal lamina of the penetrated oral epithelium attaches
to the sides of the tooth and this part of the oral epithelium
becomes the junctional epithelium. Occlusal to the junctional
epithelium the gingival sulcus (crevicular sulcus) forms
(Schroeder 2000b), which is bordered by the tooth and the

sulcular epithelium. At the gingival crest, the sulcular
epithelium adjoins the proper gingival epithelium, which faces
the oral cavity. More peripherally, at the mucogingival
junction, the gingival epithelium joins on to the alveolar
mucosa, which covers the tooth bearing aspects of the jaws
(Fig 3). The gingiva can further be divided into 2 regions. The
region of the gingiva which is peripheral to the gingival sulcus
and the junctional epithelium is termed the free gingiva
(marginal gingiva), whilst the more peripheral gingiva which is
firmly attached to the bones of the jaws by dense collagen
fibre bundles is therefore termed attached gingiva. The border
between the free gingiva and the attached gingiva is
indicated by the so-called free gingival groove. However,
even in the extensively defined gingival structures of man, this
groove is visible in only 20–40% of the gingival area (Schroeder
2000b). It should be noted that the position of the free gingival
groove – if visible – is not an external landmark for the depths
of the gingival sulcus.

The attachment of the junctional epithelium to the tooth is
facilitated by a structural complex termed the ‘epithelial
attachment’ (Nanci and Bosshardt 2006). The epithelial cells
facing the tooth provide a modified basal lamina that adheres
to the tooth surface and the cells are connected to this basal
lamina via hemidesmosomes (Schroeder and Listgarten 1997).
Thus, a complete epithelial lining of the oral cavity is
established and maintained, during and after tooth eruption.
Its main function is to prevent pathogenic microorganisms
from progressing into the intra-alveolar periodontal structures.
However, apart from a mere structural barrier, the junctional
epithelium shows particular cellular adaptions that promote
immunological defence mechanisms. Intercellular spaces are
relatively wide due to a low density of desmosomes that
interconnect the junctional epithelium cells. These cellular
features account for the high permeability of the junctional
epithelium, which allows various leucocytes and molecules to
migrate into the junctional epithelium. Continued migration
allows these immunological components in the gingival sulcus
to enrich the gingival (crevicular) fluid that it contains (Attström
1970; Attström and Egelberg 1970). The junctional epithelium
together with the gingival fluid play a pivotal role in controlling
the perpetual microbial challenge facing the periodontal
tissues. Failure of the dentogingival junction leads to infection
of underlying periodontal tissues and abnormal deepening of
the gingival sulcus, which is now termed a periodontal pocket
(Nanci 2013). In human and small animal dentistry, the gingival
sulcus depth can be used as a reliable indicator of the stage of
a periodontal disease that is present. An equine gingival sulcus
depth of >5 mm has been proposed as an indicator of
periodontal disease (Klugh 2010). However, there appears to
be a large overlap between physiological and likely
pathological gross and histological findings in equine
periodontal structures as recently demonstrated by Cox et al.
(2012). Further anatomical studies are required to differentiate
critically between healthy and diseased periodontal tissues.

Although most available data have been obtained in
nonequine species, it can be assumed that the general
functional principles of the nonequine gingiva also apply for
equine gingiva, even though there are significant anatomical
differences between hypsodont and brachyodont gingiva. In
brachyodont teeth the junctional epithelium is mainly
attached to the enamel surface just occlusal to the
cemento–enamel junction. As the equine tooth is
characterised by a complete cemental coverage, the

Fig 3: Maxillary cheek teeth, buccal aspect (a) and
palatal/occlusal view (b). The gingival crest (red arrows) is clearly
visible featuring a curved line. The red arrowheads indicate the
entrance into the gingival sulcus. White arrows indicate interdental
papillae reaching into the interdental spaces for a short distance.
Asterisks: Oral epithelium, showing the transition from free gingiva
to attached gingiva and further to the alveolar mucosa without
clear margins. c) Histological section of the equine gingiva, epon
embedding, EDTA-decalcification, toluidine blue staining. The
gingival sulcus (red arrowhead) is bordered by the dental
cementum (C) and the sulcular epithelium (SE). The junctional
epithelium (JE) provides firm attachment of the gingiva to the tooth
and allows transmigration of leucocytes into the gingival sulcus. LP:
lamina propria of the gingiva.
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junctional epithelium has to be attached to the cementum
(Dixon and Du Toit 2010). Moreover, the high rate of continued
tooth eruption in the horse requires a lifelong structural
remodelling and renewal of the epithelial attachment, greatly
exceeding that of brachyodont species. This may be why the
equine gingival tissues apparently have such a wide range of
normal anatomical variation.

Structural and functional adaptations to
compensate for high occlusal wear

Hypsodonty
Remarkably, the above described odontogenic processes are
not restricted to a pre-eruptive stage of tooth development in
the horse. Even after the tooth has moved to a functional
position and the occlusal surface becomes in contact with the
antagonistic tooth, odontogenesis continues at the apical end
of the equine tooth for a considerable time (Fig 2).
Consequently, enamel formation, and thus crown formation, is
not finished once the tooth emerges through the oral mucosa.
This odontogenic particularity distinguishes the hypsodont
equine tooth from brachyodont teeth where crown formation
is completed at the time of dental eruption through the oral
mucosa. However, the hypsodont equine teeth do not possess
the capacity for lifelong crown formation like in hypselodont
teeth, e.g. the incisors of rodents, canine teeth of boars and
elephant tusks. Equine cheek teeth continue to have enamel
production for about 5 years after eruption, after which true
roots, composed of dentine and cementum, form for about 10
years (Wulff 2005; Staszyk et al. 2006). After that time, the root
tips become elongated solely by deposition of cementum
(Vollmerhaus et al. 2001; Staszyk et al. 2006).

A large portion of the dental crown (by definition the
enamel-containing part of the tooth) lies within the dental
alveolus, and is termed reserve crown. The cementum
covering of the reserve crown is attached to the periodontal
ligament. This deposition of cementum on an enamel surface
(of the equine clinical and reserve crowns) represents a
notable feature of equine teeth. In contrast, in brachyodont
teeth dental cementum is only deposited on the dentine of
the dental root, which is hidden in the dental alveolus.
Consequently, disorders of dental cementum of the
supragingival crown do not occur in brachyodont dentition.
However, recent studies indicate that abnormalities of clinical
crown cementum do occur in equine dentistry (Gere and
Dixon 2010; Erridge et al. 2012).

Continued eruption and occlusal wear
The equine tooth has to erupt throughout the horse’s life to
compensate for occlusal wear. In equine cheek teeth the
occlusal loss of calcified tooth is more than compensated by
new crown formation during the first year after the tooth
comes into occlusion, i.e. the tooth grows even longer
although being subjected to occlusal wear. During the second
year post eruption, occlusal wear is balanced by new crown
formation and the tooth length stays constant. After that time,
crown and/or root formation cannot fully compensate for
occlusal wear, thus resulting in continued reduction of the
tooth length (Staszyk 2011). Finally, when the reserve crown is
worn away, the dental roots appear at the occlusal surface in
senile teeth.

Equine incisors show a fairly different pattern of dental
growth and wear from cheek teeth (Muylle et al. 1996; Muylle

2010). Once erupted, new formation of dental substances at
the apical aspect of incisors outbalances occlusal wear for 2–4
years, resulting in increasing incisor length during this period
(Schrock et al. 2013). Remarkably, once the maximum length is
obtained, it is then maintained for about 10 years, up to a
dental age of 13–15 years. Subsequently, the incisor length
decreases continuously with time (Schrock et al. 2013).

The amount of occlusal wear and compensatory tooth
eruption in equine cheek teeth has been estimated to be
about 2–4 mm/year, with maximum rates of up to 9 mm in
young horses (Kirkland 1994; Easley 1996; Dixon 2005).

The prolonged and high rate of tooth eruption requires a
well-orchestrated regulation to keep the occlusal surface of
each tooth of the dental arcade in line with those of the other
teeth. The question arises of whether dental eruption can
adapt to differing levels of occlusal wear. The presence of
dental overgrowth following loss of the antagonistic tooth
suggests that the eruption rate does not distinctly adapt to a
reduced rate of occlusal wear in the horse. Experimental
studies on the hypselodont teeth of rabbits and guinea pigs
showed that eruption rates are positively correlated with
occlusal wear (Mueller et al. 2014a,b), although the
mechanisms by which the amount of wear is detected and
the eruption rate is subsequently regulated remain
unexplained.

Biomechanical considerations and
structural consequences
From a biomechanical point of view, the continued reduction
of the intra-alveolar part of the tooth results in a reduced area
for periodontal attachment and therefore masticatory forces
are transmitted by a continuously reducing periodontal–
dental interface. This is compensated by significant, age
related changes in the collagen fibre system of the
periodontium (Wulff 2005; Staszyk et al. 2006; Cordes et al.
2012). In young teeth, with a long reserve crown (large
intra-alveolar surface), the collagen fibres are relative loosely
arranged (Fig 4). Moreover, in their periapical region a
functional enamel organ is still present, which is surrounded by
the undifferentiated, soft connective tissue of the dental
follicle. The dental attachment tissues (dental cementum,
periodontal ligament and alveolar bone) are still undeveloped
and thus, the tooth remains completely unattached in this
region (Figs 1 and 2). In older teeth, with a shorter reserve
crown and thus reduced intra-alveolar attachment area, the
periodontal collagen fibres are densely packed and because
the epithelial organs (enamel organ and epithelial root
sheaths) have long disintegrated, even fine root tips are firmly
attached to the alveolus by dense collagen fibres (Fig 2).
Recognition of these age-related histological differences is
helpful when planning dental extractions in horses of different
ages.

Eruption cysts
The above-described processes of odontogenesis, which may
seem to be clinically irrelevant, might, however, help us to
understand some unusual dental-related features observed in
clinical practice. For example, the prolonged persistence of
an enamel organ and its surrounding dental follicle are clearly
visible in radiographs of young teeth (Soana et al. 1999) where
they could be confused with apical infection and may cause
focal swellings in certain regions of the jaws (Fig 2).
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Radiographically, the so-called eruption cysts (‘3 or
4-year-old bumps’, Prominentiae osseae transistoriae) appear
as radiolucent regions periapically to developing cheek teeth
(Dixon and Dacre 2005). At these sites, the enamel organ is still
producing new enamel and the surrounding dental follicle is
still composed of undifferentiated soft connective tissue (Figs 1
and 2). These space-occupying embryonic structures cause
adjacent bone lysis and then cause bony swellings to develop
when the external surfaces of the supporting bones are
reached. Therefore, an eruption cyst occurs in the periapical
region of every developing tooth but an adjacent bony
swelling occurs only where the apical aspect of the tooth lies
close to the margin of the jaw bones.

Typically, eruption cysts cause palpable swellings on the
mandible ventral to the apices of the Triadan 07 and 08 (3rd
and 4th premolar) at age about 3–4 years (Baker 1979; Dixon
2002; Dixon and Dacre 2005). In the maxilla, the Triadan 06, 07,
and 08) and occasionally the first molar (09) produce bony
swellings (and also bony erosions) in the lateral aspect of the
maxilla, but these swellings are overlaid by the levator
nasolabialis and levator labii superioris muscles and are
therefore usually not clinically recognised.

Eruption cysts are a physiological, transient phenomenon
and should not be considered as a disorder. However, in some
mandibular eruption cysts, the periapical region of the tooth
may lie directly beneath the skin without any overlying
protecting bone. The presence of such cysts might contribute
to the development of a periapical infection with fistula
formation (Dixon et al. 1999, 2000) (Fig 2).

Due to the lateral convex curvature and medially directed
apex of the maxillary cheek teeth, these teeth, in addition to
causing eruption cysts on the lateral aspect of the maxilla, can

also cause swellings on their medial aspect with possible –
temporary – nasal occlusion and moreover compression of the
infraorbital canal and therefore the infraorbital nerve.

The equine dental characteristics of prolonged
odontogenesis, hypsodonty, continued eruption and massive
occlusal wear account for highly variable appearances of the
dental and periodontal structures, especially in radiographic
images. Age specific, anatomical features should be
considered when clinically or radiographically examining
equine teeth.

Occlusal surface and endodontic cavities
Although the length of teeth greatly reduces over time, the
occlusal surface anatomy remains relatively constant to allow
mastication of forage. In all functional (i.e. have occlusal
contact with opposite teeth) equine teeth (incisors, Triadan 06s
to 11s) the clinical crown features protruding enamel ridges,
surrounded by recessed dentine and cementum (Boyde 1997;
Vollmerhaus et al. 2001). Although the enamel folds have
complex peripheral infoldings in cheek teeth, the peripheral
enamel is a continuous ring, encircling valleys of dentine.
Peripherally the enamel is embedded in peripheral cementum
(Kaiser and Fortelius 2003). This general spatial pattern results
from the formative events in early odontogenesis (Fig 5).

Infundibula
A unique evolutionary adaptation in some herbivoress are
infundibula, which are enamel infoldings from the occlusal
surface (having an occluso-apical orientation). Each incisor
contains one infundibulum; each functional maxillary cheek
tooth (06th to 11th) possesses 2 infundibula, one in its mesial
aspect and one in its distal aspect. The cheek teeth
infundibula extend almost the entire length of the crown
(clinical and reserve crown) and thus can reach a length of up
to 100 mm in young teeth (Fitzgibbon et al. 2010). The incisor
infundibula are considerably shorter extending for only
10–30 mm into the dental crown (von Mueller 1908; Dixon and
Du Toit 2010; Wissdorf et al. 2012).

During odontogenesis, the dental follicle (including its
cement forming cells) follows the infolding enamel organ and
therefore the infundibulum becomes filled with infundibular
cementum. The cemental filling of the incisor infundibulum is
usually incomplete leaving a large central, infundibular cavity.
In contrast, maxillary cheek teeth may have a complete
cemental filling with a small central opening, which is the site
of a former infundibular central artery. This blood vessel
provided nourishment for infundibular cementogenesis prior to
tooth eruption. When the tooth breaks through the oral
mucosa, the central infundibular blood vessels disrupt. Recent
studies suggest that the central infundibular blood vessels are
supplemented by an apical blood supply that persists for
several years post eruption (Fitzgibbon et al. 2010). In addition,
blood vessels were demonstrated that enter the infundibula
from the mesial side (mesial infundibulum) and from the distal
side (distal infundibulum), respectively slightly subocclusally
(Suske et al. 2014). Hence, infundibular cementogenesis does
not cease abruptly when the tooth emerges through the oral
mucosa but might be prolonged for a hitherto undetermined
period of time. Interestingly, the lateral blood supply to the
mesial infundibulum is located in a more occlusal position
compared to that of the distal infundibulum, causing a
considerable difference in infundibular blood supply and

Fig 4: Histological sections of the periodontal ligaments (PDL) of an
8-year-old tooth (a) and a 15-year-old tooth (b), paraffin section,
EDTA-decalcification, Masson-Goldner-Trichrom staining. Alveolar
bone to the right, dental cementum to the left. The periodontal
collagen fibre system features denser fibre bundles in the older
tooth, which is assumed to be an adjustment to the reduced
intra-alveolar attachment area.
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suggesting a shorter duration of blood supply post eruption for
the mesial when compared with the distal infundibulum. These
odontogenic/odontological particularities might help to
explain often observed incomplete cemental fillings of cheek
teeth infundibula termed infundibular cemental hypoplasia
(infundibular hypocementosis). Cemental hypoplasia is
generally present in up to 65% of equine maxillary cheek teeth
(Baker 1979; Kilic et al. 1997; Fitzgibbon et al. 2010) and is more

frequently observed in the mesial compared to the distal
infundibulum (Veraa et al. 2009; Windley et al. 2009; Asanger
2011), which corresponds to the suggested asymmetry in post
eruption duration of infundibular blood supply (Suske et al.
2014).

Infundibular cemental hypoplasia is a developmental
abnormality that potentially can lead to further pathological
changes in affected teeth, including midline sagittal fracture
or endodontic and apical infections (Dacre et al. 2008b).

Endodontic cavities – pulp horns, common pulp
chamber and root canals

Cheek teeth
For approximately 2 years after eruption, equine cheek teeth
possess a common pulp chamber in their apical region, which
is connected to the so-called pulp horns that extend in an
occlusal direction. Cheek teeth 07 to 10 all have 5 pulp horns,
all 06s possess one additional pulp horn in their mesial aspect,
mandibular 11 have one additional pulp horn in their distal
aspect, and maxillary 11 have 2 additional pulp horns in their
distal aspect (Du Toit et al. 2008; Windley et al. 2009; Kopke
et al. 2012). Root canals form during root formation and
represent extensions of the common pulp in an apical
direction.

To prevent occlusal exposure of the pulp horns when the
occlusal surfaces are worn down, prolonged deposition of
secondary dentine at a high rate is required. The dentine that
caps each pulp horn appears as a distinct area on the
occlusal surface (Fig 5). It features a dark brown region,
consisting of regular secondary dentine, with a bright centre,
consisting of irregular secondary dentine (Dacre et al. 2008a).
The histological features of irregular secondary dentine are
very similar to those of tertiary dentine. However, the
deposition of irregular secondary dentine is a physiological
event in all equine teeth whereas the deposition of tertiary
dentine only occurs in response to harmful stimuli.

Within deeper regions of the tooth, the lifelong production
of secondary dentine results in narrowed pulp cavities and
causes division of the common pulp into separate pulp
compartments. A pulp compartment consists of at least one
pulp horn and at least one root canal (Kopke et al. 2012) and
this pulp compartment segmentation becomes more distinct
with age. The resulting configuration of individual pulp
compartments is more complex in maxillary compared to
mandibular cheek teeth (Dacre et al. 2008a; Windley et al.
2009; Kopke et al. 2012). A detailed description of the spatial
configuration pattern of the cheek teeth pulp compartments
was recently published by Kopke et al. (2012). The
configuration of the endodontic cavities and age-related
changes are of clinical significance in terms of microbial
invasion of the pulp and spread of infection, and moreso for
the endodontic treatment of cheek teeth pulpar infections.
However, the pulp compartment configurations vary
considerably, and hence the individual pulp compartment
status is unpredictable.

Unfortunately, almost the same is true for the distance
between the occlusal dentinal surface and the vital pulp. The
subocclusal dentine layer varies greatly, with some teeth
having <3 mm of occlusal dentine and others having >30 mm
(White and Dixon 2010). Of special clinical importance is the
finding that overgrown parts of teeth often have less

Fig 5: Equine maxillary (a, b) and mandibular (c) cheek teeth. The
dental hard substances are arranged in a complex pattern. E:
peripheral enamel; iE: infundibular enamel; C: peripheral
cementum; iC: infundibular cementum; red arrows: canals for
central infundibular blood vessels; sD: regular/irregular secondary
dentine capping the pulp horns; pD: primary dentine; the numbers
indicate the system for pulp horn positions according to Du Toit
et al. (2008).
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subocclusal dentine than adjacent normal teeth (Gasse et al.
2004; Marshall et al. 2012).

Recent studies document the potential risk of motorised
grinding instruments causing serious thermal damage in the
underlying pulp but also suggest that this is likely to occur only
by prolonged treatments (Haeussler et al. 2013, 2014; O’Leary
et al. 2013).

The distance of the vital pulp to the mesial (rostral) and the
distal (caudal) border of the cheek teeth varies between
<3 mm and 9 mm (Kopke and Staszyk 2010; Bettiol and Dixon
2011; Dixon et al. 2014), with a mean distance of
approximately 5–6 mm. Pulp horns in the distal (caudal)
aspect of the tooth are often closer to the interdental space
than pulp horns in the mesial (rostral) aspect of the tooth. This
anatomical feature must be remembered when performing
diastema widening for treatment of periodontal disease.

Incisors and canines
Although the above-described general principles of pulp
anatomy and tooth eruption also apply for equine incisors,
these teeth have a very different shape and therefore a
separate description is needed. Equine incisors feature a
Y-shaped pulp cavity made up of 2 pulp horns; one
labiomesial and one labiodistal to the single incisor
infundibulum. This configuration is present in both arcades but
appears more pronounced in the upper incisors (Schrock et al.
2013). The presence of 2 individual pulp horns is also reflected
on the occlusal surface by the occurrence of 2 dental stars
(areas representing the regular/irregular secondary dentine
complex capping the pulp horns) (Muylle et al. 2002). The pulp
horns fuse at the level of the base of the infundibulum in the
upper incisors, but a few millimetres occlusal to this level in the
lower incisors. As the endodontic cavity apical to the fused
pulp horns extends from the reserve crown into the dental root,
the term root canal (as used for brachyodont teeth) does not
seem appropriate and so the term pulp canal is proposed for
this equine structure. It has recently been shown that the
shape of incisor pulp canals ranges from tubular to
mesiodistally flattened (Schrock et al. 2013). These canals are
mostly unbranched in the upper incisors, but small side
branches are present in the apical aspect of the pulp canal of
the lower incisors (Schrock et al. 2013). The equine canines
(04s) and first premolars (05s) have a simple (unbranched)
endodontic cavity, similar to that found in the haplodont teeth
of brachyodont dentition.
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Summary
Hyperlipaemia is a disease resulting from excessive
mobilisation of triglyceride stores such that plasma clearance
processes become overwhelmed. Consequently increased
plasma triglyceride concentrations (>5.6 mmol/l), visibly
cloudy plasma and a sick, anorexic or hypophagic subject
follow. Epidemiological studies have identified many
predisposing and triggering factors and the attentive carer or
veterinary surgeon should be alert to such risk factors so that
the disease can be prevented, or at least identified and
treated at an early stage. Hyperlipaemic subjects are
invariably in a negative energy balance, and nutritional
management therefore plays a central role in both the
prevention and resolution of the disease.

Introduction

Hyperlipaemia is a disease encountered occasionally in
veterinary practice which, although frequently nonspecific in
clinical presentation, requires prompt recognition if success is
to be achieved. The disease can be simply thought of as a
pathological exaggeration of the normal process by which
fat deposits are mobilised in the face of a negative energy
balance. This culminates in a sick individual with multiorgan
compromise demonstrating opacity of plasma owing to high
circulating concentrations of abnormal lipoproteins (Watson
et al. 1992a). The disease appears to be restricted to
individuals with certain inherent risk factors, which are then
exposed to further factors that trigger the sequence of events
culminating in the disease. A relatively high mortality rate is
typical although the condition is reversible with appropriate
therapy principally aimed at correcting the negative energy
balance.

Pathophysiology

Fundamentally hyperlipaemia occurs when the rate of
lipolysis from adipose stores exceeds the rate of removal of
triglyceride (TG) from the plasma. Plasma TG concentrations
are homeostatically controlled such that in a normal fasting
status fat breakdown and tissue uptake should be in relatively
strict equilibrium although there are several influences on the
relevant pathways that may disrupt this fine balance and
predispose to progressive TG accumulation in plasma (Fig 1).

The susceptible endocrine/metabolic phenotype
Hyperlipaemia can be considered an endocrinopathic
disease as insulin resistance (IR) is an important feature of
affected animals. Insulin is a highly anabolic hormone
promoting storage of energy as fat and glycogen and it
follows that facilitation of lipolysis and glycogenolysis are

inherent features of an insulin resistant status (Foufelle and
Ferr�e 2002). This procatabolic status of IR may be especially
hazardous when facilitation of lipolysis is combined with
excessive amounts of substrate (i.e. adipose stores) in obese
animals. This potential risk is compounded by chronic
overfeeding of an individual also possessing a highly efficient
digestive and assimilative gastrointestinal tract, as is
commonly seen in donkeys and native ponies (Cuddeford
et al. 1995).

Adipose triglyceride mobilisation and usage
The vast majority of evidence describing the metabolic
pathways relevant to hyperlipaemia comes from work in
other species with an assumption that the same processes
also exist in equids. The first step in this process is breakdown
of TG stored in adipose tissue (lipolysis) to release
nonesterified fatty acids (NEFAs, free fatty acids) and glycerol
into the circulation (Fig 1). This step is strongly inhibited by
insulin, which also promotes the opposing lipogenic pathway
of re-esterification of NEFAs and glycerol back into adipose
TG, thus preserving adipose stores (Large and Arner 1998). In
contrast, a catabolic insulin resistant status (a de facto loss of
the influence of insulin) further encourages fat-breakdown
whilst resisting lipogenesis. Lipolysis is further encouraged by
other factors including glucocorticoids, tumour necrosis factor
(TNF)-a and also by stimulation of b-receptors by
catecholamines, all of which may be increased in the
presence of anxiety and illness (Villena et al. 2004; Zechner
et al. 2009).

Following release of NEFAs and glycerol into the plasma,
they are not simply transported to peripheral cellular sites of
energy production, but rather undergo intermediate
processing after uptake into the liver (Hussain et al. 2008).
Once in hepatocytes several different pathways exist for
further processing of NEFAs and glycerol. Although some
NEFA may be used by hepatocytes for energy production, for
gluconeogenesis or ketogenesis, the major route for NEFAs
and glycerol after uptake into the liver is re-esterification
back into TG. Hepatic resynthesised TG is then incorporated
into the core of very low density lipoprotein (VLDL) particles
within a hydrophilic shell (Fig 1). The VLDL particles are then
secreted into plasma, enabling transport of internalised
hydrophobic TG in this aqueous medium. Hepatic TG
synthesis beyond the capacity for VLDL export will result in
hepatic lipidosis. Hepatic VLDL production is potently
inhibited by insulin (Ginsberg et al. 2005). Thus an insulin
resistant status facilitates VLDL synthesis and secretion into
plasma, a process that is also stimulated further by TNF-a
(Chen et al. 2009).

The final part of the pathway involves removal of VLDL
from the plasma for energy production in peripheral tissues
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(Fig 1), which may occur via internalisation of whole VLDL
particles or by release of NEFAs from triglyceride within VLDL
by endothelial lipoprotein lipase (Kersten 2014). The majority
of lipoprotein lipase exists in adipose tissue which is therefore
the major potential site for VLDL clearance. Adipose
lipoprotein lipase is stimulated by insulin, and therefore
suppressed in insulin resistant states decreasing VLDL
clearance. Cytokines such as TNF-a and granulocyte-
macrophage colony stimulating factor also suppress VLDL
clearance via suppression of lipoprotein lipase (Kersten 2014).

Thus it can be seen that the normally balanced processes
of adipose tissue lipolysis, hepatic VLDL secretion and tissue
uptake may all be affected by both IR and inflammatory
disease such that the former 2 steps are promoted whereas
the latter is suppressed, at least relatively speaking (Fig 1). This
inevitably leads to accumulation of plasma NEFA, glycerol
and TG (within VLDL), which are characteristic of the
hyperlipaemic state in ponies (Watson et al. 1992a) and may
further augment IR, leading to a vicious cycle (Akbari and
Dalir-Naghadeh 2014).

Epidemiology

Hyperlipaemia is rarely if ever seen in individuals without
readily identifiable predisposing risk factors (Jeffcott and Field
1985; Mogg and Palmer 1995; Reid and Cowan 1995; Reid
and Mohammed 1996; Burden et al. 2011). These risk factors
correspond largely to having an insulin resistant status that
predisposes to hyperlipaemia as explained above (Table 1).
The most immediately obvious factor is breed with
hyperlipaemia being seen most commonly in donkeys, native
ponies and miniature horse breeds. Additional risk factors
(probably also related to IR) include obesity, sedentary
lifestyle, old age, female gender and pregnancy. The latter
might be related to both IR and increased energy demands
increasing the likelihood of a negative energy balance
occurring. Increased energy demand is also the explanation
for lactation being a further important predisposing factor. Of
these risk factors only breed-predisposition tends to be a

consistent finding in clinical cases. Although important, the
remaining risk factors are less consistently present with, for
example, cases occurring occasionally even in lean
individuals, foals and neonates (Tan et al. 2005).

In addition to pre-existing risk factors above,
hyperlipaemia is probably finally triggered by a further
precipitating factor (Table 1). The nature of the final trigger
determines whether hyperlipaemia is regarded as primary or
secondary. Primary hyperlipaemia is considered to be present
when it occurs in the absence of an underlying clinical
disease process. Such cases may arise in pregnant or
lactating mares, but can be induced simply by stress or
anxiety (e.g. following transport or the loss of a close
companion) or by sudden feed restriction. Secondary
hyperlipaemia is triggered by a separate underlying clinical
disease process such as parasitism, dental disease, colitis or
neoplasia. Such diseases might augment IR, induce anorexia/
hypophagia or might interfere with TG transport via
inflammatory mediators such as TNF-a (see above).

Diagnosis

Given other potentially confusing clinicopathological terms
such as hypertriglyceridaemia, severe hypertriglyceridaemia

ADIPOSE 
TISSUE

•TG NEFAs +   
glycerol

PLASMA

•NEFAs + 
glycerol

LIVER

•NEFAs + 
glycerol TG

•TG into VLDL

PLASMA

• VLDL 
containing TG

PERIPHERAL 
TISSUES

•VLDL Release 
TG

•TG NEFAs
•NEFAs ATP

INSULIN

INSULIN RESISTANCE

+ +

+– –

–

Fig 1: Illustration of pathway for transit of stored adipose triglyceride (TG) to produce energy in peripheral tissues via hepatic re-
esterification of TG and very low density lipoprotein (VLDL) synthesis. Effect of insulin and insulin resistance on key elements of pathway
also indicated.

TABLE 1: Examples of recognisable predisposing risk factors for
hyperlipaemia and potential trigger factors for the disease

Predisposing factors Trigger factors

Breed (donkey, pony,
miniature horse)

Anorexia/
hypophagia

Obesity Dieting
Pregnancy Illness
Lactation Pain
Little exercise Anxiety
Older age Stress
Female (even if not
pregnant or lactating)

Management
changes
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and hyperlipidaemia, the working definition of hyperlipaemia
requires certain criteria to be satisfied. Firstly, plasma TG
(within VLDL) is >5.6 mmol/l; secondly, plasma or serum is
grossly cloudy/milky (Fig 2); and thirdly, the affected
individual is overtly sick as a consequence of the lipaemia
(Durham 2013).

Clinical signs are frequently nonspecific but invariably
include poor to absent appetite and dullness (Watson et al.
1992b; Mogg and Palmer 1995). Indeed a bright and
appetent individual may have increased plasma triglyceride,
sometimes markedly so, but cannot, by the definition above,
be hyperlipaemic. Additional clinical signs are variably
present and might reflect an underlying disease process and/
or a consequence of the hyperlipaemia per se. These include
dysphagia, muscle tremors, jaundice, colic, ventral oedema,
pyrexia, reduced faecal output, diarrhoea and neurological
signs.

Prevention of hyperlipaemia

As hyperlipaemia occurs in readily identifiable individuals, it
follows that the alert carer should be mindful of further risk
factors (especially obesity, pregnancy and old age) and
should also be alert for trigger factors (loss of normal
appetite, concurrent disease) increasing the risk of
precipitation of hyperlipaemia in susceptible subjects and
take preventative action at an early stage (Table 1).

The donkey has a particularly high risk for hyperlipaemia
due to a number of factors including their metabolic
efficiency with ability to utilise poor forage and subsequent
weight gain if fed inappropriately. Nutritional guidelines
should be used to formulate an appropriate low calorie, high
fibre, nutritionally balanced ration for donkeys (Burden 2012;
Smith and Burden 2013). A mature nonworking donkey
requires only 1.3–1.7% of their bodyweight in dry matter daily
(dependent on the season), which is considerably less than
other equids. Frequent checking of body condition, heart-
girth measurements and neck crest fat are useful to assess
weight gain and loss in the absence of accurate weigh
scales (Donkey Sanctuary 2014a).

It is likely that most hyperlipaemia cases do have a
specific trigger factor but it may often remain undetected

by carers. In a retrospective case–control study of
hyperlipaemic donkeys, concurrent disease was recognised
in 72% of cases including liver disease, colic, renal disease,
respiratory disease and laminitis (Burden et al. 2011). The risk
of developing hyperlipaemia was highest in donkeys with
concurrent disease (odds ratio 779), followed by those with
abrupt change in management (odds ratio 149). Other
significant risk factors were increasing age and dental
disease (often concurrent conditions) and cardboard/paper
bedding, which is edible, and results in gut fill without
sufficient digestible energy (DE) (Burden et al. 2011). Any
disease or situation causing pain, stress or anxiety should
raise alarm for the possibility of hyperlipaemia in susceptible
equids as should any interruptions of normal feeding
patterns. Appetite should be carefully monitored and steps
taken to stimulate interest in food should there be any
doubts about nutritional intake. In addition to IR and
obesity, pain recognition in donkeys and ponies may be
difficult to due to perceived stoicism with subsequent
delayed recognition of subtle signs of pain and ill health
(Olmos et al. 2011).

A check of TG levels should be routine with any
condition accompanied by pain or appetite suppression
and should be monitored in all hospitalised at-risk
individuals. Sensible planning prior to invasive dentistry
would include a plasma TG check, alteration of diet as
needed and adequate analgesia prior to, during and after
procedures.

Donkeys are often unjustifiably omitted from routine
preventative health care and unpublished data from the
Donkey Sanctuary shows that, among new arrivals, there are
poor levels of vaccination, dental care, farriery and
adequate nutrition. Furthermore owners are often ignorant of
the pregnancy status of jennies. Fact sheets are freely
available to guide practitioners and owners in formulating
diets suitable for many life stages and conditions of donkeys.
These may be helpful in reducing the risk of hyperlipaemia
due to dietary factors (Donkey Sanctuary 2014b). As owners
are not always aware that a jenny is pregnant or the stage of
gestation, this aspect of management should be carefully
monitored, a reduction in digestive tract capacity due to the
growing foal should be compensated by an increase in the
nutrient density of the ration.

Treatment of hyperlipaemia

General management of hyperlipaemia cases
A significant clinical challenge is to identify, where present,
underlying disease as identification and appropriate
treatment of a triggering disease process is crucial. Where
underlying disease is identified then clearly appropriate
treatment is indicated along with general homeostatic and
supportive care such as restoring and maintaining
euvolaemia and electrolyte balance.

Inflammatory diseases such as enterocolitis, parasitism
and peritonitis are not infrequently encountered in
association with hyperlipaemia (Moore et al. 1994; Mogg and
Palmer 1995). As previously mentioned, inflammatory
mediators including TNF-a generally promote lipaemia by
encouraging lipolysis and VLDL secretion whilst inhibiting VLDL
clearance from the plasma (Fig 1). Thus inflammatory disease
and anti-inflammatory medication might be especially
important in hyperlipaemia.Fig 2: Grossly lipaemic plasma and serum.
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Nutritional management
A negative energy balance is common to all hyperlipaemic
individuals. Restoration of a positive energy balance by
providing a significant energy supply stimulates endogenous
insulin secretion and effectively switches off ongoing lipolysis.
Thus nutritional management is a fundamental and highly
effective means by which to approach all hyperlipaemia
cases (Durham 2013). However, both theoretical and
practical difficulties exist with nutritional management of
hyperlipaemia, which present the clinician with several
problems.

Dietary energy is the most important nutritional measure
relevant to hyperlipaemia cases although the requirements of
sick, anorexic equids are not known with any degree of
certainty creating a basic problem with nutritional planning.
For sedentary equids that are not pregnant, lactating or
growing, daily maintenance energy requirements have been
estimated to be approximately 127 kJ (30 kcal) DE/kg bwt
(National Research Council 2007). The resting energy
requirement of stabled, sick equids is not known. On the one
hand, energy requirements could be increased by demands
associated with underlying disease-associated factors such as
the inflammatory response, whilst, on the other hand,
absence of ambulatory activity, decreased thyroid activity
and decreased losses of fermentative heat during
hypophagia might reduce requirements. Correction of signs
of negative energy balance was achieved in one study of
post operative colic cases by parenteral supply of 100 kJ/kg
bwt/day (24 kcal/kg bwt/day) (Durham et al. 2004),
significantly less than estimated maintenance requirements
above. Furthermore, reversal of hyperlipaemia can often be
achieved with as little as 60–70 kJ/kg bwt/day (14–17 kcal/kg
bwt/day) (Durham 2006). Thus supply of between 60 and
100 kJ/kg bwt/day (14–24 kcal/kg bwt/day) appears to be a
reasonable target for nutritional management of
hyperlipaemia in nonpregnant, nonlactating individuals
(Table 2). One gram of sugar or protein contains 17 kJ
(4 kCal) energy whereas fat contains approximately 37 kJ/g
(9 kCal/g). Mid- to late-pregnancy might add approximately
20–30% to energy requirements and lactation might
approximately double energy requirements (National
Research Council 2007); although lactation frequently ceases
in hyperlipaemic subjects necessitating supplementation or
weaning of the foal. Protein requirements of sick equids are
similarly unknown although approximate supply of 1 g protein
per 100 kJ digestible energy (DE) (24 kcal DE) appears
reasonable (Durham 2005).

Enteral nutrition
It may be possible to manage a hyperlipaemic individual in
its home environment and rely upon enteral feeding if certain
criteria apply including modest increase in plasma
triglyceride (e.g. 6–10 mmol/l), some evidence of voluntary
appetite and absence of major secondary disease. For more
severe cases, a hospital environment with full intravenous
access and close monitoring provides the best chance of
recovery (Fig 3). There are a small number of subjects that
may cope with some limited intravenous fluid support at their
own home depending on owner commitment and facilities.
In some cases, a judicious mix of enteral and parenteral
nutrition (see below) may give the best outcome. The subject
should stay with any companions to limit anxiety and
encourage appetite.

Anecdotal experiences indicate that in animals with some
appetite and without serious concurrent disease, triglyceride
concentrations may be normalised by temporary additions of
‘treats’ to stimulate some appetite such as apples and
carrots (grated if necessary), peppermint cordial, ginger
biscuits or mints. The opportunity to graze, pick at hedgerows
or have buckets of grass brought to a stable will often
encourage voluntary appetite. Clearly enteral feeding is to
be avoided in the presence of ileus, gastric reflux or signs of
colic. Flavourings may be used to stimulate appetite and diet
acceptance, although, unsurprisingly, many investigations of
dietary preferences in horses show significant interindividual
variability (Murphy et al. 1999) suggesting that a degree of
trial and error is important when tempting inappetent
individuals to eat. Recently, an elaborate study of 15 different
flavour preferences by 8 horses revealed fenugreek and
banana flavouring to rank most highly followed by cherry,
rosemary, cumin, carrot, peppermint and oregano (Goodwin
et al. 2005). The least preferred flavourings in that study
appeared to comprise echinacea, coriander, nutmeg,
ginger, garlic, turmeric and apple.

TABLE 2: Indicative digestible energy (DE) targets for
nonpregnant, nonlactating hyperlipaemic subjects. Effective
control of hyperlipaemia is likely to require between 60 to 100 kJ/
kg DE daily. Daily DE intake that maintains body condition in
healthy sedentary equidae approximates 127 kJ/kg and should
be more than adequate for prevention of hyperlipaemia (Durham
et al. 2004; Durham 2006; NRC 2007)

Bodyweight (kg)

Total daily energy requirements (MJ DE) at
the following rates

Treatment
Prevention

60 kJ/kg 100 kJ/kg 127 kJ/kg

150 9 15 19
200 12 20 25
250 18 25 32
300 24 30 38
350 27 35 44
400 36 40 51

Fig 3: Hospitalised hyperlipaemic donkey with intravenous fluids
and variety of feeds available.
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In individuals with mild hyperlipaemia it may be sufficient
to support appetite with oral dosing or in-feed
supplementation with glucose at 1–2 g/kg bwt 2 or 3 times
daily. Other authors recommend use of high fructose corn
syrup (12 ml/100 kg bwt every 2 h), or use of glucose and
galactose on alternate days (Watson 1994; Hammond 2004;
Johnson 2014). In the absence of evidence-based studies to
support these various methods practitioners should aim to
rapidly restore some energy intake alongside fluids and
balanced electrolytes by the least stressful method: in-feed,
oral syringe or nasogastric tubing. In a few cases the supply
of glucose seems to stimulate a marked improvement in
attitude and appetite, but in most cases this is suitable only
as a short-term measure while a more suitable enteral feed is
sourced.

Commercial human enteral diets are available but may
not be easily accessible in an emergency and tend to be
high in lipid and low in fibre and are generally not
appropriate for hyperlipaemic equids (Stratton-Phelps 2008).
An ideal enteral feed probably does not exist as it requires a
good balance of energy, protein, fibre, minerals and vitamins
that will pass readily through a stomach tube suitable for
small equids. An appropriate pelleted high-fibre equine feed
or oat breakfast cereal (Readybrek, 1.5 MJ/100 g) can be
soaked and blended with warm water, electrolytes (e.g. 1 g
KCl/l) and glucose and fit through a small bore nasogastric
tube. Such a diet may benefit from the addition of pre- and
probiotics (Medina et al. 2002; Respondek et al. 2008).
Estimated energy requirements of subjects should be
calculated (Table 1) and the diet fed 2 or 3 times daily mixed
with a suitable volume of water (aim for 5% bodyweight daily
as water intake). The benefit of this approach vs. the stress
and trauma of repeat stomach tubing should be considered,
and it may be possible to leave an indwelling stomach tube
in for short periods. Ideally enteral feeding should be built up
over a few days to the full quantity required to create a
gradual dietary adjustment, which in hyperlipaemic subjects
means that additional glucose may need to be given orally
or parenterally. In practice, if a case is going to require tube
feeding for >48 h, it would be sensible to consider parenteral
nutrition.

Parenteral nutrition
Given some of the practical difficulties with administering
enteral nutrition to anorexic individuals whilst minimising stress,
administration of parenteral nutrition has become an
attractive option. However, this should not be thought of as
an alternative route of providing nutrition, but rather an
additional supplementary route so that a substantial and
effective caloric intake can be guaranteed. Continued
encouragement to consume enteral feeds is both
advantageous to gastrointestinal physiology and gives an
excellent indication of clinical progress (Case et al. 2000).
Initiation of reasonable voluntary appetite signals resolution of
hyperlipaemia.

Although provision of parenteral nutrition is more costly
than most enteral options, expense is limited by the usually
relatively small size of hyperlipaemic subjects and the fact
that lipid-free parenteral nutrition solutions are used. Lipid-free
parenteral nutrition solution adequate for 24 h treatment of a
250 kg pony or donkey should currently cost no more than
about £150 (not including catheters, giving sets etc.) and this
should be adequate for reversal of hyperlipaemia in the

majority of cases (Durham 2006). An equal mixture of 50%
glucose and 15% amino acid (e.g. Aminoven 25, Fresenius
Kabi) has been used frequently for this purpose and is given
intravenously at a rate of 0.5 ml/kg bwt/h. This solution
contains approximately 5.2 MJ/l (20.9 MCal/l) and plasma
triglyceride response is generally expected within 12 h
(Durham 2006). Failure to achieve a good response is usually
suggestive of serious underlying disease that has not been
addressed. Hyperglycaemia is commonplace in association
with administration and if persistently >10 mmol/l then the
infusion rate can be slowed or insulin therapy can be given
alongside (see later).

Aftercare

Following resolution of hyperlipaemia, general management
and dietary quality should be closely scrutinised (e.g. forage
analysis) and established to be acceptable before returning
to the previous lifestyle that was associated with onset of the
disease. Carers should monitor appetite very closely and a
preventative healthcare plan (parasite control, farriery,
dental care, vaccination etc.) organised, if not previously
considered adequate.

Specific pharmacological management of
hyperlipaemia cases

Insulin
There are clear theoretical benefits associated with insulin
therapy in hyperlipaemic subjects. Insulin stimulates lipogenesis
and VLDL uptake into adipocytes as well as antagonising
lipolysis and VLDL secretion (Fig 1). However, given the
markedly insulin resistant status of hyperlipaemic subjects such
therapy may be ineffective or even harmful with the
theoretical possibility of inducing laminitis at high infusion rates
(Asplin et al. 2007). Furthermore, there is a theoretical risk of
hypoglycaemia necessitating close monitoring and continual
glucose supply (enterally and/or parenterally) for insulin-
treated subjects, which is hard to manage outside a well-
resourced hospital. Neutral soluble insulin can be infused at
0.10 iu/kg bwt/h and increased in increments of 0.05 iu/kg
bwt/h every 2 h where glycaemia >10 mmol/l persists.
Alternatively protamine zinc insulin can be given by
intramuscular injection at 0.10–0.30 iu/kg bwt q. 12 h.

Heparin
Heparin is known to stimulate lipoprotein lipase activity in
plasma (Tornvall et al. 1995), which might aid clearance of
excessive VLDL and this has been used in hyperlipaemia
cases at 40–250 iu/kg bwt q. 12 h. Heparin therapy might be
applied most logically in the presence of inflammatory
disease in which cytokines such as TNF-a and granulocyte-
macrophage colony stimulating factor might be inhibiting
lipoprotein lipase. Possible risks of coagulopathy should be
monitored.

Nicotinic acid (niacin, vitamin B3)
Nicotinic acid has been found to decrease lipolysis and VLDL
synthesis in other species (Kamanna et al. 2013) and has
been suggested as a useful adjunct in hyperlipaemic equids
(Watson et al. 1992a) although clinical use has not been
published. In human medicine, doses of 10–20 mg/kg bwt q.
8–12 h are typically used.
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Alpha-2-adrenergic agonists
Alpha-2 adrenoceptor agonists have been shown to be
potent inhibitors of lipolysis (Carroll et al. 1997; van Dijk et al.
2003), although they have not been reported as specific
treatments for hyperlipaemic cases. It is possible that
intermittent administration or infusion might be applied
usefully as part of therapy or, at the very least, the clinician
should not be too concerned about using these sedatives
when sedation is thought to be useful during the investigation
for possible underlying diseases.

Conclusions

Hyperlipaemia is a serious and predictable condition
associated with reduced energy intake and exaggerated
and disordered endogenous lipid transport in ponies and
donkeys. Nutritional supply is central to aetiology, prevention
and treatment of the condition and success can often be
achieved by combining restoration of significant enteral and/
or parenteral energy supply in conjunction with successfully
addressing any underlying disease process where present.
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The fundamentals of a profession
At the start we are faced with a perplexing paradox. All of
society and the profession itself have an interest in the
wellbeing of the veterinary profession for the quality of our
food, the disease status of this country and dealing with serious
outbreaks of disease, as well as the health and welfare of our
own livestock and the companion animals with which we
share our lives. However, we should be under no illusions. It is
highly unlikely that the veterinary profession would be created
in its current form if it did not already exist. In our modern
market economy, it has been pointed out that ‘the
acceptance of the authority of professional knowledge is a
hard won cultural and political achievement and one that is
threatened in contemporary society’ (Edgar 2011). Yet, the
founders of our profession and their successors progressively
accrued privileges to the veterinary profession and latterly the
veterinary nursing profession, based on the public good that
we offered and that we continue to offer.

Fundamental to the arguments from the start have been
the 6 key elements that together make a profession stand out
from other lines of work (Thistlethwaite and Spencer 2008).
These are: the presence of a skill based on specialist
knowledge, the provision of specific education and training,
the assessment of competence before entry to a profession, a
register of members, adherence to a code of conduct and,
last but not least, the provision of a service for which the
veterinary surgeon and veterinary nurse has a right to be paid
but which is not focused on financial reward nor, in particular,
on extracting the maximum fee possible from the client. As for
medicine, arguments based solely on technical expertise are
weak when it comes to any defence of our privileged
monopoly on animal care (Sullivan 2000). However, a broader
focus on our services to and protection of the public and their
animals has been recognised in achieving the recognition and
reputation that the profession has earned and we must all
understand and be capable of arguing this if our profession is
not just to survive but thrive as we move forward. A central
feature of this is all veterinarians being competent and
up-to-date in their chosen area of activity and fundamental to
this is our initial clinical education and our continuing
professional development (Anon 2014).

Educational expertise
One of the problems with education is that we all think we are
experts and in many ways we are. However, often our
‘expertise’ is heavily biased by our own experience. We have
often rationalised after the event and we can easily mislead
ourselves into drawing outrageous conclusions about

education with no sound evidence base, a process that we
would be ashamed to use if we were working on a clinical
problem. We are also easily seduced by popular myths
promoted through the media (see Table 1). Therefore,
recognising the importance of the quality of veterinary
education for us all and the requirement for an
evidence-based approach, we need to establish valid criteria
for judging what constitutes good educational design for
taught programmes and what constitutes effective and
efficient teaching. However, in order to create these criteria
we also need to understand what is required of the modern
veterinarian and how we learn as human beings. What do the
public and our clients expect? What do we, as veterinarians,
think we should be providing and what about the nature of the
learning process can be used to help achieve these goals?

Requirements of the veterinarian
The legitimacy of the veterinary profession depends on a
balance between a societal need – a public good – and
a service that is met by our profession and its members. This is
a ‘social contract’ in the Hobbesian sense (May 2013a), where
we collectively give up some of our freedoms to have anyone
treat animals and in particular if you are not a vet, to treat
them yourself, for the guarantee that we can have a quality
service from those whom we give the powers to treat.
However, this is not a static relationship; it is dynamic, with
society’s needs and expectations changing as it evolves and
our knowledge and skill increase and it is important for the
profession to adapt in response to this (Enticott et al. 2011). At
the outset of the veterinary profession 250 years ago, our
founders were exercised by the quality of care they received
for their horses (Mitsuda 2007). Various gentlemen who started
to collect and publish what was known about the diagnosis
and treatment of diseases in the horse recognised a huge
variation between the farriers of the time which included those
who tried to apply the most up-to-date knowledge and
empirically improve on their approaches based on response to
treatment and those who were charlatans engaged in
quackery (e.g. Smith 1917). Progress was individual where it
occurred and not easily communicated so those who
founded the first veterinary schools were keen that up-to-date
knowledge should be learned and used by graduates of early
courses to assure a common standard of care for their horses.
There were debates from time to time about student selection
and who made the best candidates to receive veterinary
education (e.g. Veritas 1828) but essentially for the first 200
years of the profession, education was about the transmission
of the most up-to-date knowledge of veterinary science and

489

© 2015 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / SEPTEMBER 2015

mailto:smay@rvc.ac.uk


medicine and its sale to clients keen to receive the latest
treatments for their animals’ ailments.

The focus on the professional as the repository of
specialised knowledge changed dramatically in the 1990s
with the development of the internet and dramatic change in
knowledge availability (Tan 2000). For over a millennium,
university libraries had been the repositories of knowledge and
universities the disseminators, with their graduates selling
knowledge as a commodity. With the internet, knowledge was
accessible by all with increasing ease, so the professional role
has increasingly shifted to us acting as guides to a better
educated and knowledgeable public wanting help in
discriminating between the good material and the quackery.
We, who were once mini-repositories for remembering and
accessing ‘the truth’ for dissemination, now much more play
the roles of judges – the arbiters of the quality of the many
different approaches that are advocated. In IT and software
development, a ‘killer application’ is one that beats all its
competition and judgement has been described as the killer
application of the human brain (Tulgan 2001). Computers can
store more information and undertake mathematical
calculations more rapidly than our brains but uniquely we can
assemble pieces of information from a current case, our past
experience, our reading and our discussions with colleagues
and reach decisions based on sound judgements in the
interests of our clients (Proctor et al. 2011).

Clinical reasoning

Central to our capacity to make sound judgements is clinical
reasoning. It is core to everything we do; the multiplicity of
problems that we face on a daily basis, yet until recently it has
been poorly understood and not specifically taught. We have
assumed that it is a skill that our students pick up as
they go through their clinical programmes but horrifyingly
many have not (May 2013b). Clinical reasoning is not
classical hypothetico-deductive scientific reasoning. Scientific
reasoning starts with an hypothesis and works backward from
the solution to see if based on the solution predicted elements
are present. Clinical reasoning is an inductive process and
works forward from a problem to see if the elements that the
clinician identifies can be combined to obtain an answer.
From the signs of the disease, you work out the probability of
the cause. Scientific reasoning focuses on areas that can be
researched with current research methods. Clinical reasoning
deals with problems as they present, which as we know may
be atypical presentations or in some cases new diseases for
which there may not be tests or if there are these may be
uneconomical for us to use. A source of confusion over what
constitutes good clinical reasoning has been an association
between ‘pattern recognition’ and forward reasoning and
analytical approaches and backward reasoning (May 2013b).
It is important that all clinicians are analytical when they need
to be, particularly when faced with difficult and important
decisions. Therefore, a better distinction is between pattern
recognition and analytical reasoning which can either use
forward reasoning when we are in clinical mode or backward
reasoning on occasions when we are conducting a scientific
study.

The logical approach to clinical reasoning involves a
systematic move from the observations to the cause, at the
same time as controlling the amount of information with which
the clinician has to deal, through ‘clustering’ of related signs.
The ability to understand the meaning of clinical signs, to
cluster related signs into mental representations and link these
to systems and the associated pathology is the hallmark of
the successful clinician. In contrast, those with diagnostic
difficulties, both students and qualified doctors, were stuck
with the details, the facts of the case and struggled to relate
these (Auclair 2007; Bordage 2007). Crucially, this type of
forward analysis leads to the development of so-called illness
scripts (Schmidt et al. 1990; Custers 2014) which we then use for
future pattern recognition and comparisons, in contrast to
scientific reasoning that does not (Sweller 1988). Pattern
recognition is our memory of a problem already solved
(Croskerry and Norman 2008). It is accurate and gets us
through our busy work days but there is just one problem.
When we see a pattern that we think fits, we tend not to check
because we are ‘cognitive misers’ (Stanovich 2009). We like to
achieve solutions with the least effort, so once we think we
have the solution we stop.

This problem with applying patterns where they do not
completely fit also exercised the Scottish physician Sir Arthur
Conan-Doyle and he built it into his famous character Sherlock
Holmes. One example is the dog that did not bark, in the short
story Silver Blaze. The authorities think they have solved the
case but ‘the curious incident of the dog in the night time’
meant that for Sherlock Holmes the pieces did not fit. As ‘the
dog did nothing in the night time’, the case must have been
an inside job, by someone that the dog knew; the man the

TABLE 1: Popular myths in teaching and learning (Norman 2014)

Myth 1

‘Individual students have different approaches to learning. An
effective teacher must take individual learning styles into
account’.

Educational research evidence fragmentary and unconvincing,
and in some cases completely contradicts this concept
(Coffield et al. 2004; Pashler et al. 2008).

Myth 2

‘Modern students are highly effective multi-taskers.’ It has been
said that ‘children growing up might have an associative
genius that we don’t’.

Multitasking leads to a fall in IQ, stress and long-term health
problems, and even a reduced ability to use the various
pieces of information we learn in the process of multitasking
(Rosen 2008).

Myth 3

‘E-learning has clear and consistent advantages over alternative
approaches. Today’s students learn better in a virtual
environment’.

All teaching produces learning and online learning is not better
than traditional methods (Cook et al. 2008). The one area
where it may outperform is through an increased efficiency for
the delivery of facts (Norman 2008).

Myth 4

‘Successful simulations must closely resemble the real world
(authenticity, high fidelity)’ to assure successful transfer to the
work situation.

High fidelity simulators are no better than low fidelity where they
have been compared in areas such as auscultation, critical
care or surgical skills (Norman et al. 2012).
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police had identified could not have been the culprit. That
should lead us to the conclusion that when we use expert
pattern recognition, which can be ‘more accurate than
novice first principles approaches’, we must be alert to ‘the
dog that did not bark’. We need to overcome our cognitive
miserliness and engage in first principles, analytical
approaches, in complicated problems (Coderre et al. 2003;
Norman 2009). We know that, even for students, this type of
‘combined reasoning’, used to ‘triangulate’ our first impression
based on the pattern, is more accurate than the use of one or
the other reasoning method by itself (Ark et al. 2006, 2007).

The nature of learning
Having recognised the requirement for the modern,
consummate professional to be adept at reasoning and
decision-making, alongside their technical and nontechnical
skills, we need to consider the type of learning that can best
achieve this. For students to really understand and practically
apply what they are being taught, it is important to actively
engage them in thinking about their subject and this can
happen if there is space in a curriculum for active learning,
with students working individually in their own time and in
groups on solving problems and taking appropriate actions
(Biggs 1999; Prince 2004). However, the enemy to all this is
content and in particular content overload (Parsell and Bligh
1995; Ramsden 2003). In 2013 it was estimated that there were
672 Exabytes of information on the internet, equivalent to
more than 12 million times the information in all the books that
have ever been written. It was possible in the 17th and 18th
centuries for men like Athanasius Kirchner (Findlen 2004) and
Thomas Young (Robinson 2006) to be described as men ‘who
knew everything’. But there is no way that a human being can
achieve anything like this in the modern era. We are saturated
with information from all directions so that if we are not careful,
we are so overloaded that our ability to make sound
judgements is compromised (Naish 2009). More information is
not always better. We struggle with multiple alternatives,
whether it is a decision over the purchase of a car (Rey et al.
2009) or a decision about the initiation of treatment before
referral (Redelmeier and Shafir 1995). You need enough
information about a problem to be able to come to the best
answer (Norman 2009). However, too much information, far
from improving your answer, is more likely to lead to ‘paralysis
by analysis’ (Gladwell 2006; Croskerry et al. 2014). Too much
information also means that we give up on understanding
what we are hearing or reading and struggle just to remember
it (Perkins 1995; Ruohoniemi and Lindblom-Ylanne 2009), so
even our most interested and motivated students can be
crushed into submission and resort to rote learning for
examinations, if they can succeed through this route.

Criteria for good educational design and
effective teaching
Greater understanding of the process of learning means that a
fundamental principle of veterinary course design must be
that we go way beyond a narrow focus on content. In the
past, this was decided by individual teachers (‘the experts’) or
departments who filled ‘lecture slots’ on a ‘just-in-case’ basis!
A student might one day need to know about a virus that only
affects one species of zebras. The main planning issue for those
who once engaged in this type of curriculum design was how
to fit more in (Halliwell 2006). It is essential that room is made for

thinking time and space for the development of nontechnical
skills, such as reasoning and communication, and technical
skills that are so essential for the modern graduate (Nelson
1999). A key preliminary stage for medical and veterinary
schools was to move to a culture where the curriculum was
owned and a much more restricted core of knowledge
agreed, by representatives of the whole school, so that a skills
development orientation could be taken and the whole
programme managed in a coordinated and integrated way
(Harden 2000). This was important for 4 key reasons: firstly,
because we all know that there is very little time for learning at
first degree level and subsequently in our careers. Secondly,
because the content focus tended to lead to the very
mistaken view that teaching is equivalent to learning; only a
fraction of what is taught in a traditional curriculum is learned
and remembered (Nelson 1999; Custers 2010). Thirdly, because
this content and teaching focus tended to lead to assessment
as an afterthought, making it often inappropriate for the
required skills and driving students to libraries and rote
memorisation to the exclusion of all the practical skills that we
want them to master (Heath 2006). Fourthly, because leaving
decisions up to experts reveals 2 blind spots in their thinking.
The first relates to the difficulty that an expert has deciding
what is appropriate for an undergraduate curriculum and the
way they confuse day one with more advanced knowledge
and skills (Welsh et al. 2009) and the second expert blindness is
that although eventually most content focused teachers can
be persuaded that we teach too much, their thinking is
sometimes not consistent. At a workshop linked to the
development of the RVC 2007 curriculum, academic staff
were asked 2 questions: whether overall we taught too much
and whether they themselves taught too much. Helpfully, 76%
of those present thought we taught too much, but only 38%
agreed that they taught too much. This expert focus on detail,
together with their confusion over skills levels, means that
no-one can have a veto on decisions in their own area.

Outcomes based curricula
The essential place to start to discuss and agree content for a
modern curriculum and appropriate modes of its delivery is not
by thinking about inputs but rather thinking about what comes
out, by defining learning outcomes – the skills that we expect
a student to achieve on graduation, including so-called Day 1
skills, and map classes to these. Crucially, this requires input
from all quarters: generalists, specialists, recent graduates and
animal interest groups to ensure an appropriate balance. Even
feedback from recent graduates is quickly affected by their
practice destinations, with those in small animal practice
forming the view that the old RVC curriculum devoted too
much time to equine practice and not enough to small
animals and those in equine practice the view that too little
time was spent on equine matters and that there was no need
for more small animal teaching (Kinnison and May 2013).

In addition, a powerful way of driving appropriate student
activity and learning for the good is to ensure we employ valid
and reliable assessments linked to our learning outcomes.
There is a truth in the aphorism ‘they do not respect what
you expect, they respect what you inspect’, which is
demonstrated in the way in which assessment drives student
learning (van Mook et al. 2009). As we have seen in previous
generations, veterinary educators focused on content and
assessments were almost an afterthought based on written
and traditional examinations that had poor validity for
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reasoning and practical skills and in the case of orals
in particular, very poor reliability (Wakeford et al. 1995).
Therefore, the modern curriculum needs to be designed
backwards. Collectively, society and we in particular, need to
define the important learning outcomes, core and elective in
different species, choose valid and reliable assessments for
each outcome and design active learning experiences that
support students in achieving these outcomes (Taylor 2009).

Vertical and horizontal integration
Once the content has been defined around the skills required,
a big question then is how it is organised. Traditionally, in the
so-called Flexnerian curriculum with its preclinical/clinical
divide (Parsell and Bligh 1995), the ‘ologies’ dominated the
early years, looking at, for instance, an infective organism and
its consequences rather than a clinical disease and its causes.
This led to a ‘pivot point’ in the middle of the course where
instead of learning that, say, Salmonella made an animal sick
and caused enteritis, students had to be able to view an
animal with enteritis and work forwards to a cause. For many
students this was a huge challenge, literally turning their
knowledge and notes around to approach everything from
the opposite direction. Students were further challenged by
the need for them to integrate anatomy, physiology,
biochemistry, pathology and pharmacology.

A typical modern programme picks up on this and either
through problem-based learning or more traditional
approaches establishes major themes around the individual
and groups of animals that are revisited on a spiral basis
(Harden 1999). Traditional disciplines are integrated horizontally
on a systems basis and, through vertical integration, science is
placed in a clinical context to help students build mental
frameworks that carry right through from first to final year. In
parallel, the curriculum develops and distinguishes between
scientific, clinical and ethical reasoning skills, supported by
appropriate learning skills where these are necessary. At an
early stage, leadership and teamworking skills are introduced
to support interprofessionalism and underpin later business
content. Last, but not least, communication is developed from
basic to advanced levels (Radford et al. 2003, 2006).

Classroom to clinic bridges
Increasingly, with the development of busier clinics filled with
complex technologies, the clinical environment has become
potentially challenging and intimidating for many students
(Baillie et al. 2010). The transition directly from the theory of the
classroom to the practice of the clinic, with the outdated
notion that students should immediately be able to apply what
they had learned, had become stressful, an enormous
challenge for many and so more and more students failed to
take advantage of the multiple opportunities for learning
offered by authentic cases and case material. Modern
curriculum design has allowed educators to provide classroom
to clinic bridges in the form of clinical skills classes, using models
and simulations, for technical skills such as rectal examination
for colic diagnosis (Baillie and Rendle 2008) and observation
and technical skills in lameness diagnosis (Starke et al., in
preparation) and case-based reasoning classes to develop a
logical approach to clinical problem solving (May 2013b).

With the recognition of the importance of bridging classes,
the modern integrated curriculum has allowed, for the first
time, a much more structured approach to sequential skills

development. Over hundreds of years in music and similarly in
other areas such as sport, systems were developed to take the
novice, such as a violin player, from a fumbling student to an
accomplished solo performer (Ericsson 2009). Working back
from learning outcomes involving whole cases, as curriculum
designers we can take a reductionist approach to the level of
a core procedure and the individual techniques that
contribute to that procedure. We can then teach from the
techniques in the clinical skills laboratory, through the
procedure back to the full case management across the years
of the integrated curriculum (May and Head 2010).

As well as technical skills, this works well in the crucial area
of communication (Latham and Morris 2007). None of us any
longer expects a professional adviser to tell us what they are
going to do or what we should do with the expectation that
we will take that on trust. We want to understand their
judgements and advice and consent to any actions in an
informed way. This means that our communication skills, which
experienced practitioners have always recognised are one of
the main ways in which our clients judge us as veterinarians,
are of even more crucial importance than they were in the
past. We need to be able to speak the language of medicine
to colleagues and clients from the health professions, the
language of science to many of our well educated clientele
and simpler forms of language to children about their small
pets and adults with special needs about their animals.
Veterinarians and veterinary nurses need to judge the level
and check that their communications are intelligible to the
client; they need to recognise that certain contexts, such as
high stakes encounters involving the breaking of bad news,
can mean that nothing is taken in by a client; they need to
understand that if an owner does not understand why a
course of action has been chosen, that person is much less
likely to give the treatment, particularly if it is difficult to
administer.

John Hickman was responsible for the only explicit
teaching on this that I remember receiving in my veterinary
programme. He told us in a lecture on lameness: “If it looks
complicated, do not rush in and imply to an owner that you
can cure their animal. If you fail they will judge you a failure. Tell
them that it is ‘a cripple’ and that you might be able to help.
Then if you fail, well, it was ‘a cripple’, but if you succeed, they
will consider you a remarkable person”!

Professional responsibility
So far, we have focused on direct reasoning about problems
and taking action. However, more and more, with increasing
varieties of options for treatment, from gold standard through
silver to bronze, there is a division between what technically
can be done, what economically may be achievable and
what should be done. The resolution of this requires skills of
synthesis of competing priorities and metacognitive skills – the
ability to think about your thinking, and whether your
conclusions are reasonable in all the circumstances – and also
the ability to recognise our own limitations and if we can not
handle a particular case who is best able to deal with it on
behalf of our client.

A clinical case may not respond and may even die despite
treatment for all sorts of reasons. Yet some graduates believe
that they should have known all the answers, and if a case
goes badly, it is somehow a failure on their part. If, after 4, 5 or
6 years of education, our students still see all problems as black
and white and if an animal dies or if a client decides against
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the gold standard treatment they advise, they have failed,
then their teachers have done them a large disservice. In
particular, they will struggle to negotiate their early years in
practice and may ultimately leave the profession or take it out
on themselves in terrible ways. In so many areas it is easy to fall
into the trap of judging the quality of a decision by the
outcome. If this is poor, we assume the decision must have
been at fault. Therefore, alongside their veterinary care
knowledge and technical and nontechnical skills, one aspect
of professional education in the modern curriculum must be
about the reasonable expectations our clients can have of us,
our colleagues can have of us and we can have of ourselves,
in terms of how good is ‘good enough’ when it comes to our
practice and how many hours we need to devote to our
professional lives in the day. Once more, we know that older
curricula missed this, with a terrible cost to some. There is a
balance that must be achieved in terms of altruism and
service.

The learning environment and the teacher
Although for veterinary schools and universities in general the
teacher is frequently the last piece of the jigsaw to be
considered in the complex, modern learning environment, the
teacher, their training and their understanding of their role,
should really be the first. Here we have another paradox that
despite the most important factor in what the student learns
being what they do, consistently the individual teacher comes
out as the most important source of variance in student
achievement (Rowe 2002). The teacher is key to ensuring
effective and efficient educational delivery and yet we know
that teachers can drive poor learning practices. The reason for
this is that the best laid plans can be undermined sometimes
deliberately but often unknowingly by those tasked with their
delivery. This has come to be known as the hidden curriculum
(Hafferty and Franks 1994; Whitcomb 2014). We can have our
intended outcomes for the consummate professional that we
have discussed, and we can create our intended curriculum.
However, we then depend on its correct interpretation and
delivery by the teacher, in an environment that is conducive to
the type of learning that we want and its appropriate receipt
by our engaged student. If this goes wrong the received
curriculum is not what was originally conceived and our
intended outcomes are replaced by unintended outcomes.
For instance, despite research demonstrating that a combined
reasoning approach is best for students, some clinicians told
RVC students that pattern recognition was dangerous and
only experts should use it. Sadly, as a consequence, finding
themselves using it automatically, which we all do, some
students were in denial and desperately trying to teach
themselves not to do it (Tomlin et al. 2008).

So, as a synthesis of over 800 meta-analyses has shown
(Hattie 2009), it is important that we impress upon teachers that
it is the way in which the teacher supports effective learning
through problem solving teaching, the sequencing and
deliberate practice of the well designed curriculum, as well as
feedback and formative evaluation and the encouragement
of students to reflect and think about their own learning that
leads to the best outcomes. Teaching is the most demanding
of all the roles of the academic. It requires a form of dual
processing that means as well as being focussed on the task
we need to be paying attention to student performance and
the characteristics of the student as a learner. This allows the
teacher to decide on the appropriate way of instructing a

particular learner and also when they should intervene (Wood
et al. 1976; Dolmans et al. 2005).

Teachers who are student focused and keen to impart
concepts and develop their students thinking will have an
impact on those who are prone to memorisation and reduce
their tendency to this superficial approach. In contrast,
teachers focused on teaching and information transmission
will negatively impact deep learning for understanding and
drive students to memorisation whatever the structure of the
curriculum (Trigwell et al. 1999). This student-centred
approach, fostering deep learning for understanding as
opposed to memorisation of facts, which has also been called
a preference for complexity, is important not only for the
quality of veterinary graduates but also their continued
engagement in learning (Dale et al. 2010). We all expect and
want to be confident that the doctors teaching us are
up-to-date and similarly our clients expect veterinary
professionals to be equally up-to-date in areas where they
require expertise. The preference for complexity, or learning for
understanding, carries forward into later life with those who are
intrigued by problems and enjoy discovering new information
being more motivated to undertake CPD and perceiving
fewer barriers to their participation. So, at the start, our
curricula and those who deliver these sow the seeds for a
lifetime of professional engagement that will help determine
how well each individual fulfils their responsibility to, and
bargain with, society.

Teachers also need to recognise that as students develop
they start to really appreciate the value of feedback and its
central role in their learning. They see it as helping them to
know the standards that they must achieve and also their own
performance in relation to that standard and how they can
improve, and they are often frustrated that staff do not always
value it to the same extent and therefore frequently fail to
supply feedback in the form and with the frequency that
students need (J. Sands and S. May, unpublished data). Good
feedback is first and foremost about performance and ways
to improve but with inexperienced teachers it can easily
degenerate into compliments. A study on the simple task of
knot-tying revealed the relative ineffectiveness of just telling
someone how clever they are, in comparison to direct
feedback on their performance. However, compared to the
performance score, the satisfaction score was the opposite
way around – so your overall satisfaction with an educational
programme is not necessarily a good measure of how
beneficial it has been for you – a lesson for us all about
satisfaction surveys and so called ‘happy sheets’ for course
feedback (Boehler et al. 2006).

In an attempt to improve the quality of feedback given by
a group of clinicians in hospital wards, Connell et al. (1999)
identified different levels of teacher questioning and discussion
with students that seemed to correlate with different levels of
quality in the student responses and thinking. Training and
encouragement of clinical teachers to engage more with
students, to try to understand how they were thinking and the
uncertainties that they might have, stimulated more higher
order thinking by the students.

Conclusions
In this paper I have tried to take us on a journey together. We
have looked at the origins of the veterinary profession and the
social contract which underpins our legitimacy. In exchange
for our conscientious service to society, we have a privileged
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(though not uncontested) monopoly in the diagnosis and
treatment of animals. We have seen how information has
moved out of libraries, where it was largely the domain of
academics and the professionals that they trained, into
cyberspace so that it is now everywhere and much more
available to all. We have recognised the consequences of this
for professionals who two hundred years ago were employed
largely as sources of knowledge and now are employed much
more for their reasoning skills and ability to make sound
judgements. At the same time, I hope, we have recognised
that we cannot know everything and the negative effects of
too much information on learning. So we have considered the
migration away from filling student heads with information
just-in-case one day they might need it to equipping students
with the skills to source information on a just-in-time basis, when
it is needed (Williams 2007).

We then moved on to the imperative for much better
curricula to replace the old so that we can deliver in an
efficient and effective way, through integrated programmes
and sequencing and bridging skills development, the best
graduates possible. We considered as part of our education
and the developing professional identity of the veterinary
graduate the need for that person to recognise what can
reasonably be demanded of them and what they can
reasonably demand of themselves. Finally, as the last piece of
the jigsaw, we considered the vital place of training of our
teachers if all this is going to work and our students are going
to realise their full potential as the consummate professionals
that society demands and that we want to provide.

I hope that at least some of this will make you think of what
is best for your own learning and development as a
professional and longer term for the future education of our
profession. That way, both as individuals and as proud
members of the veterinary profession, we can ensure that we
provide the best possible advice to our clients and their
animals and secure a bright future for our profession,
remembering in the words of Alice Hamachek that
‘Consciously we teach what we know, unconsciously we
teach who we are’.
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What can I give to calm this stallion down?
C. D. Cooke
Equine Reproductive Services (UK) Ltd, Old Malton, UK.
Corresponding author email: cdcookevs@gmail.com

Introduction
The expression of overt sexual behaviour outside of a breeding
environment is often undesirable, particularly in competition
stallions. Clinicians are frequently asked to advise owners
on methods of moderating sexual behaviour. Treatments
most commonly used affect the hypothalamus–pituitary
gland–testicle pathway and include amongst others;
progestagens, gonadotropin-releasing hormone (GnRH)
immunisation, GnRH antagonist and GnRH agonist. Other
treatments are anecdotally used, e.g. depot progestagens,
tranquillisers (acepromazine, reserpine); however, either
side-effects or absence of efficacy studies makes their use
questionable or contraindicated (Memon et al. 1988). As such,
what are the options to suppress stallion behaviour in the
competing animal?

Search method
A literature search using PubMed, University of Liverpool
electronic library and IVIS was performed relating to studies for
the ‘control of stallion sexual behaviour’.

Quantity of evidence
Nine papers were selected relating to the question. There were
6 randomised controlled studies, 2 ‘one group pre test/post
test’ and one case study.

Quality of evidence
The following parameters were amongst those assessed by
the selected studies: total scrotal width (TSW), daily sperm
output (DSO), sperm morphology/concentration/quality,
hormone analysis (testosterone, luteinising hormone [LH],
follicle-stimulating hormone [FSH]) and libido. Progestagen use
was assessed by Miller et al. (1997), Brady et al. (1997) and
Squires et al. (1997) using groups randomly split into treated
and control groups with n = 8 (2 groups), 10 (2 groups) and 20
(4 groups, 3 dose regimes) respectively. GnRH immunisation
using both licensed (EquityTM Pfizer Animal Health, Australia)
(Janett et al. 2009 – 5 treated 3 controls) and unlicensed
(Malmgren et al. 2001 – 3 treated one control; Turkstra et al.
2005 – 4 × 2 treated 4 controls) vaccines was assessed. GnRH
antagonist effect was monitored pre/post treatment in 4
young stallions (Hinojosa et al. 2001) and GnRH agonist use
was assessed pre/post treatment in 3 mature stallions
(Montovan et al. 1990). Five stallions (11 controls) presenting for
other veterinary reasons but whom had unwanted stallion
behaviour received a GnRH agonist (Deslorelin: Suprelorin,
Virbac SA, Carross, France) and the behavioural response was
assessed by owner questionnaire (Falomo et al. 2013).

Clinical implications
Squires et al. (1997) used progestagens at 0.088 mg/kg bwt
s.i.d. per os for 150 or 240 days in stallions 3–18-years-old

resulting in a reduction in testosterone, libido, TSW, DSO,
deterioration of sperm quality and motility (240 days). The
effects were partially reversible with TSW/DSO increasing after
treatment but an effect on libido and sperm morphology
remained for >90 days. Brady et al. (1997) used 0.088 mg/kg
bwt s.i.d. per os dose for 57 days in stallions aged 2–4 years
showing prolonged suppression (>56 days post treatment) of
TSW, DSO, sperm morphology and libido. Miller et al. (1997)
using 0.044 mg/kg bwt s.i.d. per os for 30 days in stallions aged
>5 years showed no effect on DSO, sperm morphology or
sexual behaviour, but behaviour was suppressed from 30
to 60 days following treatment. Older stallions appear less
responsive to progestagens or require higher doses. As
consequences of long-term use in young stallions is unknown
and such use should be with caution especially at higher
doses.

GnRH vaccines induce antibodies that suppress LH, FSH
and testosterone levels. Janett et al. (2009) using EquityTM

(injections 0, 4, 12 weeks) showed titres increasing at 6–8 weeks
then declining at week 51 with suppression of testicular
function/sperm quality and sexual behaviour which lasted for
a minimum of 6 months up to more than 46 weeks; 2 stallions
remained reproductively suppressed beyond the study period.
Similar onset of action was noted by Malmgren et al. (2001)
and Turkstra et al. (2005). The vaccine was well tolerated
following intra-muscular injection (Turkstra et al. 2005; Janett
et al. 2009), however significant reactions have been reported
in unlicensed products. There is significant individual variation
in response to vaccination with Janett et al. (2009) reporting
one stallion showing a poor titre and negligible testosterone
suppression.

GnRH antagonists (e.g. Antarelix) suppressed
gonadotrophin and testosterone within 48 h with a return to
pretreatment levels at 2–4 weeks in 4 young pony stallions
(Hinojosa et al. 2001). Testicular degeneration and reduced
sperm concentration following treatment was noted; however,
it was unclear if the treatment caused this directly or if there
was a ‘bachelor group’ effect or indeed if these parameters
would improve overtime. Fortier et al. (2002) showed a decline
in testosterone but no libido reduction in older stallions
suggesting that learnt behaviour is a problem in this age
group.

Montovan et al. (1990) showed no change in sexual
behaviour or semen characteristics following attempted
down-regulation of GnRH receptors using a GnRH agonist at
an increasing dose over 30 days in 3 stallions (3, 9 and
10-years-old). In contrast, Falomo et al. (2013) used a deslorelin
controlled-release implant in stallions with owners reporting a
decrease in aggression in all treated animals (kicking out,
rearing, unruly behaviour, vocalisation) with 45% of owners
satisfied by the improvement; there was no assessment of
sperm characteristics but testosterone levels were decreased
up to 42 days. Further objective research relating to duration of
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Do I give altrenogest to prevent pregnancy failure?
S. A. Staempfli
The Arundel Equine Hospital Ltd, Arundel, UK.
Corresponding author email: simon.staempfli@arundelhorsevets.co.uk

Introduction
Progesterone and progestagens are imperative for equine
pregnancy maintenance and fetal development. During the
first trimester the equine pregnancy depends solely on ovarian
progesterone by the primary corpus luteum (CL) and
accessory corpora lutea. By 120 days the placenta is fully
established and takes over the progestagen production.
Ovarian progesterone is no longer required (Holtan et al. 1979)
and the placenta becomes the sole source of progestagens
until parturition.

In daily stud practice mares are often supplemented with
exogenous progestin (altrenogest, Regumate™) as a result of
suspicions of inadequate progesterone production or a
clinician’s frustration when facing mares that repeatedly fail to
conceive or carry a pregnancy to term (Canisso et al. 2013).
However, what is the clinical evidence for the use of
altrenogest to prevent pregnancy failure?

Data acquisition
PubMed was searched using multiple combinations of the
terms ‘altrenogest’, ‘progesterone’, ‘early embryonic death’
and ‘equine pregnancy’. Cross-referencing from studies
yielded additional references.

Pregnancy loss during early pregnancy
Although 60% of pregnancy losses in Thoroughbred mares
occur between 15 and 45 days after ovulation (Morris and
Allen 2002), early embryonic death due to progesterone
insufficiency is rare. Only one out of 17 cases (6%) of early
embryonic death could be attributed to low progesterone
(<4 ng/ml) in a retrospective study on 179 Standardbred mares
(Irvine et al. 1990). The literature search revealed 2 individual
case reports of luteal insufficiency which resulted in the birth of
a healthy foal: one case without adjunctive hormone therapy
(Newcombe 2000) and one case with supplementation of
altrenogest for the first 150 days of pregnancy (Canisso et al.
2013).

Although true luteal insufficiency is rarely diagnosed,
altrenogest can improve live foal rates in selected conditions:
In equine embryo transfer programmes use of altrenogest in
recipients increased donor–recipient synchrony (Parry-Weeks
and Holtan 1986) and improved recipient pregnancy rates
compared to untreated controls (Panzani et al. 2009). When
early pregnant mares (21–35 days post ovulation) were
exposed to Salmonella typhimurium endotoxin all mares
supplemented with altrenogest until Day 70 remained
pregnant, whereas 6 out of 7 mares aborted when altrenogest
therapy was discontinued on Day 50 (Daels et al. 1991). The
use of progestin supplementation and flunixin increased live
foal rates after manual twin reduction in 1493 Thoroughbred
mares in central Kentucky by 5% compared to untreated

controls (82% vs. 77% live foal rates) (Sheerin 2010). A recent
clinical study showed a positive effect of altrenogest
supplementation on embryonic growth rates between 35 and
45 days after ovulation in Warmblood mares older than 8 years
(Willmann et al. 2011). Additionally, altrenogest can be used to
salvage a pregnancy after inadvertent prostaglandin
injection, provided altrenogest administration is begun within
18 h after prostaglandin injection (Daels et al. 1996).

Pregnancy loss mid and late gestation
During mid and late gestation progestagens are produced
solely by the fetoplacental unit. In cases of placentitis
altrenogest is thought to counteract uterine contractility
induced by inflammation of the fetal membranes. In a
bacterial placentitis model a combination of trimethoprim
sulfamethoxazole, pentoxifylline and a double dose of
altrenogest (0.088 mg/kg bwt per os s.i.d.) was successful in
maintaining 10/12 (83%) pregnancies to term (Bailey et al.
2010), while 100% of untreated control mares aborted. When
mares were treated with trimpethoprim sulfamethoxazole and
pentoxifylline without altrenogest, only one live foal was born
(Graczyk et al. 2006).

When the same double dose of altrenogest was given to
healthy pony mares during late gestation, stage II of labour was
prolonged, and the newborn foals showed a transient
decrease in respiratory rate and revealed a higher plasma pH
compared to foals born to untreated mares (Neuhauser et al.
2008). In this study altrenogest treatment did not prevent
parturition, and altrenogest treated mares had a tendency to
foal earlier than the untreated controls (Neuhauser et al. 2008).
In a second study foals born to altrenogest-treated healthy
mares showed a reduced neutrophil/lymphocyte ratio, which
the authors attributed either to immunomodulatory effects of
altrenogest or dysmaturity of the foals (Neuhauser et al. 2009).

Conclusions
Luteal insufficiency as a cause of early embryonic death in the
mare is rare, and the widespread use of altrenogest in mares
that fail to conceive or carry a pregnancy to term is not
evidence based. However, in selected cases (aged mares,
after endotoxaemia, iatrogenic luteolysis, embryo transfer,
and twin reduction, or during placentitis) the use of altrenogest
has a positive effect on live foal rates compared to untreated
controls.

Author’s declaration of interests
No conflicts of interests have been declared.

Acknowledgement
The author would like to thank Dr Sara Lyle for her help with the
preparation of the manuscript.

498

© 2015 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / SEPTEMBER 2015

mailto:simon.staempfli@arundelhorsevets.co.uk


References
Bailey, C.S., Macpherson, M.L., Pozor, M.A., Troedsson, M.H.T., Benson, S.,

Giguère, S., Sanchez, L.C., LeBlanc, M.M. and Vickroy, T.W. (2010)
Treatment efficacy of trimethoprim sulfamethoxazole, pentoxifylline
and altrenogest in experimentally induced equine placentitis.
Theriogenology 74, 402-412.

Canisso, I.F., Beltaire, K.A. and Bedford-Guaus, S.J. (2013) Premature
luteal regression in a pregnant mare and subsequent pregnancy
maintenance with the use of oral altrenogest. Equine Vet. J. 45,
97-100.

Daels, P.F., Besognet, B., Hansen, B., Mohammed, H., Odensvik, K. and
Kindahl, H. (1996) Effect of progesterone on prostaglandin F2 alpha
secretion and outcome of pregnancy during cloprostenol-induced
abortion in mares. Am. J. Vet. Res. 57, 1331-1337.

Daels, P.F., Stabenfeldt, G.H., Hughes, J.P., Odensvik, K. and Kindahl, H.
(1991) Evaluation of progesterone deficiency as a cause of fetal
death in mares with experimentally induced endotoxemia. Am. J.
Vet. Res. 52, 282-288.

Graczyk, J., Macpherson, M.L., Pozor, M.A., Troedsson, M.H.T.,
Eichelberger, A.C., LeBlanc, M.M. and Vickroy, T.W. (2006) Treatment
efficacy of trimethoprim sulfamethoxazole and pentoxifylline in
equine placentitis. Anim. Reprod. Sci. 94, 434-435.

Holtan, D.W., Squires, E.L., Lapin, D.R. and Ginther, O.J. (1979) Effect of
ovariectomy on pregnancy in mares. J. Reprod. Fertil. Suppl. 27,
457-463.

Irvine, C.H.G., Sutton, P., Turner, J.E. and Mennick, P.E. (1990) Changes in
plasma progesterone concentrations from Days 17 to 42 of
gestation in mares maintaining or losing pregnancy. Equine Vet. J.
22, 104-106.

Morris, L.H.A. and Allen, W.R. (2002) Reproductive efficiency of
intensively managed Thoroughbred mares in Newmarket. Equine
Vet. J. 34, 51-60.

Neuhauser, S., Palm, F., Ambuehl, F. and Aurich, C. (2008) Effects of
altrenogest treatment of mares in late pregnancy on parturition and
on neonatal viability of their foals. Exp. Clin. Endocrinol. Diabetes
116, 423-428.

Neuhauser, S., Palm, F., Ambuehl, F., Möstl, E., Schwendenwein, I. and
Aurich, C. (2009) Effect of altrenogest-treatment of mares in late
gestation on adrenocortical function, blood count and plasma
electrolytes in their foals. Equine Vet. J. 41, 572-577.

Newcombe, J.R. (2000) Spontaneous oestrous behaviour during
pregnancy associated with luteal regression, ovulation and birth of
a live foal in a part Thoroughbred mare. Equine Vet. Educ. 12, 85-87.

Panzani, D., Crisci, A., Rota, A. and Camillo, F. (2009) Effect of day of
transfer and treatment administration on the recipient on
pregnancy rates after equine embryo transfer. Vet. Res. Commun.
33, Suppl. 1, 113-116.

Parry-Weeks, L.C. and Holtan, D.W. (1986) Effect of altrenogest on
pregnancy maintenance in unsynchronized equine embryo
recipients. J. Reprod. Fertil. Suppl. 35, 433-438.

Sheerin, P.C. (2010) Manual reduction of twins in the mare: effect of
operator, mare age, and treatment. Proc. Am. Ass. Equine Practnrs.
56, 322.

Willmann, C., Schuler, G., Hoffmann, B. and Parvizi, N. (2011) Effects of
age and altrenogest treatment on conceptus development and
secretion of LH, progesterone and eCG in early-pregnant mares.
Theriogenology 75, 421-428.

S. A. Staempfli 499

© 2015 EVJ Ltd

action and effect on semen would be needed to give
confidence that this is a viable treatment option.

Conclusion
There are a number of medications available for use in the
competition stallion but regulations regarding food-producing
animals and competition drug withdrawal/notification must
be appreciated. There is insufficient evidence to conclude
which medication is most suitable in the competing stallions,
and there remains a need for further research into the use of
these medications particularly in the younger animal with
reference to long-term effects on sperm morphology/quality.
The ease of treatment, and a single treatment vs. daily
administration makes the GnRH influencing drugs attractive,
however more research is necessary to provide more
assurance that the suppression of fertility is fully reversible. In
conclusion, each case needs to be assessed on an individual
basis in full discussion with owners in light of both competition
and future breeding requirements. A combination between
experienced stallion handling and judicious use of medication,
appreciating the potential side-effects, is likely to provide the
best method of attenuating unwanted stallion behaviour.
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