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Equine Disease Communication Center needed now more than ever

The need for a national equine disease communications 
system during disease outbreaks became apparent in April 
2011 when horses at a large cutting horse show in Ogden, 
Utah, developed equine herpes myeloencephalitis (EHM). 
Despite efforts by veterinarians and state animal health 
officials (SAHOs) to contain the outbreak, horses left the 
show grounds without 
owners’ knowledge of 
the problem or due to 
owners’ fear for their 
horses’ safety. As a 
result, there were 242 
exposed premises in 19 
states, with 17 cases 
confirmed in California 
alone. Of 520 registered 
shows and events that 
year in California, 142 
were canceled. Thirteen 
horses died or were 
euthanized; many others 
had an incomplete 
recovery. 

During the outbreak, rumors on social media caused panic 
and shut down horse movement and events across the 
nation, although most were not actually threatened by the 
disease. This one outbreak resulted in a multimillion-dol-
lar economic impact due to loss of horses, loss of use and 
shut down of industry activity. 

An industry solution
Following the outbreak, the AAEP set up a task force to 
explore how to implement effective communications 
during a disease outbreak. The task force recommended 
establishing an Equine Disease Communications Center 
(EDCC) to serve all segments of the horse industry. With 
the support of the AAEP, AAEP Foundation, American 
Horse Council member organizations, and state and 
federal animal health officials, a plan for the EDCC was 
initiated. To this end, the United States Equestrian 
Federation (USEF) has committed their call center for 
receiving and communicating information from the 
EDCC. In addition, the USEF has created and is hosting 
the EDCC website, www.equinediseasecc.org. Although 
parts of the site remain under construction, AAEP 
members are encouraged to visit the site to see how it will 
work and to offer suggestions to help improve its 
usefulness. 

The AAEP has donated office space for an EDCC commu-
nication specialist and will administer tax-deductible 

donations and use of funds specifically for EDCC through 
the AAEP Foundation. The EDCC will also have access to 
subject matter experts from AAEP member clinicians and 
scientists. 

Currently, when a reportable disease is confirmed by 
SAHOs, it frequently is not shared with other states, as 
there is no protocol or directive to do so. Because the 
industry relies on horse movement, lack of information 
sharing creates a significant risk for disease spread during 
an outbreak, even from diseases in individual horses. The 
only way to prevent disease spread is to communicate 
immediately and have information in place and available 
so everyone can respond. The source has to be reliable and 
able to respond in real time. The EDCC is set up to work 
with SAHOs and to communicate information rapidly to 
horse organizations and AAEP members throughout 
North America. 

Mitigating a disease outbreak
So how would the EDCC help during a local or multistate 
disease outbreak? The call center at USEF is set to receive 
calls from SAHOs, veterinarians or owners about diseases. 
If the caller has information about an outbreak, the infor-
mation would be sent to the EDCC communicator, who 
would immediately confirm the information and dissemi-
nate on the EDCC website, social media and via e-mail to 
all SAHOs, veterinarians and horse organizations. This 
system has been tested and is capable of real-time alerts. 
When there are no reports of outbreaks, the EDCC will 
monitor social media as well as national and international 
media for evidence of diseases or disease transmission 
with an attempt to locate the source. If information about 
a disease outbreak is not confirmed, necessary communi-
cations will be sent to horse organizations to refute 
rumors that can cause panic and unnecessarily shut down 
horse activities. The call center will direct callers to infor-
mation and communicate questions to the EDCC if 
needed.  

Additionally, the EDCC will have updated information 
about biosecurity, vaccination, disease descriptions, current 
disease research and contact information for state and 
federal health officials and supporting organizations. Once 
set up, this communication system can serve as a central 
source of information for other activities such as disaster 
relief when rapid information dispersal is needed. All 
EDCC functions will be overseen by a steering committee 
organized by the AAEP Foundation and composed of 
members of supporting organizations, including the AAEP.

By Nathaniel A. White II, DVM, MS, DACVS

Dr. Nathaniel A. White II

continued on page IV

http://www.equinediseasecc.org
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You can be a winner at the  
AAEP’s 61st Annual Convention  
at the Mandalay Bay Resort and 
Casino before ever stepping foot  
in Las Vegas. 

Register for the convention by 
Sept. 1 and receive a discount of 
$120 off the standard registration 
rate. Similarly, book your hotel 
room by Sept. 15 and save $50 per 
night at Mandalay Bay or Delano, 

or $30 per night at Luxor. You can accomplish both tasks 
at www.aaep.org/info/annual-convention.

This year’s convention will be held Dec. 5-9. Educational 
session topics will include clinical pathology, 
Equitarianism, field imaging, field surgery, foal medicine, 
lameness, neurology, pre-purchase exams, reproduction, 
internal medicine, and trauma and wound management. 
In addition, daily Business of Practice Sessions will help 
you manage your practice with greater efficiency and 
profit; and a new Podiatry Workshop on Dec. 5 will 
combine morning lectures with afternoon wet labs to 
enhance your understanding of and ability to treat a 
variety of hoof issues.

Daily networking and social events will connect you with 
colleagues and expand your professional footprint, while 
the trade show will offer innovative solutions to practice 

challenges from nearly 350 exhibitors. Following daily 
educational sessions and networking events, hit the Las 
Vegas Strip for world-class dining and entertainment; try 
your luck at the slots or table games; or simply relax 
poolside.

If you are ready to go all in on education, networking 
and fun, visit www.aaep.org/info/annual-convention to 
browse the educational program, register and book your 
hotel room.

Put the odds in your favor at the AAEP’s 61st Annual Convention 

Next steps
This critical service is not yet available due to lack of 
funding for personnel. There is a real cost for establish-
ing a full-time and reliable system to receive and deliver 
information. The EDCC business plan calls for funding a 
full-time communication specialist, a veterinarian to 
serve as a consultant and communication services. The 
plan won’t be sustainable without this investment 
estimated at $100,000 annually, which is a drop in the 
bucket compared to the losses that can occur from a 
disease outbreak. 

I urge AAEP members to contribute to the EDCC or, more 
importantly, serve as AAEP Foundation Ambassadors by 
urging clients and equine organizations you have relation-
ships with to make a long-term commitment to fund this 
enterprise. This is one way the horse community can help 

to improve horse health and welfare while helping 
maintain the industry’s economic health. 

Dr. White is Professor Emeritus of Equine Surgery at 
Virginia-Maryland College of Veterinary Medicine in 
Blacksburg, Va., and chair of the AAEP’s National Equine 
Health Plan Task Force. 

Equine Disease Communication Center needed now more than ever, continued 

Please make and encourage donations payable to the 
AAEP Foundation with designation for the “EDCC.”

Mail to: AAEP Foundation
 c/o Equine Disease Communication Center
 4033 Iron Works Parkway
 Lexington, KY 40511

Significantly discounted registration and housing rates expire in September

The “Entertainment Capital of the World” awaits annual 
convention attendees.
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Convention keynote speaker to impart skills to enhance personal and professional well-being

The cost of becoming an equine veterinarian 

An article in the summer issue of EquiManagement 
examines the economics of equine practice facing veterinary 
students and recent graduates. A portion of the article is 
quoted here: 

By Amy Grice, VMD, MBA

Most equine veterinarians remember their first inkling 
that they wanted to be vets, and often it occurred very 
early in their lives. So early, in fact, that it almost seemed 
like a “calling.” Even as you read this article, in 
classrooms all over the country, little girls are answering 
the question “What do you want to be when you grow 
up?” with the words “a veterinarian.” If they also love 
horses, invariably they want to be equine veterinarians.

This dream, and the passion that drives these students 
toward their goal, is not based on a rational assessment 
of the future economics of the veterinary profession. It is 
largely driven by the strong desire to leverage their intel-
ligence and love of science in work they can embrace 
with enthusiasm.

Supply and demand
Most veterinarians are familiar with the economic 
concept of supply and demand. Essentially these two 
forces remain in equilibrium through changing prices. 
When supply exceeds demand, prices generally fall; when 
demand exceeds supply, prices rise. In veterinary 
medicine, there is supply and demand for veterinary 
education, vet services and veterinarians. Students seek 
education to become veterinarians, and academic institu-
tions supply it. Animal owners seek veterinary services 
that are supplied by veterinary practices. Lastly, 
veterinary practices seek veterinarians to supply the 
manpower to provide these services. Let’s consider these 
in turn.

To read the entire article, please access it at  
http://equimanagement.com/article/ 
cost-equine-veterinarian-28435. 

Access requires a username and password, which can  
be obtained for free through a simple and quick site reg-
istration.

With health, lifestyle and 
wellness issues of growing 
concern among veterinarians, 
neuropsychiatrist and New 
York Times bestselling 
author Daniel J. Siegel, M.D., 
will share skills that equine 
practitioners can use to 
create more presence in their 
professional and personal 
lives when he delivers the 
keynote address at the 
AAEP’s 61st Annual 
Convention in Las Vegas, 
Nev., Dec. 5-9, 2015. 

Dr. Siegel’s presentation, “The Art and Science of 
Resiliency (in Our Lives)” will explore the neuroplasticity 
of the brain in relation to the teachable skill of being 
present, of being receptive to and aware of what is 
happening as it is happening, which leads to improve-
ments in mental well-being, relationship skills and overall 
medical health.

Dr. Siegel is a clinical professor of psychiatry at the 
UCLA School of Medicine; founding co-director of 
UCLA’s Mindful Awareness Research Center; founding 
co-investigator at the UCLA Center for Culture, Brain, 
and Development; and executive director of the 
Mindsight Institute, an educational center devoted to 
promoting insight, compassion and empathy in individu-
als, families, institutions and communities.

He has published extensively for the professional 
audience and serves as founding editor for the Norton 
Professional Series on Interpersonal Neurobiology, which 
includes over three dozen textbooks. Dr. Siegel is an 
internationally acclaimed author whose books include 
Mindsight; Pocket Guide to Interpersonal Neurobiology; 
The Developing Mind, Second Edition; The Mindful 
Therapist; The Mindful Brain; Parenting from the Inside 
Out (with Mary Hatzell, M.Ed.); and the three New York 
Times bestsellers: Brainstorm, The Whole-Brain Child 
(with Tina Payne Bryson, Ph.D.) and No-Drama 
Discipline (with Tina Payne Bryson, Ph.D.). He has been 
invited to lecture for Pope John Paul II, His Holiness the 
Dalai Lama, Google University and TEDx, among others.

Dr. Daniel J. Siegel

Despite the high costs involved in becoming an equine vet, a record number of students are taking that challenge

http://equimanagement.com/article/cost-equine-veterinarian-28435
http://equimanagement.com/article/cost-equine-veterinarian-28435
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Tribute gifts strengthen relationships, assist equine welfare

It’s always difficult when a client loses a horse. Beyond 
offering sympathy to your bereaved client, you can express 
your appreciation of the relationship with an equine 
memorial gift in the horse’s name to the AAEP 
Foundation.

In 2014, 1,200 equine memorial gifts were received from 
212 donors and practices, yielding $61,500 to help fund a 
variety of benevolent efforts supported by the AAEP 
Foundation.

AAEP Educational Partner Zoetis generously matches all 
equine memorial donations up to a cumulative total of 
$25,000 annually, allowing participants to increase the 
impact of their contributions. Including these matching 
funds, equine memorial tribute proceeds in 2014 reached 
$86,500.

Upon receipt of a contribution, the AAEP Foundation 
mails a compassionate card to the horse owner or 
designated contact. A sympathetic letter on the inside of 
the card conveys the donation (amount not disclosed) in 

the horse’s name and communicates the commitment of 
the AAEP Foundation and Zoetis to supporting the 
mission of improving the welfare of horses.

If you or your practice would like to participate in the 
Equine Memorial Giving program, simply visit  
www.aaepfoundation.org and select the “Memorial Giving” 
option from the “How to Help” drop-down menu.

Our Hoofbeats Were Many,  
          but Our Hearts Beat as One.
                            —Author Unknown

The front of the recently redesigned equine memorial 
tribute card.

Six longtime members make the AAEP ‘Honor Roll’

The AAEP has recognized long-standing commitments to 
the profession of veterinary medicine and to the associa-
tion by conferring the Honor Roll distinction upon six 
veteran members during the preceding 12 months.

The Honor Roll category of membership is reserved for 
members who have reached the age of 70 and have 
maintained an AAEP membership for 40 years.

Congratulations to the following members who attained 
this milestone between July 1, 2014 and June 30, 2015:

Franklin A. Brown, DVM, Mt. Sterling, Ky.
Larry K. Dresher, DVM, Prineville, Ore.
William A. Grantham, DVM, Montara, Calif.
Ed P. LeTourneau, DVM, Madera, Calif.
D. Scott Traphagen, DVM, Wellington, Fla.
James P. Wright, DVM, Lake George, Colo.

At the AAEP’s June 23 open house,  
more than 150 AAEP members, industry 
representatives, state legislators and 
others assembled in front of the 
association’s new headquarters building 
for several brief dedication speeches, 
including one from Kentucky First Lady 
and longtime Kentucky Horse Park 
advocate Jane Beshear. Afterward, guests 
enjoyed the camaraderie of colleagues 
over hors d’oeuvres and drinks.

http://www.aaepfoundation.org
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Learn to assess, diagnose and treat the variety of perfor-
mance-limiting diseases more efficiently and save $50 in the 
process! The early registration deadline for the AAEP’s Focus 
on Poor Performance is Aug. 17.

The meeting, which will help you resolve the multitude of 
ailments that undermine performance in the athletic horse 
regardless of discipline, will be held at the Hilton Lexington 
Downtown in Lexington, Ky. 

Those who miss the Aug. 17 early registration deadline will 
be able to register for the meeting online at the standard rate 
of $500 through Aug. 31. View the educational program, 
register for the meeting and book your hotel room at  
www.aaep.org/info/focus-performance.

Focus on Poor Performance is sponsored by:

September 10-12, 2015
Lexington, Kentucky

Unravel mysteries behind impaired performance at September Focus meeting

Register by Aug. 17 and save $50

Equine rescue and  
rehabilitation facilities 
that did not apply for 
complimentary spring 
vaccines from the 
Unwanted Horse 
Veterinary Relief 

Campaign (UHVRC) have until Aug. 1 to request compli-
mentary vaccines for the fall.

Generously supported in partnership with AAEP by 
Merck Animal Health, the UHVRC has provided 501(c)
(3) equine facilities with more than 17,500 core vaccines 
since its inception in 2009 to protect resident horses from 
dangerous diseases and help rehome America’s unwanted 
horses. For the upcoming fall vaccination season, donated 
vaccines will protect horses from Eastern and Western 
equine encephalomyelitis, equine influenza, rabies, equine 
rhinopneumonitis (EHV-1 and EHV-4), tetanus and West 
Nile virus. 

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

Help horses in need be considered for complimentary core vaccines

UHVRC deadline for fall vaccines is Aug. 1

http://www.aaep.org/info/focus-performance
http://www.uhvrc.org
http://merck-animal-health-usa.com
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Touch Point: Your clients want you to offer more services—really 

Hoof Notes: A news roundup from the veterinary and equine industries

According to the 2015 AVMA 
Report on Veterinary Debt and 
Income, average debt for all new 
veterinarians who responded to the 
survey was $135,000 for 2014, 
yielding a debt-to-income ratio of 
2.05:1. This indicates a level of 
debt slightly greater than twice the 
level of starting income. The net 

present value of the veterinary medical degree for new 
veterinarians was $260,568 for 2014, which provides a 
measure of the value added to what might have been 
gained from the bachelor’s degree after all veterinary 
education expenses are paid. The executive summary of 
the report is available at http://tinyurl.com/myxdaqm. 
The entire report can be ordered from a link within the 
executive summary.

Breeders’ Cup recently imple-
mented a series of safety and 
security initiatives, including 
random out-of-competition 
testing of horses nominated to 
the Breeders’ Cup Challenge 
Series of 50 graded stakes 
races in North America that 

earn the winners an automatic starting position in the 
corresponding race of the Breeders’ Cup World 
Championships in the fall. Challenge race winners will be 
subject to random out-of-competition testing at any time 
prior to the championships. Other initiatives implement-
ed for challenge series races include administration of 
race-day medication only by regulatory or official veteri-
narians and TCO2 testing of all participating horses. For 
more information, visit http://tinyurl.com/nhluqx9. 

It’s true: AAEP market 
research revealed that 20% 
of your clients would use 
you more if you offered 
more services. This is 
extremely positive news for 
equine practice. 

How do you identify the services your clients wish you 
provided?

1. Ask your clients. Client satisfaction surveys that are sent 
post-visit or annually can be the tool through which 
you learn what your clients want.

 
2. Analyze the feedback. Surveys only prove useful when 

someone in the practice is dedicated to evaluating the 
responses. Online survey tools like SurveyMonkey are 
cost effective, tabulate the responses for you and make 
the process simple. The human brain trust in the 
practice will still need to determine what the survey 
data may mean for your mix of client services.

3. To add or not to add, that is the question. If your data 
reveals specific services your clients would like you to 
offer, then a cost-benefit analysis is your next step. 
Offering a new service may require staff training, 
purchasing a new piece of equipment or hiring a veteri-
narian with the required skill set. There are simple 
formulas that can help you determine if the benefit in 

terms of revenue exceeds the cost of adding the service 
to your menu.

The Touch program has the easy-to-use tools you need to 
survey your clients. Visit touch.aaep.org to choose from 
several resources:

Log in to the Touch website using the same username and 
password as you use for aaep.org. The Touch program is 
available exclusively to AAEP members. 

http://tinyurl.com/myxdaqm
http://tinyurl.com/nhluqx9
http://touch.aaep.org
http://www.aaep.org


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

61st Annual  
Convention
& Trade Show

December 5-9   |   Las Vegas, Nevada

Save $120 when you  
register by September 1!

www.aaep.org/info/
annual-convention

5

http://www.aaep.org/info/annual-convention
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AAEP Educational Partner Profile: Merial

Merial is a world-leading, innovation-driven animal health company, providing a comprehensive range of products 
to enhance the health, well-being and performance of horses and other animals. In addition to making significant 
investments in research and development to bring safe, efficacious pharmaceuticals and vaccines to market, Merial is 
committed to partnering with veterinary partners to help educate horse owners and foster clinic-client communications 
to promote best practices in equine health care.

Unapproved Products Initiative
Horse owners are bombarded with choices when it comes to equine health products. To help 
them navigate through the marketplace, Merial developed EquineDrugFacts.com. Through the 
site, horse owners can learn the differences between pioneer, generic, compounded and illegally 
manufactured drugs. The site also highlights the importance of Food and Drug Administration 
approval and features a way for veterinarians and horse owners to file complaints if they feel 
manufacturers have misled them.

Equine Disease Awareness and Prevention
While vaccination is the best way to help prevent many equine diseases, including EEE/WEE, WNV, EHV-1 and PHF, 
knowing about existing threats is also important. To help horse owners become aware of equine diseases in their 
communities as well as areas where they might be traveling, Merial created Outbreak-Alert.com. Veterinarians can use 
this free program to help inform and educate horse owners about the threat of disease. 

Advances in Parasite Management
With outdated calendar-based rotational deworming strategies still the norm for many horse owners, Merial recognized 
a need to provide updated information about protocols. The one-stop educational resource, ReThinkDeworming.com, 
encourages horse owners to partner with their veterinarians to implement more effective parasite management plans. 

The expanding MERIAL® brand family of equine products now includes LEGEND® (hyaluronate sodium) and 
MARQUIS® (15% w/w ponazuril) along with ULCERGARD® (omeprazole), GASTROGARD® (omeprazole), 
ZIMECTERIN® (ivermectin) brand dewormers, MERIAL and RECOMBITEK® equine vaccines and EQUIOXX® 
(firocoxib). Clinics can direct clients to MerialEquineRebates.com to find links to educational product pages as well as 
significant savings on all Merial equine products, many of which are available only through veterinarians.

Practitioners seeking to utilize their 
time between calls productively or 
who simply enjoy learning can 
download a bimonthly podcast from 
Equine Veterinary Journal that focuses 
on specific papers recently published 
in the journal.

Each podcast is approximately 30 minutes in length and 
consists of an interview with the papers’ authors. The most 
recent podcast, uploaded in June, features Dr. Pete Ramzan 

discussing the paper “Unicortical condylar fracture of the 
Thoroughbred fetlock: 45 cases (2006–2013)”; and Dr. 
Veronica Roberts discussing the paper “Neuromodulation 
using percutaneous electrical nerve stimulation for the 
management of trigeminal-mediated head shaking: A safe 
procedure resulting in medium-term remission in five of 
seven horses.”

The next episode will be available in August. To download 
or subscribe to the podcasts, search “EVJ” on iTunes®.

Go behind the science with EVJ podcasts

http://www.EquineDrugFacts.com
http://www.Outbreak-Alert.com
http://www.ReThinkDeworming.com
http://www.MerialEquineRebates.com
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Recent committee appointments by the AVMA board of 
directors included five members of the AAEP: Drs. Miles 
Hildebrand, Sarah Reuss, Scott Spaulding, Harry Werner 
and James Zeliff. 

Dr. Hildebrand, a partner in Blue Water Equine Hospital 
in Emmett, Mich., and member of the AAEP’s Welfare 
and Public Policy Advisory Council, was appointed the 
AAEP’s primary representative to the Legislative Advisory 
Committee.

Dr. Reuss, clinical assistant professor and service chief, 
large animal internal medicine at the University of 
Florida College of Veterinary Medicine in Gainesville, 
Fla., was named a faculty adviser to the Early Career 
Development Committee.

Dr. Spaulding was appointed at-large representative to 
the Veterinary Economics Strategy Committee. He is 
president and CEO of Badger Veterinary Hospital in 
Cambridge and Janesville, Wisc.

Dr. Werner, founder of Werner Equine in North Granby, 
Conn., and a member of the AAEP’s Welfare and Public 
Policy Advisory Council, was appointed the AAEP’s 
primary representative to the Animal Welfare Committee.

Dr. Zeliff was appointed as the AAEP’s alternate repre-
sentative to the Legislative Advisory Committee. He is 
founder of Allegheny Equine Associates in Murrysville, 
Penn.

Members in the News

Dr. James ZeliffDr. Scott Spaulding

The AAEP welcomes new members and congratulates recent graduates

New members:

Nikolaos Anastasopoulos, DVM, Markopoulo Mesogeas, 
Greece

Kait Bender, DVM, Freehold, NJ
Karilyn Abrahamsen Bonney, VMD, Monmouth, ME
Kate Britton, DVM, Vernon, NY
Kathryn Schlesinger Cash, BSc DVM, Lexington, VA
Kari Lynn Christianson, DVM, Springerville, AZ
Clay Howie Espey, DVM, Prairieville, LA
Kenneth Don Lee, DVM, Decatur, TX
Martha Scharf, DVM, Columbia, MO
Barbara S. Wiborg, DVM, Fort Worth, TX
Lindsey Wittmeyer, DVM, Manhattan, KS 

 

Recent graduates:

Elizabeth L. Anderson, DVM, Davis, CA
Bradley Carl Back, DVM BSc, Charlottetown, PE, Canada
Faith Angelica Cogswell, DVM, Brooksville, FL
Christy Ann Copeland, DVM, Winton, CA
Emma Deane, DVM, Davis, CA
Margaret Gabour, DVM, Columbus, OH
Megan Garvey, DVM, Savoy, IL
Samantha Miles, DVM, Edinburgh, Scotland
Tracey Mullins, DVM MBA, Manhattan, KS
Courtney Noonan, DVM, Hazard, KY
Esther Rogers, DVM, Thompson’s Station, TN
Channing Sebo, DVM, Ames, IA
Holly Krista Snyder, DVM, Stow, OH

AVMA appoints five AAEP members to committee positions

Dr. Sarah ReussDr. Miles 
Hildebrand

Dr. Harry Werner
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July 26-28, 2015

Focus on Ambulatory Medicine
Minneapolis, Minnesota
 

September 10-12, 2015

Focus on Poor Performance
Lexington, Kentucky

December 5-9, 2015

61st Annual Convention
Las Vegas, Nevada

January 25-27, 2016

18th Annual Resort Symposium
Hilton Barbados
Bridgetown, Barbados

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

Raise owners’ level of care with AAEP client education brochures

“As an AAEP member, I have a 
reliable avenue through which I 
can supply accurate information 
to clients on a variety of 
commonly discussed topics. The 
AAEP’s client education brochures 
make it easy to disseminate 
up-to-date information in a 
format that my clients can both 
easily understand and carry with 
them.”  
—Ryan M. Lee, DVM, College 
Station, Texas

Helping horse owners understand the importance of 
quality equine healthcare is a primary goal of the AAEP. 
To this end, AAEP offers its members a variety of 
resources to assist with educational outreach to clients 
and prospective clients.

One such resource is the slate of 28 client education 
brochures, which are designed to enhance horse owners’ 
knowledge of equine healthcare in a broad array of areas 
and help them recognize and respond to the warning 

signs of numerous ailments and diseases. The AAEP 
offers brochures on the following topics:

Brochures are available in packages of 25. Most are $6 
per pack. Several are free. Visit www.aaep.org/-c-15.html 
to order or contact Kristin Walker at kwalker@aaep.org 
or (859) 233-0147.

Dr. Ryan M. Lee

Castration
Colic
Cool Semen Transport
Dental Care
Emergency Care
Emergency Preparedness
Equine Cushing’s Disease
Equine Gastric Ulcers
Equine Insurance
Equine Protozoal    
  Myeloencephalitis
Equine Strangles
Equine Viral Arteritis
Euthanasia
Expectant Mare

Foal Growth
Foaling Mare & Newborn
For the Life of Your Horse
Hay Quality and Nutrition
Immunizations
Internal Parasites
Joint Health Supplements
Lameness Exams
Laminitis
Older Horse
Overweight Horse
Purchase Exams
West Nile Virus
What to Expect When  
  Owning a Horse

No matter where you read Equine Veterinary Education, there’s an app for 
that! The AAEP Publications app enables you to read EVE, the Annual 
Convention Proceedings and the membership directory from the convenience 
of your tablet or smartphone. Simply use your AAEP website login to access 
all issues of EVE since January 2014 as well as the Annual Convention 
Proceedings and membership directory. Download it from the App Store or 
Google Play by searching “AAEP Publications.”

Read EVE on your smartphone or tablet

http://www.aaep.org
http://www.aaep.org/-c-15.html
mailto:kwalker@aaep.org


International 3-Day 
Modules 
Advanced Education 
1 1/2-day Lecture, 1/2-day Dissection & Demo, 
1/2-day Wet Lab

April 23-25 
Stifle & Thigh
Bell Equine
England
United Kingdom

July 2-4
Foot & Pastern
Cascina Gufa
Italy

September 11-13
Fetlock, Tendons & Carpus
Lingehoeve Diergeneeskunde
Netherlands

October 29-31
Neck & Back
Clinique de Grosbois
France

Hands-On 1-Day 
Talk & Wet Lab
1/2-day Lecture & Case Reports
1/2-day Demo

April 10
Foot & Pastern
Chino Valley Equine
Chino Hills, California

October 10
Stifle 
Cal Poly
San Luis Obispo, California

U.S. 3-Day Modules 
Advanced Education 
1 1/2-day Lecture, 1/2-day Dissection & Demo, 1/2-day Wet Lab

March 27-29
Hindlimb Proximal Suspensory & Distal Hindlimb
Animal Imaging
Irving, Texas

May 13-14 
Special 2-Day Advanced Lameness Module
Stifle & Thigh
Peninsula Equine
Menlo Park, California

May 15-17
Hock & Crus
Peninsula Equine
Menlo Park, California

August 28-30 
Pelvis
Hagyard Equine
Lexington, Kentucky

September 17-19
Shoulder & Elbow
Virginia Equine Imaging
The Plains, Virginia

ISELP aims to inform equine clinicians of the 
continually evolving diagnostics and treatments 
in the field of equine locomotor analysis. Doing so 
allows for practitioners to approach lameness in 
the equine athlete from a modern perspective 
and better manage the cases encountered.

Highest Quality and Best Value in 
Equine Sports Medicine Education

See website for updated information regarding upcoming modules 
and one-day talks.

FURTHERING THE EDUCATION OF 
EQUINE PRACTITIONERS FOR 

UNPARALLELED MANAGEMENT OF 
LAMENESS IN THE EQUINE ATHLETE

www.iselp.org

http://www.iselp.org
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Editorial

Management of joint diseases in horses: Current and future
prospects

Surveys estimate that approximately 60% of lameness in
horses is related to osteoarthritis (OA) (National Animal Health
Monitoring Systems: Lameness in Laminitis in US Horses 2000;
Caron and Genovese 2003). Rapid resolution of synovitis and
capsulitis is critical in the management of OA because
synovitis induces cartilage matrix degradation (McIlwraith
2005, 2011) and inhibition of catabolic processes can also aid
in the enhancement of articular cartilage repair (Morisset
et al. 2007). Two main properties are recognised with
medications for equine traumatic arthritis and OA: 1)
symptom modifying OA drugs (SMOADs); and 2) disease
modifying OA drugs (DMOADs) and this is based on
improvement of clinical signs in the first category and proof
that progressive OA disease has been modified in the second
category. Ideally we want a treatment that positively affects
both symptom modifying and disease modifying effects, but
the second is critical to long-term joint health.

Of the current ‘conventional’ treatments for traumatic
joint disease, only SMOAD effects have been seen with
systemic nonsteroidal anti-inflammatory drugs but there is
some evidence that locally applied diclofenac ointment has
some DMOAD effects, intra-articular (i.a.) hyaluronan (HA)
has been shown to have DMOAD effects, and i.a.
polysulfated glycosaminoglycan (PSGAG; Adequan)1 has
been shown to have potent SMOAD effects and a trend for
DMOAD effects. The positive effects of triamcinolone
acetonide with both SMOAD and DMOAD effects contrasts
with methylprednisolone acetate (MPA), which has only
shown SMOAD effects and negative degradative effects on
the articular cartilage; its use is not recommended (McIlwraith
2010). Use of the latter product has virtually disappeared
outside the USA but in the USA it was shown in a survey that
73% of equine veterinarians still use MPA to treat low motion
joints (in the peculiar rationalisation that it will not be as
harmful to the articular cartilage of low motion joints or that
we might want to promote fusion) (Ferris et al. 2011).
Veterinarians treating western performance and sport horses
were significantly more likely to use triamcinolone acetonide
in high motion joints than MPA. In the same survey, PSGAG
and hyaluronate sodium (Legend)2 were the most commonly
used disease modifying product (63% and 57% of
respondents, respectively). Also, sport horse practitioners were
significantly more likely than race or show horse veterinarians
to utilise IRAP products (discussed later). There has been
minimal progress on systemic, conventional therapies since
i.v. HA was shown to have SMOAD but not DMOAD effects.
However, using the Colorado State University (CSU) OA chip
fragment model no significant effects were seen with i.m.
PSGAG (McIlwraith et al. 2012) but i.m. administration of
sodium pentosan polysulfate has been shown to have
DMOAD effects at a dose of 3 mg/kg bwt. There continues to
be a paucity of good scientific data for in vivo effectiveness
with oral joint supplements but randomised clinical studies
have shown positive effects for oral HA and a proprietary
mixture of bioactive lipids including New Zealand Green
Lipped Mussel and abalone (McIlwraith 2013).

Recent work in the OA chip fragment model has shown
that underwater treadmill exercise can possibly affect some
outcome parameters with experimentally induced carpal
joint OA and also positively affect postural sway as an
indicator of improved proprioception (King et al. 2013).
Again, in the equine carpal OA model, extracorporeal
shockwave therapy decreased lameness and synovial
parameters of inflammation supporting a pain and
inflammation method of action but there is little evidence at
this stage of a DMOAD effect (Frisbie et al. 2009a).

The improved understanding of critical mediators in
equine traumatic arthritis and OA has led to the identification
of multiple possible targets for therapy (McIlwraith 2005).
Although there are multiple possible targets for inhibiting
catabolism, most attention has been paid to interleukin-1
(IL-1) with some attention to metalloproteinases and
aggrecanase (but no good in vivo evidence of use in the
horse yet). It has been demonstrated using i.a. gene therapy
with IL-1 receptor antagonist (IL-1ra) and an adenoviral
vector that OA can be prevented, proving the importance
of IL-1 in the equine OA cascade (Frisbie et al. 2002) (Fig 1).
Because of problems with reactivity to the adenoviral vector
in that study, gene therapy is still not a reality but
considerable progress has been made recently (Goodrich
et al. 2013a). There is no specific IL-1ra protein therapy
available but a product developed in Germany called
autologous conditioned serum (ACS; Orthokine)3 has a
significant increase in IL-1ra as one effect of the process
(Wehling et al. 2007). This product was initially tested in horses
in Europe by Dr Thomas Weinberg with positive results in OA
of the distal interphalangeal joint not responding to
triamcinolone and HA and more recently the product4 was
evaluated with the CSU experimental model of equine OA
(Frisbie et al. 2007). Horses treated with ACS (3 treatments at
weekly intervals) were observed to have significantly
reduced lameness in OA limbs, even 5 weeks after the last
treatment compared with placebo treated horses and also
had a significant reduction in synovial membrane
inflammation in treated compared with placebo-OA joints.
There was also a trend for improvement of cartilage gross
score and proteoglycan staining in ACS treated OA joints
compared with placebo treated joints. When Orthogen
discontinued their relationship with Arthrex in the USA, they
developed a new product (IRAP II)5. Comparative cytokine
profiles of IRAP and IRAP II using equine blood were then
performed in the author’s laboratory and have been
reported (Hraha et al. 2011). Both products had significant
increases in IL-1ra concentrations with IRAP II being superior
to IRAP. Of greater importance, it was noted that the IL-1ra:
IL-1 ratio was significantly better with IRAP II. The production
of the growth factors insulin-like growth factor-1 and
transforming growth factor-b were both increased to about
double the levels of serum with no difference between the
products. It was noted, however, that IRAP produced
significantly more tumour necrosis factor-a than IRAP II and
this was considered to be a significant issue because of the

© 2015 EVJ Ltd
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known deleterious effects of tumour necrosis factor-a. In the
2009 survey of equine veterinarians in the USA, sport horse
practitioners were significantly more likely than race or show
horse veterinarians to use IRAP products. Outside the USA,
IRAP products are being increasingly used by racehorse and
show horse veterinarians in lieu of i.a. corticosteroids and this
is somewhat associated with more restrictive corticosteroid
thresholds.

The use of platelet rich plasma (PRP) has become a buzz
word in the mainstream media – especially in the treatment
of high-profile human athletes. There is a challenge for
veterinarians to interpret the science and determine the
appropriate indications to give advice to their clients about
what PRP can and cannot accomplish. PRP has been
advocated as a way to introduce increased concentrations
of growth factors and other bioactive molecules to injured
tissues in an attempt to optimise the local healing
environment. There have been various definitions of PRP but
the common one now is that the product should have an
increase in platelet content over the level in blood. The initial
enthusiasm for PRP was based on growth factors within the
a-granules, but there are a number of other bioactive factors
in PRP contained in dense granules of platelets and there is
an emerging paradigm that more than just platelets are
playing a role in PRP (Boswell et al. 2012). The use of PRP to
treat joint disease in the horse is increasing. At CSU’s
Orthopaedic Research Center we have tended to
recommend IRAP and IRAP II for joints and PRP (or autologous
conditioned plasma) for treatment of tendon and
ligamentous injuries. However, good clinical results with OA in
man have been reported (Kon et al. 2011) and a recent
in vitro study in our laboratory has shown beneficial effects on
cartilage metabolism (Kisiday et al. 2012).

The effects of inflammatory and anti-inflammatory
molecules from leucocytes in PRP have not been defined. A
study from Cornell University using human blood evaluated 2

PRP systems designated as PRP-1 (autologous conditioned
plasma; Double Syringe System)5, which has a modest
increase in platelets and minimises leucocytes and PRP-2
(GPS III Mini Platelet Concentration System)6, which has high
platelet and white cell concentrations (Sundman et al. 2011).
PRP-1 had 1.99 times the platelet levels and 0.13 times the
leucocytes whereas PRP-2 had a 4.69 times platelet and a
4.26 times leucocytes compared with blood. The growth
factors were significantly increased with PRP-2 compared to
PRP-1 but catabolic cytokines were also significantly
increased in PRP-2 compared with PRP-1.

Mesenchymal stem cells (MSCs) have probably received
the most attention of the newer therapies. Multipotent cells,
which are present in mature bone marrow and can replicate
as undifferentiated cells, have been used most commonly.
While there are anecdotal reports of success with adipose-
derived stromal vascular fraction cell preparations, cultured
bone marrow-derived stem cells have been superior in
controlled, comparative studies (Kisiday et al. 2008; Frisbie
et al. 2009a,b). Both clinical and experimental studies support
the i.a. route of administration as providing benefit in both
articular cartilage repair (McIlwraith et al. 2011), soft tissue
healing in clinical cases in the equine femorotibial joints
(Ferris et al. 2014) and osteoarthritis (Frisbie et al. 2009b),
which supports the concept that MSCs act as trophic
mediators (Caplan and Dennis 2006). By contrast,
implantation of bone marrow derived MSCs in fibrin has
failed to show benefit in repair of articular cartilage defects
(Wilke et al. 2007). We explored why this failure of MSCs to
have a positive effect with in situ implantation and
determined that the migration of MSCs increased as fibrin
hydrogels were diluted (Hale et al. 2012). A more recent
study where bone marrow-derived MSCs were implanted in a
fibrin/PRP mixture for articular repair also demonstrated
negative effects with bone formation in articular defects
(Goodrich et al. 2013b). However, some positive results have

Fig 1: Diagram of interleukin (IL)-1 activation of matrix metalloproteinases (MMPs), aggrecanase and prostaglandin (PGE)2 release
acting through IL-1 receptors on the cell membrane.
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been demonstrated recently with chondroprogenitor cells
derived from the superficial layer of articular cartilage in
promotion of articular cartilage repair (Frisbie et al. 2015).
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Highlights of recent clinically relevant papers

Survival, fertility and uterine torsion

This retrospective analysis of clinical records by Tijn
Spoormakers and colleagues in the Netherlands and South
Africa aimed to further define survival rates for mares and
foals following uterine torsion, and to evaluate the success of
correction of uterine torsion by standing flank laparotomy
compared with other methods.

The clinical records of 189 mares presented to 3 referral
centres in the Netherlands were analysed. The majority of
torsions (77.5%) occurred at <320 days of gestation, the rest
at >320 days. The most common degree of torsion was 180–
360° (66.9% of mares). The more severe torsions >360° were
more common in later stages of gestation. Mare age, breed
and parity were not found to affect the incidence of uterine
torsion.

Overall rates of survival to discharge for mares and foals
were higher than in previous studies, at 90.5% and 82.3%
respectively. Of the cases that were discharged, all survived
to foaling. Correction by standing flank laparotomy under
standing sedation and local anaesthesia was the preferred
method in these clinics and was used in 169 of the affected
mares. A small number of difficult cases were treated by
ventral midline laparotomy or flank laparotomy under general
anaesthesia. Two mares were subjected to euthanasia
without correction and uterine torsion spontaneously resolved
in one mare. Mare and foal survival were both significantly
higher in cases treated by standing flank laparotomy (92.5%,
88%) than other methods (65%, 35%). Stage of gestation had
a significant effect on mare and foal survival, with higher
survival rates of 95.7% and 90.6% respectively at <320 days of
gestation, compared with 73.2% and 56.1% at >320 days. In
these later stages of gestation, standing flank laparotomy did
not significantly alter survival rates compared with other
methods. The degree of rotation of the uterine torsion was
also important, with mare and foal survival rates of 97.8% and
90% when rotation was <360°, significantly higher than 77.1%
and 73.5% when rotation was greater. Direction of the
rotation (clockwise or anti-clockwise) was not found to be a
factor. One hundred and twenty-three mares from the study
group were later rebred, 93.5% of them successfully. This was
not affected by correction method or stage of gestation at
which uterine torsion occurred.

When uterine torsion occurs at <320 days of gestation,
survival rates are much more favourable than during later
stages of gestation. If correction by standing flank
laparotomy is feasible there are higher survival rates for both
mare and foal compared with cases where other methods
have to be used. Uterine torsions >360° are associated with
lower survival rates. Uterine torsion had no deleterious effect
on subsequent fertility.

Tarsal bone shape and osteoarthritis

In this study Lucy Sprackman and colleagues at the Royal
Veterinary College, UK, investigated the relationship between
the shape of the central and third tarsal bones and the
presence of tarsal osteoarthritis.

Osteoarthritis (OA) of the low motion joints of the tarsus,
known as ‘bone spavin’, is common in horses and it has been

suggested that dorsal wedging of the central tarsal bone
(CTB) and third tarsal bone (TTB) may predispose to the
development of this disease. To test this hypothesis the
authors investigated the relationship between tarsal bone
conformation and OA of the proximal intertarsal (PIT), distal
intertarsal (DIT) and tarsometatarsal (TMT) joints. The height of
the CTB and TTB at their dorsal and plantar aspects in 3
parasagittal planes were measured from multiplanar
reconstructions based on computed tomographic (CT)
images. A wedging index was calculated as the ratio
between the dorsal and plantar measurements. The tarsal
bones were graded for OA on CT images. There was a
significant moderate negative correlation between the
wedging index of the CTB and OA of the DIT, TMT and PIT
joints. Dorsal wedging of the TTB was seen in mild and
moderate grades of OA, but severe cases of OA were
associated with plantar wedging. This study suggests that
wedging of the small tarsal bones is associated with OA in
the associated joints and therefore care should be taken in
foals to prevent the development of wedging.

Equine jejunocecostomy

This retrospective multicentre study by Jennifer Brown and
colleagues in the USA investigated the factors associated
with post operative reflux, post operative colic, repeat
celiotomy, and survival in horses after end-to-side (E2S) or
side-to-side (S2S) jejunocecostomy.

Data were obtained from the medical records of 150
horses that had E2S (n = 60) or S2S (n = 90) jejunocecostomy.
Descriptive statistics were calculated, data were analysed
and a Kaplan-Meier estimate of the survival function was
performed. The S2S procedures were performed using staples
(n = 57) or hand-sewn (n = 33). The method of anastomosis
was not significantly associated with development of post
operative reflux or colic, repeat celiotomy, whether the horse
was alive at hospital discharge or 12 months after discharge.
The surgeon’s experience (number of years) significantly
affected whether the horse was discharged from the hospital
alive. Age was significantly associated with 12-month survival.
Increased age and administration of prokinetic medication
were significantly associated with development of post
operative reflux. Sixty-eight (76%) horses with S2S and 52 (87%)
horses with E2S were discharged alive.

The authors concluded that age, patient related variables
and surgeon experience may influence morbidity and
mortality more than method of jejunocecostomy.

Comparison of cryptorchidectomy methods

In this retrospective cohort study Nicola Cribb and colleagues
in Canada and the USA compared surgical preparation time,
surgery and anaesthesia times, hospitalisation duration, and
intra- and post operative complications between
laparoscopic and conventional open cryptorchidectomy in
horses.

Medical records were reviewed and 30 horses that
underwent laparoscopic cryptorchidectomy (case horses)
were matched with 30 control horses that had undergone
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open cryptorchidectomy (i.e. inguinal and parainguinal
surgical approaches). Horses were matched according to
history of previous surgery, testicle location, and type of
closure following removal of an undescended unilateral
testicle. Clinical details including the durations of surgery,
surgical preparation, anaesthesia and hospitalisation, and
number of intra- and post operative complications were
compared between both groups of horses. Comparisons
were also made between horses relating to history of previous
failed cryptorchidectomy or unknown location of testicle prior
to surgery.

Horses undergoing laparoscopic cryptorchidectomy had
increased surgical preparation time, increased surgery and
anaesthesia times, and more post operative complications,
compared with horses undergoing open cryptorchictomy.
Laparoscopy may be advantageous for a second attempt at
cryptorchidectomy or if the testicle location is unknown prior
to surgery.

Survey of equine tumours in the UK

In this study Edd Knowles and colleagues in the UK reported
the findings of their database survey of equine tumours in the
United Kingdom.

This observational study surveyed the equine tumour
samples submitted to The University of Bristol diagnostic
pathological laboratory over a period of 29 years (1982–
2010). The survey included 964 cases and examined changes
in odds of diagnosis, breed or sex associations and any
changes in tumour types diagnosed over time.

The most commonly diagnosed tumour type was the
sarcoid, constituting 24% of tumour samples submitted. This was
followed by squamous cell carcinoma (19%), lymphoma (14%),
melanoma (6%), gonadal stromal tumour (6%) and mast cell
tumour (4%). The relatively low proportion of sarcoids
diagnosed may be due to population factors or clinician
habits, e.g. confidence in clinical diagnosis alone would
reduce the numbers referred for laboratory confirmation. Over
the time period, the proportion of tumours diagnosed as
sarcoids and lymphoma decreased. There was no significant
difference in the proportions of the other 4 main tumour types
over time, although less common tumour types appeared to
be overrepresented in later years of the study.

The mean age of horses from which samples were
submitted was significantly higher in the 000s than in the 080s
or 090s, indicating a general trend towards increasing age in
the population studied. For all of the main tumour types
except sarcoids, age increased the odds of diagnosis,
particularly in squamous cell carcinoma. Geldings were
found to be at a significantly increased risk of squamous cell
carcinoma compared with mares. A wider range of breeds
were represented in later study years. Some breed
associations were found, namely Arab/Arab X with mast cell
tumours, ponies with melanomas and Cobs/Cob X with
squamous cell carcinoma and mast cell tumours.

Sarcoids remain the most commonly identified tumour
type. Increasing age was significantly associated with the
odds of lymphoma, melanoma, gonadal stromal tumour,
mast cell tumour and in particular squamous cell carcinoma.
Some interesting breed and sex associations were identified.

Acute phase proteins in horses with colic

In this study T. Pihl and colleagues in Denmark and South
Africa investigated the influence of disease process and
duration on acute phase proteins (APP) in serum and
peritoneal fluid (PF) of horses with colic.

The APPs serum amyloid A (SAA), haptoglobin and
fibrinogen are valuable blood biomarkers in equine
inflammatory diseases. This study of 367 horses with colic
from 2 referral hospitals used clinical data, as well as blood
and PF biomarkers to investigate the influence of
demographics (age, sex, breed), disease process (simple or
strangulating obstruction, inflammatory), disease location,
disease duration, hypovolaemia, and admission hospital on
concentrations of APP, lactate and white blood cell counts
(WBC). Multivariate linear regression analysis was used to
investigate associations between biomarker concentrations
and clinical variables.

Increasing pre-admission duration of colic was associated
with increased concentrations of APP in blood and PF. Blood
concentrations of SAA and fibrinogen were associated with
disease process (inflammatory, strangulations, simple
obstructions) in more colic duration groups (5–12 and >24 h)
than any of the other biomarkers. No relevant associations
between demographic factors, hospital, or hydration status
and the measured biomarkers were found.

The authors concluded that in horses with colic,
concentrations of APP are mainly associated with disease
process and duration of colic and may be useful for
assessment of disease regardless of demographic or
geographic factors. Serum amyloid A may be a diagnostic
marker for use in colic differential diagnosis, but further
evaluation is needed.

S. WRIGHT
EVE Editorial Office
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Summary
This report describes the identification and removal of 2 glass
balls, both of which had fragmented, from the uterus of a mare.
The glass balls had been placed into the uterine lumen to
prolong function of the corpus luteum for suppression of
oestrous behaviour. This report adds to a growing body
of evidence that severe complications can result from the use
of intrauterine glass balls for oestrus suppression in mares,
particularly if they are retained for a prolonged time.

Introduction
Suppression of oestrous behaviour is commonly performed in
mares to prevent the behaviour from adversely affecting
performance activities. General methods of suppressing
oestrous behaviour include: 1) administration of exogenous
progesterone or synthetic progestins; 2) extending the
duration of corpus luteum (CL) function (i.e. maintaining
secretion of endogenous progesterone); 3) suppressing
ovarian follicular activity; and 4) ovariectomy (Vanderwall and
Nie 2011). Of these, administration of progesterone or synthetic
progestins has been the most widely used method of
suppressing oestrous behaviour, with the orally active synthetic
progestin altrenogest (ReguMate1 or Altresyn2) widely
considered to be the ‘gold standard’ for blocking oestrous
behaviour in mares. Although daily administration of
altrenogest at a dose of 0.044 mg/kg bwt is very efficacious for
suppressing oestrus in mares (Squires et al. 1979; Webel and
Squires 1982), its expense, need for long-term daily
administration, and safety risks for personnel (particularly
women) during handling and administration (Vanderwall 2012)
are drawbacks to its use. Although there have been
anecdotal reports on the use of synthetic progestins other than
altrenogest for oestrus suppression, none have been found to
be efficacious when rigorously tested (Vanderwall and Nie
2011).

An alternative method of suppressing oestrus that does not
require administration of exogenous progesterone/progestins
is prolonging the function of the CL, which is the endogenous
source of progesterone that naturally keeps mares from
displaying oestrus. In nonpregnant mares, the CL secretes
progesterone for approximately 2 weeks after ovulation and
then stops functioning as a result of endometrial secretion of
prostaglandin F2 (PGF2 ), which causes regression of the CL
(i.e. luteolysis) by destroying the progesterone-producing cells
of the CL. Luteolysis causes progesterone concentrations to fall
and the subsequent return to oestrus. Luteolysis does not occur

in pregnant mares because the embryo blocks secretion of
PGF2 , therefore maintaining continued progesterone
secretion that prevents the mare from coming back into
oestrus. Therapeutically preventing luteolysis to maintain
progesterone secretion from the CL, essentially mimicking
pregnancy, is an alternative method of suppressing oestrus in
mares.

The most common method of prolonging CL function in
mares has been intrauterine insertion of a glass ball (i.e.
marble). Nie et al. (2003) reported that placement of a 25 or
35 mm sterile glass ball into the uterine body immediately
following ovulation resulted in prolonged CL function in 7 of 18
(39%) mares that retained the glass ball (6 of 12 mares expelled
the 25 mm glass ball soon after insertion). In mares that
developed prolonged CL function following placement of the
glass ball, CL function was maintained for approximately 90
days, during which time progesterone concentrations
remained above 1.0 g/l and oestrous behaviour was not
displayed. In nontreated control mares, spontaneous
prolongation of CL function occurred in 4 of 32 (13%) mares.
Although placement of a glass ball appeared to be an
efficacious means of blocking oestrous behaviour for an
extended period, it should be noted that in addition to the 61%
mares that retained the glass ball and never developed
extended CL function, 3 of 7 mares had one or 2 oestrous
cycles of normal duration after placement of the glass ball
before CL function was prolonged. Therefore, on a ‘per cycle’
basis the incidence of prolonged CL function was only 11%
(7/62 cycles) in the mares that received a glass ball compared
to 8% (4/50 cycles) in the nontreated control mares, which was
not significantly different between groups. Although the
original report describing the use of an intrauterine glass ball
for oestrus suppression found no adverse effects of the glass
ball on the endometrium or subsequent fertility (Nie et al.
2003), it is becoming evident there are risks associated with the
use of an intrauterine glass ball for oestrus suppression in mares.
Recently, pyometra associated with long-term retention of a
glass ball was reported (Klabnik-Bradford et al. 2013), and here
we describe a case in which 2 intrauterine glass balls were
identified in a mare. Both glass balls had fragmented and one
had fragmented into multiple pieces.

Case history, clinical findings and treatment
An 8-year-old maiden Quarter Horse mare was presented for
removal of 2 intrauterine glass balls, at least one of which had
apparently fragmented. It was reported by the current owner
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that several years previously one glass ball had been placed
into the mare’s uterine lumen to suppress oestrus and, when
that ball stopped ‘working’, a second glass ball was placed
into the uterine lumen, apparently without knowledge that the
first glass ball was still present in the uterus. Subsequently, the
current owner acquired the mare and made plans to breed
her. In preparation for breeding, the current owner’s
veterinarian examined the mare with transrectal palpation
and ultrasonography, at which time the presence of at least
one intrauterine glass ball was noted. The owner’s veterinarian
made an attempt to retrieve the glass ball transcervically, but
found the cervix to be adhered closed, so the mare was
referred for additional diagnostic evaluation and treatment.

At the time of presentation, palpation and
ultrasonographic examination of the reproductive tract per
rectum revealed the presence of 2 structures consistent with
glass balls in the uterine body (Fig 1). One glass ball appeared
to be intact, while the second structure was irregular and
appeared to be broken. Several other echogenic structures
were identified in the uterine lumen, consistent with multiple
glass fragments. Examination per vagina revealed a
presumptive piece of glass embedded within the cervical
tissue surrounding the external cervical os. When assessed per
vagina, the cervical canal was fibrosed closed. Attempts were
made to manually reduce the cervical adhesions and enter
the uterus, but the mare became uncomfortable and the
attempts were temporarily discontinued. Plans were made to
sedate the mare and perform an endoscopic examination of
the cervix and uterus.

The mare was sedated with 0.01 mg/kg bwt detomidine
hydrochloride (Dormosedan)3, and 0.02 mg/kg bwt
butorphanol tartrate (Torbugesic)3, i.v. Mepivicaine
hydrochloride (20 ml 2%; Carbocaine-V)3 was infused into the
cervical canal to provide local anaesthesia to the cervix. More
aggressive attempts to manually break down the adhesions
around the cervix were successful and access to the uterus
was obtained. Endoscopic examination confirmed the

presence of one largely intact glass ball and a second ball
that had fractured into multiple pieces (Fig 2). Two of the
fractured pieces were removed with a wire snare through the
cervix. However, several small, smooth shards of glass and
the larger intact ball could not be grasped for removal as the
wire snare could not gain traction and repeatedly fell off once
tension was applied. Additional attempts were made to dilate
the cervix, and eventually sufficient cervical dilation was
achieved to allow passage of the examiner’s fingers into
the uterine lumen. The apparently intact glass ball and
approximately 7–10 additional shards of glass were identified
in the uterine body and were removed manually. Following
removal of all the accessible glass, the uterus was re-examined
endoscopically and found to be in remarkably good condition
and free of any gross evidence of glass pieces (Fig 3). The
cervix also was re-examined endoscopically and manually
and was notably improved. Apparently, the embedded
fragment had migrated back into the uterine lumen during
manipulation of the reproductive tract and had been
removed. All of the adhesions had been reduced, resulting in
a patent and palpably normal cervical canal.

Following endoscopy, the mare’s uterus was lavaged with
6 l of sterile saline. No additional pieces of glass were noted in
the fluid that was recovered. Likewise, ultrasonographic
examination of the reproductive tract did not reveal any
evidence of glass fragments remaining in the uterus. The uterus
was prophylactically infused with 2 g of ampicillin sodium
diluted in 60 ml of sterile water. Flunixin meglumine (1 mg/kg
bwt i.v.; Banamine)4 was administered and a topical cream,
consisting of nystatin, neomycin, thiostrepton and
triamcinolone (Animax Ointment)5, was applied to the cervix
prior to discharge. The topical ointment was applied to the
cervix once every 2–3 days for 2 weeks following discharge.

The glass fragments were examined following removal.
There were 2 approximately 35 mm glass balls. The first ball
(blue) was largely intact, with only one relatively small piece
shorn off. The second ball (tan) was in multiple pieces,

a) b)

Fig 1: a) Transrectal
ultrasonographic image showing an
apparently intact glass ball in the
uterine lumen. Arrows point to the
smooth, curved surface. b)
Transrectal ultrasonographic image
showing a second, apparently
fragmented glass ball in the uterine
lumen. Note the irregular, flattened
surface delineated by arrows.
7.5 MHz linear array transducer.
Each marker line equals 1 cm.
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including 3 larger pieces and at least 10 smaller shards (Fig 4).
When all of the glass pieces were reassembled, they
appeared to form 2 complete 35 mm glass balls. However,
particularly for the tan ball, we could not definitively determine
if small pieces still were missing, potentially having been left
behind embedded in the uterine wall.

The owners reported that the mare recovered uneventfully
from the procedure. Two attempts were made to breed the
mare in the year following the glass removal. Breedings were
performed by the referring veterinarian on the farm using
artificial insemination with cooled transported semen from a
fertile stallion under good management. The mare did not
become pregnant after these breedings and was returned to
work under saddle as a Western Pleasure Horse. No additional
reproductive evaluations were performed.

Discussion
This report adds to a growing body of evidence that severe
complications can result from the use of intrauterine glass balls
for oestrus suppression in mares, particularly if they are retained
for a prolonged period of time. It seems plausible that the
mare in this report came to have 2 glass balls in her uterus
because it was assumed the first glass ball had been
spontaneously expelled from the uterine lumen when cyclical
oestrous behaviour returned, leading to the placement of the
second glass ball without knowledge the first ball was still
present in the uterine lumen. The presence of 2 glass balls in the
uterine lumen of a mare has been previously reported
(Vanderwall 2013) and, although both glass balls were intact,
they both showed noticeable pitting on their surfaces when
they were removed. It seems plausible that when 2 balls are
present, repeated contact of the 2 balls within the uterine
lumen eventually results in shearing and fragmentation.
Fragmentation of the glass ball in this mare raises serious
concerns for future fertility, since there is no way to know with

a) b) c)

Fig 2: a) Endoscopic view of the uterine lumen containing an apparently intact glass ball. The ball is encircled by a wire snare. However,
the smooth surface of the ball caused the snare to slide off each time that traction was applied. b) and c) Endoscopic views of the uterine
lumen containing 2 different irregular pieces from the second glass ball. Both pieces are encircled by a wire snare and were successfully
removed from the uterus with the snare.

Fig 3: Endoscopic view of the uterine lumen immediately following
removal of the glass balls and shards. The endometrium appeared
to be in remarkably good condition and there was no gross visual
evidence of any additional glass in either uterine horn or in the
uterine body. The oviduct papilla is visible at the tip of the uterine
horn (arrow).

Fig 4: Glass balls and associated shards removed from the mare’s
uterus. The blue glass ball on the left was largely intact with only
one small piece shorn off. The tan glass ball on the right was in
multiple pieces including 3 larger pieces and multiple smaller
shards.
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certainty that all of the fragments were successfully removed
(particularly very small pieces). If fragments were left behind,
they could impair fertility by serving as a nidus for
inflammation/infection and/or by physically damaging a
conceptus, particularly during the mobility phase of early
gestation.

Although this mare’s problems may have been caused by
the interaction of 2 glass balls in the uterus, even a single glass
ball can result in significant complications, including pyometra
(Klabnik-Bradford et al. 2013) and fragmentation (M. LeBlanc,
personal communication, 2009). Surprisingly, there are
anecdotal reports of mares becoming pregnant despite the
presence of an intact intrauterine glass ball, with some of these
pregnancies going to term, while others have been aborted
presumably due to adverse consequences of the glass ball
(personal communications through the American College of
Theriogenologists List Server).

Because of the spectrum of complications that have now
been associated with the use of intrauterine glass balls
(pyometra, multiple glass balls with fragmentation,
pregnancy/pregnancy failure), it would seem prudent to
re-evaluate the use of these devices for oestrus suppression in
mares. Although the specific complication of glass
fragmentation can be avoided by using a device made of an
alternative material such as plastic (Rivera Del Alamo et al.
2008), it is important to note that regardless of the composition
of the device, if it is not eventually removed (spontaneously or
manually), some mares may retain the device for an extended
period of time (i.e. years), such that its presence in the uterine
lumen may not be known to individuals who do not have
access to the animal’s complete history. This could lead to
other complications such as pyometra, placement of a
second device, breeding in spite of the presence of the ball
etc. Given the potential for severe consequences associated
with the use of intrauterine glass balls for oestrus suppression,
there is a need for other methods of extending CL function
that are practical, efficacious and safe. Alternative methods
of prolonging function of the CL for oestrus suppression
include: 1) oxytocin treatment (Vanderwall et al. 2007);
2) inducing a late-dioestrus ovulation (Hedberg et al. 2006);
3) intrauterine infusion of plant oils (Wilsher and Allen 2011);
and 4) manually terminating pregnancy after maternal
recognition of pregnancy (i.e. after the embryo has blocked
endometrial PGF2 secretion; LeFranc and Allen 2004). For a
complete review of these methods see Vanderwall (2013).
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Clinical Commentary

Techniques to suppress oestrus in mares
T. Katila
Production Animal Medicine, University of Helsinki, Saarentaus, Finland.
Corresponding author email: terttu.katila@helsinki.fi

The case report by Turner et al. (2015) in this issue describes the
identification and removal of 2 intrauterine glass balls, both of
which had fragmented.

The use of glass balls for oestrus suppression is astonishingly
wide spread, although there is little evidence for their efficacy.
In 2 published experiments (Nie et al. 2003; Argo and Turnbull
2010) glass balls (35 mm diameter) were placed into the uterus
of horse or pony mares the day after ovulation; in addition the
mares received intrauterine infusion of antibiotics. Nie et al.
(2003) also used 25 mm glass balls, but half of them were
spontaneously expelled. In this study, luteal function was
prolonged in 11% of cycles (controls 8%) and in 39% of mares
when several cycles were included; 13% of controls had
prolonged function of corpus luteum (CL) during the follow-up
period. The prolongation of luteal function in these mares was
in average 87 days ranging from 76 to 109 days (Nie et al.
2003). Argo and Turnbull (2010) studied several reproductive
parameters and behaviour in 10 pony mares during several
cycles. There were no differences between the controls and
the mares with the intrauterine glass ball in the number of
prolonged cycles (1/12 in both groups), interovulatory interval,
ovarian activity (follicle and CL development), hormone levels
(oestradiol, progesterone, testosterone, luteinising hormone),
sexual receptivity, or uterine oedema.

However, small light plastic balls (diameter 20 mm, weight
3.6 g) inserted into the uterus 2–4 days after ovulation without
antibiotic treatment induced a prolonged luteal phase
(mean length of dioestrus 57 days, interovulatory period 61
days) in 75% of the mares (Rivera del Alamo et al. 2008). This
study also showed that the plastic balls prevented PGF2

release, but it is still unclear through what kind of mechanism
the action of intrauterine devices (IUDs) is mediated to the
endometrium. The purpose of using this kind of IUD was to try
to simulate the embryo, but the IUD did not move much, it
was mainly localised in the bifurcation-body area, and it did
not stimulate uterine contractions (Rivera del Alamo et al.
2008).

Control of uterine infection by antibiotics did not increase
the efficacy (Nie et al. 2003; Argo and Turnbull 2010). On the
contrary, it has been suggested that the action of IUDs could
be due to mild chronic inflammation (Nie et al. 2003).
However, Rivera del Alamo et al. (2008) found no differences in
inflammation between controls, IUD-mares with normal luteal
phase and IUD-mares with prolonged luteal phase. Although
neutrophils are found around the IUD, the aseptic
inflammation may not spread further but remains localised
(Rivera del Alamo et al. 2008).

Nie et al. (2003) also administered cloprostenol
intramuscularly in connection with the ball insertion to prevent
persistent endometritis. This seems contradictory, since
prostaglandin treatments <5 days post ovulation have been
shown to decrease progesterone levels (Mocklin et al. 2006).

Nie et al. (2003) and Argo and Turnbull (2010) inserted the
IUD on the day after ovulation, whereas Rivera del Alamo et al.
(2008) did this 2–4 days after ovulation because the small IUDs
might have been readily expelled through the open cervix. It is
impossible to say if the time of insertion makes a difference.
Uterine manipulations during oestrus are much safer than
during dioestrus. All uterine manipulations during progesterone
dominance have to be performed with strict hygiene. The best
explanation for the action of IUDs is that the physical contact
with the endometrial wall may induce changes in the
epithelial cells and secretion of a substance that plays a role in
the prevention of luteolysis. For some unknown reason, small
light spheres seem to be more effective than the large heavy
ones.

It seems that the efficacy of IUDs is better in young mares:
IUD-treated mares with extended luteal function were younger
(8.3 years) than those without CL prolongation (12.6 years) (Nie
et al. 2003). We have found the same in our subsequent
studies. In addition, the IUD mares with prolonged CL showed
no, or only mild, alterations in their endometrial vasculature. In
contrast, moderate level angiopathies were detected in some
of the mares that did not respond to IUD by CL prolongation,
suggesting that adequate perfusion and drainage of the
endometrium may be important for the IUDs to function
effectively (V. Waltl, unpublished data).

Why do the mare owners wish us to use IUDs in
suppression of oestrous signs? The best explanation for their
presumed efficacy is a placebo effect, which was already
suggested by Nie et al. (2003). In a Norwegian study using
questionnaires sent to mare owners (Taugbøl et al.
1991), ‘nymphomaniac’ trotter mares were treated with
medroxyprogesterone acetate, which did not prevent
oestrous signs in cyclic horse pony mares (Gee et al. 2009).
Despite this, 85% of the mare owners reported some
improvement and 53% of them felt that the mare’s behaviour
had clearly improved. In a similar study carried out in Sweden
(Christensson 1991), questionnaires were sent to owners of
riding horse mares. The mares had been treated with
subcutaneous progesterone implants (1–4 implants 1–4 times)
because of deviant oestrous behaviour. Previously, Allen
(1982) had shown that even with 5 implants administered 4
times, serum progesterone levels of anoestrous pony mares
did not rise to detectable levels. The proportion of positive
opinions was the same in Sweden as in Norway: in 85% some
improvement and in 54% distinctive improvement.

This case report adds one more serious side effect to those
already known. In some cases, the removal of spheres may be
difficult. In our preliminary experiments, we experimented with
a Teflon sphere, which we were never able to remove. In the
necropsy, it was found stuck between endometrial folds.

When a sports mare becomes a brood mare, it may be
sold. Sometimes the owners forget that the mare had received
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an IUD some years ago or they forget to tell the new owner.
There have been cases where mares have been presented for
breeding without any previous knowledge about the
presence of an IUD. If the mare accumulates fluid in the uterus,
the detection of the IUD is not that easy.

I feel that IUDs, and particularly glass balls, should not be
used in oestrus suppression because they are not effective
enough and may lead to serious consequences for the mare’s
future fertility. Having said that, their efficacy may be slightly
better in sports mares than in experimental mares, because
sports mares are younger and do not have degenerative
endometrial changes.

If it is absolutely necessary to use IUDs, then I would advise
to use small light plastic spheres, although these are not
commercially available. We made them ourselves from
polypropylene balls used to control boiling in laboratories. We
filled them with water, which makes them easily detectable by
ultrasonography. Because of their small size they may
be expelled spontaneously during oestrus. This can be
considered as an advantage because the removal process
is avoided, but also as a disadvantage, as the mare may
experience another prolonged luteal phase after an
oestrous period, if the IUD remains in the uterus. When
comparing the results of Nie et al. (2003) and ours, it seems that
the prolongation of CL function was one month longer with the
glass balls as compared to plastic balls. With plastic balls, the
expected period without oestrous signs is only 2 months.
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Case Report

Use of a Baerveldt gonioimplant for secondary glaucoma in
a horse
R. Wilson*, D. D. Dees†, L. Wagner‡, B. E. Monheit§ and D. O’Gan
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Summary
This case report describes the surgical placement of a
Baerveldt glaucoma shunt in the right eye of a 14-year-old
Arabian gelding. The glaucomatous right eye was refractory to
aggressive medical and repeated surgical therapies yet
maintained functional vision. Despite the need for intensive
post operative management and continued daily topical
therapy, shunt placement surgery was successful at
maintaining normotension and vision for a period of 402 days.
This is the first report of long-term successful glaucoma filtration
surgery in this species. Further studies are warranted to
evaluate long-term success of glaucoma shunt placement in
equine glaucoma cases.

Introduction
Glaucoma is a neurodegenerative ocular syndrome with a
complex pathophysiology (Utter and Brookes 2011).
Glaucoma results from failure of aqueous humour outflow
leading to pathologically elevated intraocular pressure (IOP).
Outflow obstruction can be due to abnormal development of
the drainage pathways (congenital and primary glaucoma),
inflammatory debris, space-occupying intraocular neoplasms,
or post inflammatory changes of the iridocorneal angle
(secondary glaucoma). Secondary glaucoma in the horse is
most commonly associated with uncontrolled equine
recurrent uveitis (ERU). Elevated IOP leads to decreased blood
flow to the eye and inevitable damage to the retina and optic
nerve. Characteristic clinical signs of glaucoma include ocular
pain (blepharospasm), globe enlargement, corneal oedema,
pupillary dilation, lens instability and vision loss. Historically,
equine glaucoma has been considered a rare ocular
condition being reported in only 0.07% of the equine
population as compared to 1.7% in dogs (Brooks 1999; Gelatt
and MacKay 2004). As equine veterinarians become more
familiar with the condition and have greater access to
tonometers, it will likely be more commonly diagnosed.

Therapeutic options for glaucoma include medical and/or
surgical treatments. Commonly both are required for
long-term management. Goals of antiglaucoma therapy are
aimed at increasing aqueous humour outflow or decreasing
aqueous humour production. Other factors to consider are
control of present intraocular inflammation and providing
analgesia for ocular discomfort. Use of many types of
antiglaucoma medications has been reported with varying
success rates. Topical -blockers and carbonic anhydrase
inhibitors decrease aqueous humour outflow and have been
shown to lower IOP in normal equine eyes by 17% and 10%,
respectively (Brooks 1999; Annear et al. 2010). Topical

prostaglandin analogues, which increase aqueous humour
outflow, can lower IOP in normal equine eyes, yet due to
ocular side effects are not currently recommended for
treatment (Cullen and Grahn 2000; Christakis et al. 2013).
Although these medications have been evaluated in normal
equine eyes, experimental data in glaucomatous eyes is not
currently available. Retrospective case studies have shown
that long-term success with medical management alone
typically had a poor outcome (Pickett and Ryan 1993; Cullen
and Grahn 2000).

Surgical treatment of glaucoma, similar to medical
therapy, focuses on decreasing aqueous humour production
or increasing its outflow and is typically employed when
medical therapies are ineffective at maintaining a normal
IOP. Reduction of aqueous humour production can be
achieved by destruction of the aqueous humour producing
ciliary body epithelial cells. Application of laser energy or
extreme cold (cryotherapy) can be utilised for ciliary body
destruction. Cryotherapy was shown to be successful in
temporarily lowering IOP; however, resultant severe post
operative uveitis makes this modality less attractive in visual
eyes (Davidson et al. 2002). Trans-scleral diode laser
cyclophotocoagulation (TSCPC) has been shown to
decrease IOP by 20% in normal horses which may not be
sufficient when significantly increased pressure is present
(Kuonen Cavens et al. 2012). Annear et al. (2010) found that
only 64% of horses affected by glaucoma that were treated
with TSCPC had normal IOP when they were evaluated
20–68 weeks post operatively. Endoscopic diode laser
cyclophotocoagulation is a newer modality showing promise
in small animal ophthalmology; however, its effectiveness in
glaucomatous equine eyes has yet to be determined
(Fellenbaum et al. 1995).

Glaucoma shunts designed to facilitate improved
aqueous humour outflow first appeared in the human
literature in 1969 and have become an important tool for
long-term glaucoma management in both humans and dogs
(Molteno 1969). A shunt consists of a silicone tube placed in
the anterior chamber. The tube is attached to an external
plate that is secured to the sclera between extraocular muscle
insertions, typically in the superotemporal or inferonasal
quadrants. Aqueous humour drains from the anterior chamber
through the implant and into the orbital space where it is
resorbed back into systemic circulation.

There are 2 classes of shunts: valved and nonvalved.
Valved shunts (Ahmed) offer the advantage of immediate IOP
control as the valve design is intended to prevent excessive
intraocular fluid loss (hypotony) and permit immediate shunt
function post operatively (Ahmed Shunt1). Nonvalved shunts
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(Baerveldt2) (Molteno 1969) offer the advantage of a lower
profile plate design (less risk of extrusion and exposure) and a
larger plate surface area, which offers better long-term IOP
control (Baerveldt Shunt). The nonvalved implant design
requires fibrotic ‘bleb’ encapsulation of the endplate to
regulate the flow of aqueous humour from the eye. This fibrotic
scar tissue accumulates over the first 4–6 weeks after surgery
and acts like a sieve to prevent excessive intraocular fluid loss.
Until this scar tissue is able to form, the implant tube must be
temporarily partially occluded with absorbable suture
material. This is considered the major disadvantage of shunts
of this type.

Recently, investigators experimentally evaluated the ability
of an aqueous shunt to reduce intraocular pressure in normal
horse eyes (Townsend et al. 2014). In this study, intraocular
pressures were significantly decreased from baseline for the
duration of the study despite fibrotic scarring surrounding the
implants and no vision-threatening complications were
observed. Despite these positive observations, long-term case
studies evaluating the efficacy of filtration surgery in the
glaucomatous equine eye are lacking. This report describes
placement of a Baerveldt glaucoma shunt in the right eye of a
horse that was refractory to traditional medical and surgical
therapies. Surgical technique and long-term follow-up are
described.

Case report
A 14-year-old Arabian gelding was presented with a 9-month
history of chronic recurrent anterior uveitis and uncontrolled
secondary glaucoma of the right eye. Eight months previously,
TSCPC was performed for medically resistant glaucoma;
however, the surgery was only effective at controlling the
elevated IOP for approximately 6 months. At that point, a
second TSCPC procedure was performed, yet appropriate IOP
control was not achieved with multiple pressure spikes

documented (Fig 1). Surgical placement of suprachoroidal
cyclosporine implants was performed in both eyes 5 months
previously for chronic recurrent bouts of anterior uveitis
consistent with equine recurrent uveitis.

On the day of presentation, ophthalmic examination of
the right eye revealed mild hydrophthalmia (globe
enlargement), moderate dorsal and ventral corneal oedema,
multiple Haab striae, mild mydriasis, and atrophy of the upper
corpora nigra (Fig 2a). Slit lamp biomicroscopy (Kowa SL-15)3

showed mild aqueous humour flare, a deep anterior
chamber, incipient anterior cortical cataract, and moderate
posterionasal lenticular subluxation with a temporal aphakic
crescent. Mild aqueous humour flare and an incipient anterior
cortical cataract was noted of the left eye. The nasal and
temporal iridocorneal angles appeared within normal limits.
Indirect ophthalmoscopy (Keeler Vantage)4 revealed slight
generalised tapetal fundic hyperreflectivity and mild optic
nerve cupping of the right eye. Menace response was present,
and dazzle and direct and indirect pupillary light reflexes were
present but sluggish in the right eye and considered normal in
the left eye. IOP estimates via applanation tonometry
(Tonopen XL)5 were 26 mmHg oculus dexter (OD)
and 19 mmHg oculus sinister (OS). Fluorescein staining of
both eyes was negative. Initial medical therapy included
neomycin/polymyxin B/dexamethasone6 OD q.i.d. OS b.i.d.,
diclofenac sodium7 OD q.i.d., atropine sulfate6 1.0% both eyes
q. 24 h, dorzolamide 2.0%/timolol maleate8 0.5% OD t.i.d., and
flunixin meglumine (Banamine9) 1.1 mg/kg per os q. 24 h.

In the month leading up to surgery the case required serial
aqueocentesis to decrease IOP every 5–8 days despite
aggressive medical therapy and previous surgeries. At the time
of these aqueocenteses, the IOP ranged from 45 to 55 mmHg
as determined by applanation tonometry. The most recent
aqueocentesis was performed 4 days prior to the surgical
shunt placement.

Fig 1: This graph illustrates the intraocular pressure estimates of the right eye over time. Trans-scleral cyclophotocoagulation was
performed at Days 34 and 174 (yellow stars). Glaucoma shunt placement was performed at Day 255 (blue star). Note the lack of
intraocular pressure control after the first 2 procedures vs. after shunt placement surgery.
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Due to the poor IOP control, the presence of vision, and
desire to avoid globe removal, a gonioimplantation
procedure was pursued in an attempt to create an alternate
outflow pathway for aqueous humour, re-establish normal
ocular tonometry, and prevent further vision loss. This
procedure was performed as a collaboration between
veterinarians and a medical doctor who routinely performed
this procedure on human patients.

The patient was anaesthetised and placed in left lateral
recumbency. Auriculopalpebral and frontal nerve blocks were
performed using 3 ml of lidocaine10 2% at each site. A
retrobulbar block was performed using 10 ml of lidocaine 2%.

The periocular and ocular tissues were aseptically prepared
with a 1:50 dilution of povidone-iodine. The Baerveldt implant
was prepared by irrigating with balanced salt solution to
ensure patency followed by fully occluding the tube with 8-0
polyglactin 910 (Vicryl)11 at the tube-plate junction. A graft
consisting of donor equine cornea, which had been previously
harvested and frozen, was also prepared. A section, roughly
8 mm 8 mm, of cornea was removed from an intact donor
globe and the epithelium and anterior stroma were dissected
away from remaining stroma and endothelium. The posterior
portion of the cornea was intended for use. Blepharostats
were placed to retract the eyelids. A stay suture was placed
at the 12 o’clock position with 4-0 silk11. At the limbus
superotemporally, a 20 mm peritomy was created and
dissection was carried down to bare sclera (Fig 3). Moderate
haemorrhage was noted during the conjunctival incision and
subconjunctival dissection. This was controlled using topical
epinephrine 1:10,000. A large episcleral pocket was created in
the superotemporal quadrant with Steven’s tenotomy scissors
to allow for placement of the implant baseplate. Because of
limited mobility of the equine globe, the lateral and superior
recti were not isolated with muscle hooks. A Baerveldt implant
(BG101-350)2 was placed in the episcleral pocket created in
the superotemporal quadrant and secured to the sclera as far
posterior as exposure would allow (approximately 8 mm) with 2
simple interrupted sutures using 9-0 nylon (Ethilon)11. The tube
was cut with an upward-facing bevel to appropriate length for
insertion to allow approximately 3–4 mm to extend into the
anterior chamber. Using a 23 gauge needle, a scleral tunnel

a)a)

b)b)

c)c)

Fig 2: Clinical photographs of the glaucomatous right eye. (a) At
initial examination, note the severe diffuse corneal oedema and
mydriatic pupil consistent with elevated intraocular pressure; (b) at
3 months post operatively, note the improved central corneal
oedema and moderate ventral corneal fibrosis and mild
neovascularisation; and (c) at 6 months post operatively, one can
see the overall improvement of corneal oedema and fibrosis
allowing for visualisation of the pupil.

a)a)

b)b)

Fig 3: Intraoperative photographs showing placement of the
Baerveldt implant end plate within the conjunctival incision (a) and
then within the large episcleral pocket created surgically (b).
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was created beginning approximately 3–4 mm posterior to the
limbus and entering the anterior chamber. Once the tube was
inserted, the preformed corneal graft was secured over the
tube with 8-0 polyglactin 910 in a simple interrupted pattern.
The anterior chamber was reformed with balanced salt
solution via paracentesis. The peritomy was closed with 7-0
polyglactin 910 (Vicryl)11 in a simple interrupted pattern.

At the conclusion of the procedure, 0.6 ml
preservative-free dexamethasone sodium phosphate
(Decadron 10 mg/ml)12 was administered intracamerally (into
the anterior chamber). A dorsolateral subpalpebral lavage
system was placed to allow for frequent medication
administration without the need for eyelid manipulation.
Recovery from anaesthesia was uneventful. Post operative
medications included ofloxacin8 OD t.i.d., prednisolone
acetate 1.0%/gentamicin 0.3% (Pred-G)13 OD q.i.d.,
nepafenac 0.1% (Nevanac)14 OD q.i.d., atropine sulfate6 1.0%
OD q. 24 h, dorzolamide 2.0%/timolol maleate8 0.5% OD t.i.d.,
and flunixin meglumine (Banamine)9 1.1 mg/kg per os q. 24 h.
The patient was evaluated 24 h after surgery. At that time
the gelding was sedated with xylazine 150 mg i.v and an
auriculopalpebral nerve block was performed. IOP was
assessed using a Tonopen and was found to be 87 mmHg in
the OD at that time. He was further sedated with Detomidine
3 mg i.v. and butorphanol tartrate 3 mg i.v and aqueocentesis
was performed using a 25 gauge 2.5 cm needle.
Approximately 1.5 ml of aqueous humour was allowed to drain
from the anterior chamber. At 4 days post operatively, there
was moderate dorsal bulbar conjunctival hyperaemia,
moderate diffuse corneal oedema, moderate fibrinous
anterior uveitis, pharmacologic mydriasis, and an applanation
IOP estimate of 26 mmHg. Menace response and dazzle reflex
were present and considered normal. Medications were
continued as previously prescribed. Additional aqueocenteses
were required to relieve increased IOP again 6 and 11 days
post operatively.

Two weeks post operatively, the IOP of the right eye
remained stable at 12 mmHg and there was significant
improvement of the anterior uveitis. However, there was a
medial perilimbal focal anterior stromal corneal ulceration due
to contact of a suture tag with the cornea. Medication
changes included the addition of neomycin/polymyxin
B/bacitracin ointment6 OD t.i.d. and discontinuation of
prednisolone 1.0%/gentamicin 0.3% solution. The remainder of
the prescribed medications was continued. By one month post
operatively, the anterior stromal corneal ulcer and anterior
uveitis had resolved nicely. Where the consolidated fibrin clot
contacted the ventral cornea, moderate endothelial fibrosis
was observed; however, the eye was comfortable and visual
as assessed by menace response. Digital palpation over the
gonioimplant base plate revealed a very shallow, but present,
filtration bleb. Weekly IOP estimates ranged from 13 to
19 mmHg via applanation tonometry. At this point, the
subpalpebral lavage system was removed. Long-term
medications included diclofenac sodium6 0.1% OD b.i.d. and
dorzolamide 2.0%/ timolol maleate 0.5% OD b.i.d.

Three months post operatively, the right eye was visual and
comfortable with an IOP estimate of 9 mmHg. The previously
noted endothelial fibrosis was unchanged except for mild
anterior stromal neovascularisation; however, there now was
mild peripheral full-thickness corneal fibrosis extending from
the 3 o’clock to 9 o’clock positions (Fig 2b). The anterior
chamber was slightly shallow. Also the globe did not appear

hydrophthalmic as noted at all previous examinations. Due to
these changes and a relatively low IOP, early phthisis bulbi was
considered. Approximately 4 months after surgery, an attempt
was made to decrease the frequency of topical
antiglaucoma medications; however, due to an abrupt IOP
spike of 51 mmHg (applanation tonometry), it was decided to
continue the combination topical antiglaucoma medication
indefinitely.

Six and 10 months after surgery, the IOP in the right eye was
stable at 11 mmHg and 20 mmHg, respectively, with no
evidence of active intraocular inflammation. The corneal
fibrosis and central oedema continued to improve and
functional vision was apparent (Fig 2c). Limited fundic
examination revealed slight hyper-reflectivity suggestive of
retinal thinning and mild optic nerve head degeneration. The
gelding remained visual and comfortable with stable IOP a
lack of detectable progressive retinal and optic nerve
degeneration at the time of manuscript submission. Once the
horse was discharged after surgery IOP was measured on the
farm every 2 weeks. Only 2 IOP spikes (IOP >20 mmHg) were
observed within 402 days after placement of the Baerveldt
glaucoma shunt as compared with 13 spikes within the first 255
days since the initial examination.

Discussion
In this report, a severe case of equine secondary glaucoma
was managed with the use of a Baerveldt nonvalved
gonioimplant. To our knowledge, this is the first successful
report of a shunt of this type being used in an equine clinical
case with long-term follow-up. While gonioimplants have been
previously used with success in other species (both man and
small animals) little has been reported of their efficacy in the
horse. Recently Townsend et al. (2014) conducted an
evaluation of a valved shunt in normal horses (Ahmed Model
VFP7)1. They found that the Ahmed shunt lowered intraocular
pressure for a term of 28 days and could represent a viable
therapeutic option in this species. One major concern for the
use of shunts in equine eyes is fibrinous occlusion, which would
have the potential to render the gonioimplant nonfunctional.
Some investigators have hypothesised that due to the horse’s
propensity of fibrin production in the eye, anterior chamber
shunts may be less successful than they are in other species
(Wilkie and Gilger 2004). In Townsend et al.’s study, fibrin was
found surrounding the implant in all eyes when they were
examined histologically 4 weeks after implantation. Despite
this fibrin production, a decrease in IOP was noted in all the
eyes and none of the implants appeared to be functionally
occluded.

The decision to utilise a Baerveldt nonvalved glaucoma
shunt in this case, instead of a valved Ahmed implant, was
made based on numerous factors. The end plate surface area
of the Baerveldt implant used was 350 mm2, which is larger
than the Ahmed valve having an end plate surface area of
184 mm2. Recent human studies show that increased surface
area of the implant end plate leads to improved IOP control
and reduces the need for glaucoma medication post
operatively (Fellenbaum et al. 1995; Lloyd et al. 2004). In
another human study comparing long-term results of both the
Ahmed and Baerveldt glaucoma shunts, researchers found
that both devices were effective in reducing IOP and the
number of antiglaucoma medications needed; however, the
Baerveldt group had a lower failure rate and required fewer
medications (Christakis et al. 2013). Other factors we

© 2015 EVJ Ltd

349EQUINE VETERINARY EDUCATION / AE / JULY 2015



considered were the large size of the equine globe and the
increased volume of aqueous humour needing to be filtered.
Additionally, the absence of the valve as a potential occlusion
site in this known uveitic eye was a factor in selecting the
Baerveldt as the leaflet design of the Ahmed valve is at
particular risk for occlusion from fibrinous exudate or
hyphaema.

All of these factors considered, the Baerveldt implant was
hypothesised to be superior in design and functionality. The
lack of valve, however, prevents the shunt from functioning
initially, risking hypotony, as plate encapsulation is needed to
serve as the shunt’s ‘valve’ (Patel and Pasquale 2010). There is,
therefore, an expected time period (roughly a month) of poor
post operative IOP control while the suture that occludes the
shunt is absorbed. As mentioned previously, at the 3 month
recheck phthisis bulbi was suspected due to clinical signs and
relatively low IOP (less than 10 mmHg). This probably
represented over filtration of the shunt combined with
continued use of topical IOP medications. However,
subsequent recheck examinations disproved this suspicion as
the eye remained visual with IOP’s ranging from 10–20 mmHg.
There is theoretical potential for chronic ocular hypotony and
phthisis bulbi after placement of a nonvalved glaucoma
shunt. If this is suspected, i.e. hypotony remains after
discontinuation of IOP meds and the globe is unstable (shallow
anterior chamber, choroidal effusions or suprachoroidal
haemorrhage) the tube may need to be removed from the
anterior chamber or religated for additional time to allow
plate encapsulation.

An additional discussion point is the use of donor cornea as
a graft. When surgically implanting a shunt, regardless of the
type of device used, the portion of tube that passes from the
plate to the limbus must be covered by a bolstering tissue as to
prevent tube erosion through the conjunctiva, which could
result in exposure and infection risk. Various materials have
been used in human surgical procedures to achieve this
including irradiated pericardium, donor sclera, and, more
recently, donor cornea (Lam et al. 1997). Cornea has become
the tissue of choice for many glaucoma surgeons for several
reasons: it has demonstrated longer viability and less tendency
to thin, or melt, with a longer duration of tube coverage
therefore eliminating long term infection risk. Additionally,
corneal tissue is clear, allowing visualisation of the underlying
tube and improved cosmesis over a white scleral or pericardial
patch (Wigton et al. 2014). The surgeon in this case has used
preserved cornea exclusively for the past 6 years in human
patients and has not had an occurrence of tube exposure
(roughly 350 cases.)

Another important discussion point to consider would be
the previous ocular surgeries performed in this case prior to
placement of the gonioimplant. Two TSCPC procedures and
placement of a suprachoroidal cyclosporine implant had
occurred prior to the surgery described here. There is a
potential that those surgical interventions were additive, in
effect, with the placement of the Baerveldt gonioimplant to
allow for sustained IOP control and retained vision. We think
this was unlikely, however, due to the lack of IOP control in the
preoperative period despite those procedures listed and
appropriate aggressive medicinal therapies. In the future,
descriptions of cases of equine glaucoma managed solely
with use of gonioimplants are greatly needed.

Another potential concern that researchers have had was
if aqueous shunts would easily become dislodged with

exercise, turnout, or trauma in the equine patient. In a
retrospective study in canines with aqueous shunts 4 of 9
patients had extrusion to the implant (Westermeyer et al.
2011). In this particular case, the patient was allowed to return
to very light exercise on a lunge line and hand walking one
month post operatively with no implant extrusion observed. For
reasons unrelated to the eye, the owner and trainer elected
not to try and return the horse to his prior level of use; however,
he has continued to have regular light exercise.

The case described herein required multiple IOP estimates
over the course of treatment. All attempts were made to
standardise recheck examinations with regard to sedation, use
of auriculopalpebral nerve blocks, and head position when
obtaining IOP estimates. Previous studies have shown that
topical anaesthesia, use of i.v. sedatives, and head position
can all significantly affect IOP in the horse (Trim et al.
1985; Komaromy et al. 2006; Holve 2012). However,
auriculopalpebral nerve blockade has not been shown to
significantly affect intraocular pressures (Van der Woerdt et al.
1995). Although these added variables may have caused
slight variation in IOP readings we felt that the overall effect on
IOP estimate accuracy was negligible.

In the case presented, the Baerveldt nonvalved glaucoma
shunt was used successfully, along with continued medical
therapies, to control elevated IOP and retain functional vision
in a glaucomatous equine eye. Immediate post operative
complications included moderate to severe fibrinous anterior
uveitis, elevated IOP as the plate was encapsulating, and
corneal ulceration. The single long-term complication
observed was transient ocular hypotony, however, no vision
threatening side effects were noted from these. Further
long-term case series are warranted evaluating the benefits of
glaucoma shunts in horses.
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Summary
The preceding case report by Wilson et al. (2015) describes the
surgical placement of a Baerveldt glaucoma shunt in a
glaucomatous equine eye that had been refractory to
aggressive medical and repeated surgical therapies yet
maintained functional vision. Shunt placement surgery
successfully maintained vision and intraocular pressure in the
normal range in the affected eye. This is the first report of
long-term successful glaucoma filtration surgery in a horse.
Glaucoma shunt placement shows promise for maintaining
vision and comfort in equine eyes affected with glaucoma.
There is much to be learned in terms of the most appropriate
implant type for the equine eye, the risk of complications such
as ocular hypotony or tube fibrosis, and the utility of
combination therapy with transcleral cyclophotocoagulation
and implant placement, but with the report of one case in
which gonioimplant placement has been associated with
intraocular pressure control for over one year, further
investigations appear warranted. This case provides a glimmer
of hope for long-term treatment of a painful, blinding disease
that has traditionally carried a poor prognosis in horses.

Equine glaucoma is a devastating disease with few effective
treatment options that often results in blindness in affected
eyes (Utter and Brooks 2011). Medical treatment for glaucoma
relies on one of 2 mechanisms: decreasing aqueous
humour production, or increasing aqueous humour outflow.
Carbonic anhydrase inhibitors and -blockers work by the
former mechanism, while prostaglandin analogues and
hyperosmotics work predominantly through the latter. Surgical
interventions use the same 2 mechanisms, with procedures
that damage the ciliary body such as transscleral
cyclophotocoagulation (TSCP) designed to reduce aqueous
humour production, and gonioimplant placement designed
to increase aqueous outflow.

Options for medical therapy are limited for equine
glaucoma patients. The effect of 2% dorzolamide, a topical
carbonic anhydrase inhibitor, on intraocular pressure (IOP) in
normal equine eyes was evaluated in one study using once-
and twice-daily dosing schedules, either alone or in
combination with 0.5% timolol, a topical -blocker (Willis et al.
2001a). In that study, treating one eye of 9 horses with each
drug first once then twice daily, there was a very small but
statistically significant reduction in IOP, <2 mmHg lower than
baseline, with twice daily but not once daily dosing. A more
recent study compared the IOP-lowering effect of an
ophthalmic solution and an ophthalmic ointment formulation
of 2% dorzolamide-0.5% timolol and found no significant
difference between the 2 formulations, and a decrease in IOP

of 13% over baseline (Tofflemire et al. 2014). Brinzolamide is
another topical carbonic anhydrase inhibitor that has been
tested in normal horses, and found to decrease IOP 14% with
once daily dosing and 21% with twice daily dosing (Germann
et al. 2008). Brinzolamide may be better tolerated in horses
because its pH of 7.5 is closer to that of the normal equine
corneal tear film’s pH of 8.33 than dorzolamide’s pH, which
is 5.6. The prostaglandin analogue 0.005% latanoprost
significantly decreased IOP in normal equine eyes in one study
(Willis et al. 2001b) but failed to have a significant effect on IOP
in a second study (Willis et al. 2001b; Davidson et al. 2002). The
pharmacokinetics of the systemic carbonic inhibitor
acetazolamide have been studied in normal horses (Alberts
et al. 2000) but the effect of oral acetazolamide on IOP in
horses has not been evaluated. All of these studies evaluating
the effect of glaucoma medications on IOP in horses have
been performed using horses with normal eyes, not horses with
glaucoma. It is possible that any IOP-lowering effect seen in
normal horses will be magnified in horses with glaucoma, but
until these drugs are tested in horses with clinical disease, this
remains speculation. Retrospective evaluations of the efficacy
of medical therapy in general in horses with glaucoma paint a
very poor prognosis for retention of vision or maintenance of
comfort in glaucomatous equine eyes (Pickett and Ryan 1993;
Cullen and Grahn 2000), but predate the development of
many currently available drugs.

Options for surgical therapy in horses with glaucoma have
historically been limited to cyclodestructive procedures such
as TSCP (Whigham et al. 1999; Annear et al. 2010) and
procedures terminal for vision such as enucleation. TSCP
induces coagulation necrosis of the nonpigmented ciliary
epithelium, which reduces aqueous humour production
and thus IOP (Morreale et al. 2007; Cavens et al. 2012;
Gemensky-Metzler et al. 2014). In one retrospective study of
the use of diode laser TSCP to treat horses with glaucoma, 59%
of patients were reported by owners to be sighted and 64%
were still being treated with topical glaucoma medications at
last follow-up, which ranged from 5 to 126 months (Annear
et al. 2010), suggesting that TSCP can aid in IOP control and
the maintenance of vision in horses with glaucoma.

However, in other species, specifically man and dogs,
gonioimplants have been shown to extend the visual life of
glaucomatous globes (Bentley et al. 1999; Sapienza and van
der Woerdt 2005). Gonioimplants are devices surgically
implanted into glaucomatous globes to divert aqueous
humour from the anterior chamber to the systemic circulation
via a tube placed in the anterior chamber. Gonioimplants
were developed for use in people with glaucoma in the 1970s,
with the first being the Molteno. Gonioimplants may be
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nonvalved, like the Molteno, Schocket and Baerveldt, or
valved, like the Krupin and Ahmed (Assaad et al. 1999). The
Ahmed, a valved implant with a small footplate that allows less
contact with extraocular muscles than other models, is
probably the most commonly used in canine patients. The
Baerveldt, which is a flexible, low profile implant, is unique in
having fenestrations in the body of the footplate that
decrease the size of the bleb, but because it is nonvalved, the
tube may need to be ligated and occluded to prevent post
operative hypotony (Assaad et al. 1999). Complications of
implant surgery include hypotony, increased IOP, plate
instability or erosion, conjunctival melts, valve malfunction,
cataract formation, and endophthalmitis (Assaad et al. 1999).
The use of mitomycin-C to reduce bleb fibrosis is controversial;
while it may improve IOP control, it may also be associated
with a higher incidence of endophthalmitis and conjunctival
erosion over the footplate (Assaad et al. 1999).

In one study of combination therapy with a
cyclodestructive procedure and gonioimplant placement for
dogs with primary glaucoma, 11/19 eyes (58%) remained visual
and 14/19 eyes (74%) had IOP controlled at < 25 mmHg at least
one year post operatively (Bentley et al. 1999). In another
study of combination therapy with TSCP and Ahmed valve
placement in dogs with primary glaucoma, vision was
maintained in 12/29 eyes (41%) and IOP control was achieved
in 39/51 eyes (76%) (Sapienza and van der Woerdt 2005).

A recent study of the feasibility of gonioimplants for
reducing IOP in horses showed that at least in normal equine
eyes and in the short term, gonioimplants can decrease IOP
(Townsend et al. 2014). In that study, IOP was significantly lower
for 28 days following placement of Ahmed shunts in 7 normal
eyes of 4 horses than prior to surgery. The long-term safety and
efficacy of gonioimplants in horses remains to be determined.

The current case report (Wilson et al. 2015) describes the
surgical placement of a Baerveldt glaucoma shunt in a
glaucomatous equine eye that had been refractory to
aggressive medical and repeated surgical therapies yet
maintained functional vision. Selection of a Baerveldt
nonvalved shunt was justified by the larger end plate surface
area and the lack of a valve, which may increase chances of
implant fibrosis. Although vigilant post-operative monitoring
and continued daily topical therapy remained necessary
throughout the follow-up period, which was greater than one
year, shunt placement surgery successfully maintained IOP in
the normal range, and vision in the affected eye. Two prior
TSCP surgeries had failed to achieve IOP control in this patient.
This is the first report of long-term successful glaucoma filtration
surgery in a horse. Glaucoma shunt placement shows promise
for maintaining vision and comfort in equine eyes affected
with glaucoma.

With this one report, equine ophthalmologists can now
cite the literature as a basis for discussing glaucoma shunt
placement in equine cases with glaucoma. There is much to
be learned in terms of the most appropriate implant type for
the equine eye, the risk of complications such as ocular
hypotony or tube fibrosis, and the utility of combination
therapy with TSCP and implant placement, but with the
report of one case in which gonioimplant placement has
been associated with IOP control for over one year, further
investigations appear warranted. This case provides a
glimmer of hope for long-term treatment of a painful, blinding
disease which has traditionally carried a poor prognosis in
horses.
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Original Article

Concurrent proximal suspensory desmopathy and injury of the
proximal aspect of the accessory ligament of the deep digital
flexor tendon in forelimbs or hindlimbs in 19 horses
E. Plowright and S. Dyson*
Centre for Equine Studies, Animal Health Trust, Newmarket, UK.
*Corresponding author email: sue.dyson@aht.org.uk
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Summary
Clinical features of proximal suspensory desmopathy (PSD)
and concurrent injury of the proximal aspect of the accessory
ligament of the deep digital flexor tendon (ALDDFT) have not
been documented. The objectives were to describe clinical
signs and diagnosis. This was a retrospective study. Patient
details, lame limb(s), response to diagnostic analgesia, and
radiographic and ultrasonographic findings were recorded.
PSD and injury of the proximal aspect of the ALDDFT were
identified in 19 horses, 14 with forelimb lameness (unilateral 5,
bilateral 9) and 5 with hindlimb lameness (unilateral 2, bilateral
3). Localising clinical signs were seen in 7/31 lame limbs
(subtle thickening in the region of the ALDDFT [n = 3], pain on
palpation of the body of the suspensory ligament (SL) [n = 6],
heat in the proximal metacarpal or metatarsal region [n = 2]).
Forelimb lameness was abolished by perineural analgesia of
the palmar metacarpal (subcarpal) nerves in 17/23 limbs. In
the remaining limbs intra-articular analgesia of the middle
carpal joint (n = 2) or an ulnar nerve block (n = 4) were required
to eliminate the lameness. Hindlimb lameness was abolished
by perineural analgesia of the deep branch of the lateral
plantar nerve (n = 2) or local infiltration of the proximal plantar
aspect of the metatarsus (n = 3); a tibial nerve block resolved
lameness in the remaining 3 limbs. Lesions of the SL and of the
ALDDFT were characterised ultrasonographically by
enlargement, heterogeneous echogenicity and loss of long
linear echoes in longitudinal images. In 3 horses adhesions
between the ALDDFT and the SL were identified post mortem.
Close apposition of these structures seen ultrasonographically
may indicate adhesion formation. It was concluded that the
clinical features of PSD and concurrent injury of the ALDDFT are
similar to those for PSD alone, highlighting the need for
comprehensive and systematic ultrasonographic assessment.

Introduction
Proximal suspensory desmopathy (PSD) is a common injury in
both forelimbs and hindlimbs of athletic horses, and may occur
unilaterally or bilaterally (Dyson 1994, 1995, 2007). There are
frequently no localising clinical signs and diagnosis is
dependent on the response to local analgesia and
ultrasonographic findings (Dyson 2007). Desmitis of the
accessory ligament of the deep digital flexor tendon (ALDDFT)
has been well documented in forelimbs (Dyson 1991, 2012a;
van den Belt et al. 1993; McDiarmid 1994) and hindlimbs
(Boswell and Schramme 2000; Eliashar et al. 2005; Jorgensen
et al. 2007; Smith and Eliashar 2008; Dyson 2010a), occurring
more commonly in the forelimbs (Dyson 2010b). Although most
injuries of the ALDDFT are associated with palpable swelling,

lesions of the proximal aspect of the ALDDFT often have no
localising clinical signs and diagnostic analgesia is required to
localise the source of pain (Dyson 2012a).

The third interosseous muscle or suspensory ligament
(SL) in both forelimbs and hindlimbs has a major
biomechanical role in supporting the metacarpophalangeal
and metatarsophalangeal joints, respectively (Denoix
1994; Biewener 1998; Birch et al. 2008) and preventing
over-extension. When the palmar angle of the
metacarpophalangeal joint reaches 240°, both the SL and the
ALDDFT, together with the superficial digital flexor tendon,
contribute to the joint’s support (Brown et al. 2003). Under high
loads, the SL also limits the palmar bending of the third
metacarpal bone (Denoix 1994). The ALDDFT in forelimbs
facilitates carpal extension and during the last part of the
stance phase is stretched maximally and contributes to
stabilisation of the distal interphalangeal joint (Denoix 1994).
The biomechanical function of the ALDDFT in hindlimbs is
poorly documented.

To the authors’ knowledge there have been no detailed
reports of concurrent injuries of the proximal aspects of the SL
and the ALDDFT, although this injury combination was
documented in one limb of 45 horses in a magnetic resonance
imaging study (Brokken et al. 2007). The purpose of this
retrospective study was to describe the clinical presentation,
response to diagnostic analgesia and diagnostic imaging
findings in horses with concurrent PSD and injury of the ALDDFT
in forelimbs and hindlimbs.

Materials and methods
Case records of horses examined at the Animal Health Trust
between April 2007 and April 2014 were reviewed and horses
with a diagnosis of PSD and concurrent injury of the proximal
aspect of ALDDFT were included. Age, breed, gender, height,
bodyweight, sports discipline, lame limb(s), duration of
lameness, relevant palpable clinical signs, responses to
diagnostic analgesia and diagnostic imaging findings were
recorded. All examinations were performed by one
experienced clinician (S.J.D.). There was informed owner
consent.

Clinical examination included assessment from the side, in
front and behind in straight lines on a firm surface, lungeing on
soft (waxed sand and rubber, geltrack1) and firm (rolled road
planings) surfaces, and ridden exercise if appropriate.
Lameness was graded on a scale of 0–8 (0 = sound, 2 = mild, 4
= moderate, 6 = severe, 8 = nonweightbearing) (Dyson 2011)
under each circumstance in which the horse was examined.
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Distal limb flexion tests of both forelimbs and proximal limb
flexion tests of both hindlimbs were each performed for 60 s
(Ross 2010).

Diagnostic analgesia was performed in all horses to
localise pain causing lameness (Bassage and Ross 2010).
Horses with forelimb lameness which had had a negative
response to: 1) analgesia of the medial and lateral palmar
digital nerves, 2) medial and lateral palmar nerves (at the level
of the base of the proximal sesamoid bones) and 3) perineural
analgesia of the palmar (at the junction of the proximal
three-quarters and distal quarter of the metacarpus) and
palmar metacarpal nerve blocks (‘low-4-point block’)
subsequently underwent perineural analgesia of the palmar
metacarpal nerves (distal to the carpometacarpal joint
‘subcarpal’) using a lateral approach. If there was residual
lameness perineural analgesia of the ulnar nerve was
performed (n = 4 limbs) or intra-articular analgesia of the
middle carpal joint (n = 2 limbs). The volume of local
anaesthetic solution used is summarised in Table 1. Horses were
reassessed 10 min after injection. Horses with hindlimb
lameness underwent perineural analgesia of the plantar (at
the junction of the proximal three-quarters and distal quarter of
the metatarsus) and plantar metatarsal nerve blocks
(‘low-4-point block’) and then perineural analgesia of the
deep branch of the lateral plantar nerve (n = 2 limbs) or local
infiltration of the proximal plantar aspect of the metatarsal
region (around the SL; n = 3 limbs). If there was residual
lameness, perineural analgesia of the tibial nerve was
performed (n = 3 limbs). On a subsequent occasion
intra-articular analgesia of the tarsometatarsal joint was
performed in all horses (Table 1).

Radiographic examination of the carpus and proximal
metacarpal region (lateromedial [flexed], dorsolateral-
palmaromedial oblique, dorsomedial-palmarolateral oblique,
and dorsopalmar images) or of the tarsus and proximal
metatarsal region (lateromedial, dorsomedial-plantarolateral
oblique, dorsolateral-plantaromedial oblique, and
dorsoplantar images) was performed (Butler et al. 2008a,b).

In the forelimbs, ultrasonographic examination was
performed from the palmaromedial aspect of the carpus and

the palmar aspect of the distal carpal and proximal
metacarpal regions using a variable frequency (8–12 MHz)
linear array (transverse and longitudinal images) and virtual
convex-array (transverse images) transducer (LOGIQ e2). In
the hindlimbs, examination of the distal tarsal and proximal
metatarsal regions was performed from the plantar and
plantaromedial aspects using both a linear array (transverse
and longitudinal images) and a virtual convex-array
(transverse images) variable frequency (8–12 MHz) transducer.
The left and right forelimbs or hindlimbs were examined
routinely and examination included the SL branches.
Examinations were performed 18–24 h after perineural
analgesia, with the limbs bearing weight and semiflexed, with
weight on the toe.

Results
There were 19 horses comprising Warmbloods (n = 10), Irish
Sport Horses (n = 3), Thoroughbred crosses (n = 2),
Thoroughbred (n = 1), Arab (n = 1), Friesian cross (n = 1) and
Irish Draught (n = 1) and ranging in age 5–12 years (mean 7.9
years, median 9 years) (Table 2). There were 15 geldings and 4
mares. Bodyweight ranged 478–674 kg (mean 582 kg, median
604 kg) and height 152–183 cm (mean 166 cm, median
165 cm). Horses were used for dressage (n = 6), eventing (n =
5), general purposes (including unaffiliated competition) (n =
6), showjumping (n = 1) and National Hunt racing (n = 1).
Eleven horses were referred for lameness investigation, and 8
were referred for assessment of poor performance including
inability to perform flying changes, crookedness in canter,
landing on the incorrect lead over a fence, bad behaviour
when ridden, unwillingness to work on the bit, and teeth
grinding. Duration of the current lameness or poor
performance problems ranged from 3 weeks to 3 years (mean
7.7 months, median 3 months) excluding an outlier, which
retrospectively the owner considered had performed poorly
since purchase 7 years previously. Three of the 5 horses with
hindlimb lameness had previously been diagnosed with
bilateral PSD and had undergone bilateral neurectomy of the
deep branch of the lateral plantar nerve and plantar
fasciotomy (Dyson and Murray 2012) at the Animal Health Trust
(time since surgery 6–12 months). All 3 had become sound
after surgery, resumed work progressively and had returned to
their previous level of work for 3 weeks, one and 2 months
respectively before recent recurrence of lameness (unilateral 2
horses, bilateral one horse).

The results presented refer to the limbs with PSD and injuries
of the ALDDFT and the contralateral limb in bilaterally lame
horses; 8 horses with forelimb injuries also had hindlimb
lameness and 2 horses with hindlimb injuries also had forelimb
lameness, the details of which are not described. Fourteen
horses had forelimb lameness (unilateral [n = 5: right forelimb
n = 4, left forelimb n = 1] or bilateral [n = 9]) and 5 horses had
hindlimb lameness (unilateral [n = 2: right hindlimb n = 1, left
hindlimb n = 1] or bilateral [n = 3]). Of the 9 horses with bilateral
forelimb lameness, 4 horses were detectably lame in both
forelimbs before local analgesia; lameness appeared worse
on small circles with the lame forelimb on the outside. The
remaining 5 horses with bilateral forelimb lameness showed
unilateral lameness initially, but when lameness in the lamer
limb was abolished, lameness became apparent in the
contralateral limb. Of the 3 horses with bilateral hindlimb
lameness, bilateral lameness was detectable before local
analgesia when each limb was on the inside of a small circle

TABLE 1: Summary of the volume of local anaesthetic solution used
for perineural and intra-articular analgesia in 19 horses with
proximal suspensory desmopathy and injury of the accessory
ligament of the deep digital flexor tendon

Local analgesic
technique

Volume of 2%
mepivacaine

(ml) Notes

Palmar metacarpal nerve
blocks (lateral
approach)

2 3 Nonweightbearing

Ulnar nerve block 10 Weightbearing
Intra-articular middle

carpal joint
10 Nonweightbearing

Deep branch of lateral
plantar nerve

3 Weightbearing

Local infiltration of the
proximal plantar aspect
of the metatarsus

5 Nonweightbearing

Tibial nerve 20 Weightbearing
Intra-articular

tarsometatarsal joint
3 Weightbearing
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TABLE 2: Summary of patient details, history, clinical features, response to diagnostic analgesia, imaging findings and outcome of 19 horses
with proximal suspensory desmopathy and proximal injury of the accessory of the deep digital flexor tendon

Horse Breed
Age
years Use

Duration of
lameness
or poor

performance
(PP) (months)

Lame
limb(s) Diagnosis

Localising
clinical

signs

Local
analgesia
resulting In
abolition

of lameness
Radiological
abnormalities

Ultrasonographic
abnormalities

Concurrent
lameness Outcome

1 ISH 5 GP 3 RF PSD +
ALDDFTdes

Swelling
region
ALDDFT

Pain body
of SL

Heat
proximal
half MC
region

Subcarpal Mild
opacity
proximomedial
aspect of
McIII

SL: E, H
ALDDFT: E

Retired

2 ISH 6 SJ 2 RF PSD +
ALDDFTdes

Subcarpal NAD SL: E, H, PALE
ALDDFT: E, H,

PALE
Poor separation

SL & ALDDFT

HL PSD H/D

3 ISH 10 Ev 5 RF PSD +
ALDDFTdes

Pain body
of SL

Subcarpal +
IA

analgesia
of middle

carpal
joint

NAD SL: E, H, PALE
ALDDFT: E, H,

PALE

HL PSD Retired

4 Fr X 5 GP 10 RF PSD +
ALDDFTdes

Swelling
region
ALDDFT

Pain body
of SL

Subcarpal +
ulnar

NAD SL: E, H, PLF
palmar to SL

ALDDFT: AA,
abnormal
lateral margin

Poor separation
SL & ALDDFT

Fluid in carpal
sheath

HL
lameness†

Retired

5 WBL 10 Dr 12 PP LF PSD +
ALDDFTdes

Subcarpal Large OCLL
proximal
McII

SL: E, H, PALE
ALDDFT: E, H,

PALE

HL PSD Resting

6 WBL 5 Dr 4 PP RF * PSD +
ALDDFTdes

Subcarpal NAD SL: E, H, PALE
ALDDFT: E, H,

PALE

HL
AL-SLdes

Rest –
lame

LF PSD +
ALDDFTdes

Subcarpal NAD SL: E, H, PALE
ALDDFT: E, H,

PALE
7 TB X 10 GP 2 LF * PSD +

ALDDFTdes
Subcarpal +

ulnar
NAD SL: E, H, PALE,

enthesopathy
at SL origin

ALDDFT: E, H,
PALE

H/D

RF PSD +
ALDDFTdes

Pain body
of SL

Subcarpal +
ulnar

NAD SL: E, H, PALE,
enthesopathy
at SL origin

ALDDFT: E, H,
PALE

8 WBL 6 Dr 9 PP RF * PSD +
ALDDFTdes

Subcarpal NAD SL: E, H, PALE,
enthesopathy
at SL origin

ALDDFT: E, H,
PALE, Irregular
bone at
ALDDFT origin

Poor separation
SL + ALDDFT

Rest –
lame

LF ALDDFT des Subcarpal NAD Irregular lateral
margin
ALDDFT

9 TB X 12 Ev 5 PP RF * PSD +
ALDDFTdes

Subcarpal NAD SL: E, H, PALE
Min. between

SL & ALDDFT
Poor separation

SL & ALDDFT –
adhesions?

Retired

LF ALDDFTdes Subcarpal NAD Min. between
SL & ALDDFT

Poor separation
SL & ALDDFT –
adhesions?

10 WBL 9 Dr 36 LF * PSD +
ALDDFTdes

Subcarpal Ossification
MtII-III &
MtIII-IV

SL: H, PALE
ALDDFT, E, H,

PALE

HL PSD H/D

RF ALDDFTdes Subcarpal NAD ALDDFT: H, PALE
Fluid carpal

sheath
11 WBL 5 GP 1 PP LF * PSD +

ALDDFTdes
Subcarpal +

ulnar
Mild

opacity
proximomedial
McIII

SL: E, H, PALE
ALDDFT: E, H,

PALE,
enthesopathy
at ALDDFT
origin

Fluid carpal
sheath

HL PSD Retired

RF ALDDFTdes Subcarpal NAD ALDDFT: H
12 WBL 5 Dr 1 PP LF * PSD +

ALDDFTdes
Subcarpal NAD SL: E, H, PALE

ALDDFT: E, H,
PALE

Retired

RF PSD Subcarpal NAD SL: E, H, PALE
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Table 2: Continued

Horse Breed
Age
years Use

Duration of
lameness
or poor

performance
(PP) (months)

Lame
limb(s) Diagnosis

Localising
clinical

signs

Local
analgesia
resulting In
abolition

of lameness
Radiological
abnormalities

Ultrasonographic
abnormalities

Concurrent
lameness Outcome

13 WBL 8 Ev 3 RF * PSD +
ALDDFTdes

Subcarpal NAD SL: E, H, PALE,
PLF medial
branch SL

ALDDFT: E, H,
PALE

Poor separation
SL & ALDDFT

HL PSD H/D

LF PSD Subcarpal Moderate
opacity
proximomedial
McIII

Ossification
McII-III &
McIII-IV

Modelling
dorsoproximomedial
3rd CB

SL: E, H, PALE

14 TB 12 R(NH) 7 years PP RF * PSD +
ALDDFTdes

Pain
body
of SL

Subcarpal +
IA
analgesia
of middle
carpal
joint

OCLL ulnar
carpal
bone,
2nd CB,
McII

SL: E, H, PALE
ALDDFT: E, H,

PALE

Retired

LF PSD Pain body
of SL

Subcarpal OCLL ulnar
carpal
bone,
2nd CB,
McII

SL: E, H, PALE

15 WBL 9 DR 2 (6 months
after

surgery)

RH PSD +
ALDDFTdes

Swelling
region
ALDDFT

Heat at
area of
swelling

Subtarsal Mild
opacity
proximomedial
MtIII

Small bone
spur
dorsoproximal
MtIII

Modelling
distodorsal
CTB

SL: E, H, Min &
PLF plantar to
SL

ALDDFT: E, H

H/D

16 WBL 6 Ev 3 weeks
(6 months

after
surgery)

LH PSD +
ALDDFTdes

Subtarsal +
tibial

NAD SL: E, H, PALE
ALDDFT: E, H,

PALE
Poor separation

SL & ALDDFT –
adhesions?

FL foot
pain†

H/D

17 WBL 10 Ev 1
(12 months

after
surgery)

RH * PSD +
ALDDFTdes

Subtarsal +
tibial

Small bone
spur
dorsoproximal
MtIII

Modelling
distodorsal
CTB

SL: E, H
ALDDFT: H
Poor separation

SL & ALDDFT –
adhesions?

Retired

LH PSD +
ALDDFTdes

Subtarsal NAD SL: E, H
ALDDFT: PALE
Poor separation

SL & ALDDFT –
adhesions?

18 ID 6 GP 6 PP LH * PSD +
ALDDFTdes

Subtarsal +
tibial

Narrow
centrodistal
joint

Modelling
distodorsal
CTB

Reduced
radiopacity
3rd TB
and CTB

SL: H, PALE, PLF
lateral branch
SL

ALDDFT: E, H,
PALE

Fluid tarsal
sheath

H/D

RH PSD Subtarsal Narrow
centrodistal
joint

Modelling
distodorsal
CTB

Reduced
radiopacity
3rd TB
and CTB

SL: H, PALE

19 Arab 11 GP 36 PP LH * PSD +
ALDDFTdes

Subtarsal NAD SL: E, H, PALE
ALDDFT: E, H,

PALE
Poor separation

SL & ALDDFT

FL
chondrocoronal
+
collateral
sesamoidean
desmitis

H/D

RH PSD Subtarsal Modelling
dorsoproximal
MtIII

Modelling
distodorsal
CTB

SL: E, PALE

ALDDFT, accessory ligament of the deep digital flexor tendon; ALDDFTdes, desmitis of the accessory ligament of the deep digital flexor tendon; AL-SLdes, desmitis of the accessory ligament
of the suspensory ligament; CB, carpal bone; CTB, central tarsal bone; Dr, dressage; E, enlarged; Ev, eventing; Fr X, Friesian cross; GP, general purpose; H, hypoechoic; H/D, humanely
destroyed; IA, intra-articular; ID, Irish Draught; ISH, Irish Sports Horse; LF, left fore; LH, left hind; McII, III, IV, second, third and fourth metacarpal bones; Min, mineralisation; MtIII, third metatarsal
bone; NAD, no abnormality detected,OCLL, osseous cyst-like lesion; PALE, Poor alignment of linear echos; PLF, Periligamentous fibrosis; PSD, Proximal Suspensory Desmopathy; R(NH),
National Hunt Racing; RF, right fore; RH, right hind; SJ, Show jumping; SL, suspensory ligament; TB, tarsal bone; TB, Thoroughbred; TBX, Thoroughbred cross; WBL, Warmblood.
* Lamer limb of the two.
† Not investigated.
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CHAMPION       THE CAUSE

Recognizing the early signs of Pituitary Pars Intermedia Dysfunction 
(PPID) can save a horse from a lifetime of suffering. Test for PPID. 
Champion the Cause with the only FDA-approved medication 
for the treatment of clinical signs associated with PPID.

For more information on PPID, visit HealthyHorses.com.

Important Safety Information: PRASCEND is for use in horses only. PRASCEND 
has not been evaluated in breeding, pregnant or lactating horses and may interfere 
with reproductive hormones in these horses. PRASCEND Tablets should not be 
crushed due to the potential for increased human exposure.

Prascend is a registered trademark of Boehringer Ingelheim Vetmedica, Inc. ©2015 Boehringer Ingelheim Vetmedica, Inc.

Full prescribing information available on next page.
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NADA 141-331, Approved by FDA

Prascend®

(pergolide mesylate)
Tablets, 1 mg

Dopamine receptor agonist for oral use in horses only

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

Description: Prascend Tablets are rectangular light red colored, 
half-scored tablets containing 1 mg pergolide, as pergolide 
mesylate. Pergolide mesylate is a synthetic ergot derivative and 
is a potent dopamine receptor agonist. The chemical name of 
pergolide mesylate is 8f-[(Methylthio) methylj]-6-propylergoline 
monomethanesulfonate. The chemical structure is:

Indication: For the control of clinical signs associated with 
Pituitary Pars Intermedia Dysfunction (Equine Cushing’s 
Disease) in horses.

Dosage and Administration: Administer orally at a starting 
dose of 2 mcg/kg once daily. Dosage may be adjusted to 
effect, not to exceed 4 mcg/kg daily. It has been reported that 
pergolide tablets may cause eye irritation, an irritating smell, 
or headache when Prascend Tablets are split or crushed. 
Prascend Tablets should not be crushed due to the potential 
for increased human exposure and care should be taken to 
minimize exposure when splitting tablets.

The tablets are scored and the calculated dosage should be 
provided to the nearest one-half tablet increment (see Table 1).

Table 1 Dosing Table

Body weight

Dosage 

2 mcg/kg             4 mcg/kg

136 - 340 kg 
(300 - 749 lb)

0.5 tablet 1 tablet

341 - 567 kg 
(750 - 1,249 lb)

1 tablet 2 tablets

568 - 795 kg 
(1,250 - 1,749 lb)

1.5 tablets 3 tablets

796 - 1,022 kg 
(1,750 - 2,249 lb)

2 tablets 4 tablets

Dosing should be titrated according to individual response to 
therapy to achieve the lowest effective dose. Dose titration is 
based on improvement in clinical signs associated with Pituitary 
Pars Intermedia Dysfunction (PPID) and/or improvement or 
normalization of endocrine tests (for example, dexamethasone 
suppression test or endogenous ACTH test). If signs of dose 
intolerance develop, the dose should be decreased by half for 
3 to 5 days and then titrated back up in 2 mcg/kg increments 
every 2 weeks until the desired effect is achieved.

Contraindications: Prascend is contraindicated in horses with 
hypersensitivity to pergolide mesylate or other ergot derivatives.

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

Human Warnings: Not for use in humans. Keep this and all 
medications out of the reach of children. Prascend should not 
be administered by persons who have had adverse reactions 
to ergotamine or other ergot derivatives. Pregnant or lactating 
women should wear gloves when administering this product. 
It has been reported that pergolide tablets may cause eye 
irritation, an irritating smell, or headache when Prascend Tablets 
are split or crushed. Prascend Tablets should not be crushed due 
to the potential for increased human exposure and care should 
be taken to minimize exposure when splitting tablets. Consult a 
physician in case of accidental ingestion by humans.

Precautions: Treatment with Prascend may cause inappetance.

The use of Prascend in breeding, pregnant, or lactating horses 
has not been evaluated. The effects of pergolide mesylate on 
breeding, pregnant, or lactating horses are not known; however, 
the pharmacologic action of pergolide mesylate suggests that it 
may interfere with reproductive functions such as lactation.

Prascend is approximately 90% associated with plasma 
proteins. Use caution if administering Prascend with other 
drugs that affect protein binding. Dopamine antagonists, 
such as neuroleptics (phenothiazines, domperidone) or 
metoclopramide, ordinarily should not be administered 

concurrently with Prascend (a dopamine agonist) since these 
agents may diminish the effectiveness of Prascend.

Adverse Reactions: A total of 122 horses treated with 
Prascend Tablets for six months were included in a fi eld study 
safety analysis.

Table 2 Summary of the most common 
adverse reactions (N=122)

Clinical sign # Cases Cases (%)

Decreased appetite 40 32.8

Lameness 22 18.0

Diarrhea/Loose stool 12 9.8

Colic 12 9.8

Lethargy 12 9.8

Abnormal Weight Loss 11 9.0

Laminitis* 10 8.2

Heart murmur 10 8.2

Death 8 6.6

Tooth disorder 8 6.6

Skin abscess 7 5.7

Musculoskeletal pain 6 4.9

Behavior change 6 4.9

*Three new cases and 7 pre-existing, recurring cases

Inappetance or decreased appetite occurred at one or more 
meals in 40 of 122 horses treated with Prascend. At the 
baseline evaluation 1.6% of owners reported a history of 
inappetance or decreased appetite as compared to the 32.8% 
of horses that experienced inappetance or decreased appetite 
during the study. Most cases of inappetance were transient 
and occurred during the fi rst month of treatment; however, 
some horses experienced sporadic inappetance throughout the 
study. Two horses required a temporary reduction in dose due 
to inappetance during the fi rst month of the study. Both horses 
returned to their original dose within 30 days.

Weight loss occurred in more than half of the horses in this 
study; however, weight loss that was considered abnormal was 
only reported in 11 horses.

Lethargy was reported in 9.8% of horses during the study, and 
was not reported in any horses at the baseline evaluation.

Behavioral changes were noted in 6 horses including 
aggression, kicking, agitation, nervous behavior and increased 
activity. One horse required a temporary reduction in dose due 
to energetic behavior during the fi rst month of the study.

Eight horses died or were euthanized during the study due to 
worsening of pre-existing conditions (laminitis, dental disease, 
septic tenosynovitis) or colic (strangulating lipomas, large colon 
volvulus).

One mare was inadvertently enrolled in the study while 
pregnant and experienced dystocia resulting in the death of 
the foal.

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

Clinical Pharmacology: Pergolide mesylate is a synthetic 
ergot derivative and is a potent dopamine receptor agonist. As 
with other dopamine agonists, pergolide inhibits the release of 
prolactin which suggests that it may interfere with lactation. In 
horses with PPID, pergolide is believed to exert its therapeutic 
effect by stimulating dopamine receptors, and has been shown 
to decrease the plasma levels of adrenocorticotropic hormone 
(ACTH), melanocyte stimulating hormone (MSH), and other pro-
opiomelanocortin peptides.1

Pharmacokinetic information in the horse is based on a 
study using single oral doses of 10 mcg/kg in six healthy 
mares between 3 and 17 years of age.2 Pergolide was 
rapidly absorbed; the mean maximum concentration (Cmax) 
was 4.05±2.02 ng/mL with the median time to maximum 
concentration (Tmax) being 0.415 hours.

The area under the curve (AUC) was 14.08±7.46 hr·ng/mL. The 
mean half life (T1/2) was 5.86±3.42 hours; the mean apparent 
oral clearance (CL/F) was 1204 mL/kg/hr; and the mean 
apparent volume of distribution (V/F) was 3082±1354 mL/kg.

Effectiveness: An open-label, historical control, fi eld study 
evaluated the effectiveness of Prascend for the control of clinical 
signs of PPID. A total of 122 horses with PPID were enrolled 
in the study, 113 of which were included in effectiveness 
evaluations. The success of each horse was based on results 
of endocrinology testing (dexamethasone suppression test or 
endogenous ACTH test) and/or improvement in clinical signs 
related to PPID (hirsutism, hyperhidrosis, polyuria/polydypsia, 
abnormal fat distribution, and/or muscle-wasting) on the Day 
180 evaluation. Based on endocrine testing and investigators’ 
clinical assessment scores, 86 (76.1%) of the 113 evaluable 
cases were treatment successes.

Table 3 Proportion of Treatment Successes on 
Day 180

Percent success
Lower bound: one-sided 
95% confi dence interval

76.1% (86/113) 68.6%

Enrolled horses were diagnosed with PPID based on the 
presence of hirsutism and an abnormal pre-study endocrine 
test result. All horses were treated with 2 mcg/kg Prascend (to 
the nearest one-half tablet) orally once daily for the fi rst three 
months. If the endocrine test result on Day 90 was normal 
or adequately improved, the horse continued on the same 
dose through Day 180. If the endocrine test result on Day 90 
was abnormal, the dose increased to 4 mcg/kg given once 
daily through Day 180. Forty-seven (41.6%) of the 113 horses 
included in the effectiveness database required a dose increase 
at Day 90. Improvement was noted in scores for all clinical sign 
categories and in mean results for endocrine tests.

Table 4 Percent of Animals with Improvement in Clinical 
Signs Relative to Baseline Scores

Clinical sign
Day 90±7 

(%)
Day 180±7 

(%)

Hirsutism 32.7% 89.2%

Hyperhidrosis 27.4% 42.3%

Polyuria / polydypsia 31.0% 34.2%

Abnormal fat distribution 21.2% 33.3%

Muscle wasting 36.3% 46.0%

Table 5 Endocrine test results (mean values)

Test # Animals Baseline Day 90 Day 180

ACTH 
(pg/mL)

20 73.53 51.12 45.08

DST** 
(mcg/dL)

93 3.12 1.39 1.47

** Dexamethasone suppression test: Post dexamethasone 
cortisol concentration

Animal Safety: In a six month target animal safety study healthy 
adult horses received Prascend administered orally, once daily, 
at doses of either 0 mcg/kg, 4 mcg/kg, 6 mcg/kg, or 8 mcg/kg 
(0X, 1X, 1.5X, or 2X the maximum recommended dose). There 
were eight healthy horses (four males and four females) in each 
treatment group. Doses were prepared by dissolving tablets in 
approximately 10 mL of a 50% sugar water solution.

Prascend treated groups had lower mean heart rates and 
higher mean temperatures than the control group. Horses in all 
treatment groups had minimum heart rates within the normal 
range and maximum temperatures below 101.5°F. One 1.5X 
horse experienced a mild episode of spasmodic colic on Day 3 
that resolved after treatment with fl unixin meglumine.

Mean red blood cell counts and hemoglobin values were lower 
in Prascend treated groups as compared to the control group. 
Other hematology parameters including hematocrit, white 
blood cells, absolute neutrophils, and absolute lymphocytes 
exhibited mild, transient decreases as compared to the control 
group. The hematology parameters generally decreased 
over the fi rst 30 to 60 days after treatment initiation and then 
returned to values similar to pre-treatment levels. No treatment 
related alterations were identifi ed on histopathology evaluation 
of bone marrow.

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

How Supplied: Prascend (pergolide mesylate) Tablets are 
available in 1 mg strength - packaged 10 tablets per blister and 
60 or 160 tablets per carton. 
NDC 0010-4489-01 -60 tablets 
NDC 0010-4489-02 -160 tablets
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on the lunge (one horse) and ridden (all 3 horses). In
unilaterally lame horses, lameness was consistently worse on a
circle with the lame forelimb on the outside, but varied
depending on the circle diameter in hindlimbs.

Localising clinical signs were apparent in 7 of the 31 lame
limbs including thickening in the region of the ALDDFT in the
proximal metacarpal region, apparent only by careful
palpation (n = 2 forelimbs, n = 1 hindlimb), pain on palpation of
the body of the SL (n = 6 forelimbs), heat in the proximal
metacarpal or metatarsal region (n = 1 forelimb, n = 1 hindlimb;
Table 2). Poor foot conformation was present in 18 of the 31
lame limbs including narrow and upright feet (n = 7 forelimbs),
mediolateral imbalance (n = 7 forelimbs), long toe and low
heel (n = 5 forelimbs, n = 2 hindlimbs). Three horses with forelimb
lameness had one front foot taller and narrower than the
contralateral foot; this corresponded to the lame(r) limb. Two
horses with unilateral hindlimb lameness and one with bilateral
hindlimb lameness had ipsilateral atrophy of the gluteal
muscles on the side of the lame(r) limb.

Median lameness grade in straight lines, in hand on a firm
surface was 2/8 for both forelimb and hindlimb lameness
(range 1–5 for forelimbs; 2–6 for hindlimbs). At trot on the lunge
on a soft surface, horses with forelimb lameness were
consistently lamer with the lame limb on the outside of the
circle (median 4/8, range 1–6); horses with hindlimb lameness
were mildly worse with the hindlimb on the inside of the circle
(median 3/8, range 1–3). When ridden around the perimeter of
a 60 m 20 m arena there was no consistent pattern of
forelimb or hindlimb lameness, but in 10 m diameter circles
lameness grade ridden increased by 1–2 grades compared
with on the lunge, usually with the lame(r) forelimb on the
outside of the circle and the lame(r) hindlimb on the inside of
the circle. Distal limb flexion of the forelimbs did not alter the
lameness. Proximal limb flexion of the hindlimbs of 3 horses
could not be performed because of the horses’ difficult
behaviour. Proximal limb flexion of the hindlimbs exacerbated
the lameness in 4 limbs, resulted in increased lameness in the
contralateral limb in one limb and did not change the gait in
3 limbs (including one nonlame hindlimb).

No horse with forelimb lameness showed improvement
after perineural analgesia of the palmar digital nerves, palmar
(at the base of the proximal sesamoid bones) blocks, or a
‘low-4-point block’ of the lame limb(s). There was resolution of
lameness in 17 of 23 forelimbs after palmar metacarpal
(subcarpal) nerve blocks (Table 2). Lameness was improved
approximately 50% by palmar metacarpal (subcarpal) nerve
blocks in the remaining 6 limbs, but to abolish the lameness an
ulnar block was needed in 4 limbs or the addition of
intra-articular analgesia of the middle carpal joint (2 limbs). In
2 horses in which palmar metacarpal (subcarpal) nerve blocks
and intra-articular analgesia of the middle carpal joint were
required to abolish lameness, intra-articular analgesia of the
middle carpal joint was performed alone on a separate
occasion. In both horses there was approximately 60%
improvement in the baseline lameness. None of the other
horses underwent intra-articular analgesia of the middle
carpal joint. Eight of the 14 horses with unilateral or bilateral
forelimb lameness also showed a bilateral hindlimb lameness
(bilateral hindlimb PSD n = 6 [data not included in this study],
desmitis of the accessory ligament of the suspensory ligament
n = 1, not investigated at owner’s request n = 1).

No horse with hindlimb lameness showed improvement
after a ‘low-4-point block’ of the lame limb(s). Lameness was

abolished in 5 of the 8 limbs after local infiltration of local
anaesthetic solution (n = 3) or perineural analgesia of the
deep branch of the lateral plantar nerve (n = 2) and there was
approximately 50% improvement in lameness in the remaining
3 limbs; residual lameness was abolished by a tibial nerve
block. No improvement in lameness was seen after
intra-articular analgesia of the tarsometatarsal joint performed
on a subsequent occasion in any horse. Two of the 5 horses
with hindlimb injuries also showed forelimb lameness (foot pain
associated with injuries of the chondrocoronal and collateral
sesamoidean ligaments, n = 1; not investigated at owner’s
request, n = 1).

No significant radiological abnormality was detected in 16
of the 23 lame forelimbs (Table 2). In the remaining 7 forelimbs
abnormalities included increased opacity of the proximal
aspect of the third metacarpal bone (n = 3), ossification
between the second and third and fourth and third
metacarpal bones (n = 2), and incidental osseous cyst-like
lesions in the ulnar carpal bone, second carpal bone, second
and/or third metacarpal bones (n = 3). No significant
radiological abnormality was seen in 3 of the 8 lame hindlimbs.
In 5 hindlimbs abnormalities included increased opacity in the
proximolateral aspect of the third metatarsal bone (n = 1), an
osseous spur on the dorsoproximolateral aspect of the third
metatarsal bone (n = 2), narrowing of the centrodistal joint
space (n = 2), reduced radiopacity of the subchondral bone
of the third tarsal bone and of the central tarsal bone (n = 2),
and mild modelling of the dorsodistal aspect of the central
tarsal bone (n = 5).

Lesions of the SL and of the ALDDFT were characterised
ultrasonographically by enlargement, heterogeneous
echogenicity and loss of long linear echoes in longitudinal
images in the proximal one-third to half of their length
(Figs 1–5) (Table 2). Sixteen of 23 lame forelimbs and 6 of 8
lame hindlimbs had concurrent PSD and desmitis of the
ALDDFT. Proximal suspensory desmopathy alone was present in
3 forelimbs and 2 hindlimbs (in the less lame limb of bilaterally
lame horses). Proximal injuries of the ALDDFT alone were
diagnosed in 4 forelimbs (in the less lame limb of bilaterally
lame horses) but were not seen in any hindlimb. Of the 3 horses
with recurrent hindlimb lameness after neurectomy of the
deep branch of the lateral plantar nerve and plantar
fasciotomy, 2 had recurrent PSD and desmitis of the ALDDFT
unilaterally and one bilaterally (4 limbs). Adhesions between
the SL and the ALDDFT had been suspected in one horse at the
initial pre-surgery examination (Fig 5a) although at that time
the ALDDFT had appeared normal. In the forelimbs additional
observations included 3 limbs with an abnormal amount of
fluid in the carpal sheath (Fig 1), 2 with mineralisation within the
SL, and 3 with irregularities of the third metacarpal bone at
the SL origin. There was periligamentous fibrosis around the
branches of the SL in one lame limb. Two limbs had an irregular
margin of the ALDDFT, and 2 had irregularities of the third
carpal bone at the ligament’s origin. There was no space
between the 2 ligaments in 6 of the 16 affected forelimbs with
both PSD and desmitis of the ALDDFT and in 2 of these there
were strong suspicions of adhesion formation. In the hindlimbs
additional observations included 2 limbs with periligamentous
fibrosis around the SL branches, one horse had dystrophic
mineralisation plantar to the accessory ligament of the SL
(Fig 4c) and one had an abnormal amount of fluid in the tarsal
sheath. There was no space between the 2 ligaments in 4 of
the 6 limbs with PSD and desmitis of the ALDDFT (Figs 3 and 5);
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in 3 of these limbs there were suspicions of adhesions between
both ligaments. The SL and ALDDFT appeared normal in the
nonlame forelimbs and hindlimbs.

Ten horses had complex clinical presentations with
additional injuries in other limbs contributing to poor
performance, 3 of which were retired without treatment, 5
were humanely destroyed and one horse was rested, but
remained lame 12 months after diagnosis. One horse is
convalescing after injection of a forelimb ALDDFT and SL with
platelet rich plasma and surgical management of hindlimb
PSD. Of the other 9 horses that had only forelimbs or only
hindlimbs affected with PSD and desmitis of the ALDDFT, 5 were

retired without treatment, 3 were humanely destroyed, and
one was rested and remained lame 18 months after diagnosis.

Gross post mortem examination was performed on 3
horses with PSD and desmitis of the ALDDFT (Horses 7, 16 and
18). One horse with bilateral forelimb injuries had enlargement
and discolouration of both the medial and lateral lobes of the
SL. The proximal aspect of the ALDDFT was enlarged and had
a gristly, nodular texture in the lamer forelimb and was more
normal in appearance in the other forelimb. There were
adhesions between the SL and ALDDFT bilaterally, more
extensive in the lamer limb. Both horses with hindlimb PSD and
desmitis of the ALDDFT had tough adhesions between the

Fig 1: (a) Transverse image (palmar to the top and medial to the left) acquired 7 cm distal to the accessory carpal bone and (b, c)
longitudinal images (proximal to the left and palmar to the top) acquired from the palmar aspect of the carpus (b, to the left) and proximal
aspect of the metacarpal region (b, to the right and c), respectively. This was the left forelimb of a 5-year-old Warmblood used for general
purposes (Horse 11). The accessory ligament of the deep digital flexor tendon is enlarged and diffusely hypoechoic proximally from its
origin on the palmar aspect of the third carpal bone (arrows); the fibres continuing from the palmar carpal ligament appear normal. The
medial lobe of the suspensory ligament is enlarged and hypoechoic dorsally (arrowheads). There is increased amount of fluid in the carpal
sheath (*). DDFT = deep digital flexor tendon.

Fig 2: (a) Transverse image (palmar to the top and medial to the left) acquired 7 cm distal to the accessory carpal bone and (b)
longitudinal images (proximal to the left and palmar to the top) acquired from the palmar aspect of the carpus (to the left) and proximal
aspect of the metacarpus (to the right), respectively. This was the right forelimb of a 5-year-old Warmblood dressage horse (Horse 6). The
accessory ligament of the deep digital flexor tendon is hypoechoic with complete loss of long linear echoes in longitudinal images
proximally from its origin on the palmar aspect of the third carpal bone (arrows). The suspensory ligament has a convex palmar border
and is diffusely hypoechoic dorsally (arrowhead). DDFT = deep digital flexor tendon; SDFT = superficial digital flexor tendon.
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ALDDFT and the SL, which were more substantial and extensive
in the lame(r) limb (Fig 6); one horse also had moderate
adhesions at the same level between the superficial digital
flexor tendon and the ALDDFT.

Discussion
To our knowledge this is the first detailed description of
concurrent PSD and desmitis of the ALDDFT. In the 3 horses that
had undergone previous surgery it was clear that PSD
preceded injury of the ALDDFT, and pre-existing adhesions
between the SL and the ALDDFT may have been a factor
resulting in subsequent injury of the ALDDFT in 2 of these. In the
other horses the sequence of events is difficult to determine. It
is conceivable that the same biomechanical loads may have

contributed to concurrent injuries; alternatively one injury may
have occurred prior to the other. The presence of focal
mineralisation in the SL or between the SL and the ALDDFT may
imply chronicity of injury, sometimes predating the recognition
of lameness. Although poor foot conformation was identified
in 58% of lame limbs, no causal association between injury and
foot imbalance can necessarily be inferred. In 3 horses with
forelimb lameness the foot of the lame(r) limb was taller and
narrower than the contralateral limb, which is likely to be a
reflection of chronic lameness.

Based on the severity of the ultrasonographic
abnormalities of the SL and the ALDDFT, it was considered likely
that pain from both structures contributed to lameness. In
those horses with hindlimb lameness and recurrent PSD, the

Fig 3: (a) Transverse image (plantar to the top and medial to the left) obtained 3 cm distal to the tarsometatarsal joint and b) longitudinal
image (proximal to the left) of the proximal aspect of the metatarsal region of the left hindlimb of a 6-year-old general purpose (hunting)
Warmblood (Horse 18). The accessory ligament of the deep digital flexor tendon (ALDDFT) is enlarged, diffusely hypoechoic and has
multiple short linear echoes in the longitudinal images (arrows). The suspensory ligament (SL; arrow) and the distal aspect of its accessory
ligament (black arrows) are enlarged, with reduced space between them and the ALDDFT. The SL has a diffuse reduction in echogenicity
with short linear echoes in the longitudinal image proximally (arrowhead). DDFT = deep digital flexor tendon.

Fig 4: Transverse images (plantar to the top and medial to the left) obtained (a) 3 cm and (c) 1 cm distal to the tarsometatarsal joint and
(b) longitudinal image (proximal to the left) of the proximal aspect of the metatarsal region of the right hindlimb of a 9-year-old
Warmblood dressage horse (Horse 15). The accessory ligament of the deep digital flexor tendon (ALDDFT) is enlarged, diffusely
hypoechoic and has multiple short linear echoes in the longitudinal image (arrows). The suspensory ligament is enlarged with a large
proportion of the cross-sectional area having marked loss of echogenicity (arrowhead). In (c) there is a linear hyperechogenic line
(double arrows) casting an acoustic shadow, reflecting dystrophic mineralisation plantar to the accessory ligament of the suspensory
ligament. DDFT = deep digital flexor tendon.
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ultrasonographic appearance of the SL had deteriorated
when lameness was reinvestigated compared with
reassessment 2 months after surgery, in addition to the
development of lesions of the ALDDFT. It has been suggested
that high-field magnetic resonance imaging is superior to
ultrasonography for assessment of hindlimb PSD (Labens et al.
2010), although this is not consistent with the authors’
observations. It is conceivable that lesions of the ALDDFT may
have been missed preoperatively, although retrospective
review of the ultrasonographic images does not support this.

As with many horses with PSD (Dyson 2007) or proximal
lesions of the ALDDFT (Dyson 2012a) there were often no
localising clinical signs and diagnosis was reliant on the
response to diagnostic analgesia and ultrasonography. The
clinical features identified in this study were similar to those of
PSD alone or isolated lesions of the proximal aspect of the
ALDDFT, especially the lameness characteristics (Dyson 2007,
2012a). Although forelimb lameness was consistently worse
with the lame limb on the outside of a circle, in hindlimbs
lameness varied according to the circle diameter, which is also
consistent with PSD (Dyson 2007) and presumably reflects the
way in which the SL and ALDDFT are loaded.

In the current study the responses to diagnostic analgesia
were variable. Although there have been several descriptions
of nerve distribution and response to local analgesia in the
metacarpal region (Sack 1975; Denoix and Tapprest 1992; Keg
et al. 1992), innervation of the ALDDFT has not been well
described. It was suggested that perineural analgesia of the
palmar nerves, not the palmar metacarpal nerves, should
improve pain associated with the ALDDFT (Denoix and
Tapprest 1992). Presumably resolution of forelimb lameness
associated with PSD and injury of the proximal aspect of the
ALDDFT after perineural analgesia of the palmar metacarpal
nerves is due to rapid proximal diffusion of local anaesthetic
solution, as previously demonstrated (Nagy et al. 2012).
Theoretically, blocking the ulnar nerve should not completely
remove pain associated with the proximal aspect of the SL or
the proximal palmar aspect of the third metacarpal bone
because of the contribution of fibres from the median nerve to
the medial and lateral palmar metacarpal nerves. However, in
practice the ulnar nerve block can be particularly useful to
differentiate proximal metacarpal region pain from carpal
pain (Dyson 2010c), and in this study abolished pain causing
lameness associated with both the SL and ALDDFT. The

Fig 5: (a) Longitudinal image (proximal to the left) of the proximal aspect of the metatarsal region of the left hindlimb of a 6-year-old
Warmblood event horse (Horse 16), obtained preoperatively. There is echogenic tissue (arrows) extending between the plantar aspect of
the suspensory ligament (SL) and the accessory ligament of the deep digital flexor tendon (ALDDFT). The SL is diffusely hypoechoic with
multiple very short echoes. (b) Transverse image (plantar to the top and medial to the left) obtained 3 cm distal to the tarsometatarsal joint
and (c) longitudinal image (proximal to the left) of the proximal aspect of the metatarsal region of the same horse obtained 6 months later.
The horse had resumed full work, but had recurrent lameness. Both the ALDDFT (arrows) and the SL (arrowhead) are enlarged and diffusely
hypoechoic. In the longitudinal image the ALDDFT and SL are difficult to separate. DDFT = deep digital flexor tendon.

Fig 6: Post mortem image of the
superficial (SDFT) and deep (DDFT)
digital flexor tendons, the accessory
ligament of the DDFT (ALDDFT) and
the suspensory ligament (SL) of the
left hindlimb of the same horse
illustrated in Figure 5. Proximal is to
the left. There are substantial strong
fibrous adhesions (arrow) between
the ALDDFT and the SL and strong
connective tissue adhesions
extending between the ALDDFT and
the SDFT. Less extensive and less
substantial adhesions were also
present between the ALDDFT and
the SL in the right hindlimb.

© 2015 EVJ Ltd

362 EQUINE VETERINARY EDUCATION / AE / JULY 2015



improvement in lameness after intra-articular analgesia of the
middle carpal joint is presumably related to the close
anatomical relationship between the palmar pouch of the
joint and the origins of both the ALDDFT and the SL. However,
it is also conceivable that there may have been a component
of middle carpal joint pain, despite no radiological
abnormalities. This is not uncommon in racehorses, but is more
unusual in sports horses (Bassage and Ross 2010).

It is increasingly recognised that a positive response to
perineural analgesia of the deep branch of the lateral plantar
nerve is nonspecific and more proximal sources of pain may
be abolished, presumably because of proximal diffusion of the
local anaesthetic solution or because of inadvertent
penetration of the tarsal sheath or the tarsometatarsal joint
(Dyson and Romero 1993; Labens et al. 2010; Dyson 2012b,
2013, 2014a; Claunch et al. 2013; Davis et al. 2014; Contino
et al. 2015). Likewise pain associated with PSD is not always
abolished by perineural analgesia of the deep branch of the
lateral plantar nerve and addition of a tibial nerve block can
be helpful to differentiate tarsal pain from soft tissue injuries on
the plantar aspect of the tarsus and metatarsal region (Dyson
1995, 2012b). Presence of entheseous pathology in the third
metatarsal bone at the origin of the SL may also cause pain
that is not abolished by perineural analgesia of the deep
branch of the lateral plantar nerve, but that is resolved after a
tibial nerve block. The ALDDFT originates from the plantar
aspect of the ligament that runs between the calcaneus and
the central and third tarsal bones (Dyson and Murray 2011).
The need to perform a tibial nerve block in some horses does
suggest that at least in these horses the injury of the ALDDFT
was contributing to pain and lameness. Subtarsal analgesia
can influence tarsometatarsal joint pain, and occasionally
(2/24 horses, 8% [Dyson 1995]) intra-articular analgesia of the
tarsometatarsal joint alleviates pain associated with PSD. It is
therefore considered important to assess the response to
intra-articular analgesia of the tarsometatarsal joint
independently, especially when radiological abnormalities of
the distal tarsal joints are seen, as in this study.

The lack of specificity of local analgesic techniques
highlights the need to examine the carpus and proximal
aspect of the metacarpus and tarsus and proximal aspect
of the metatarsus both radiographically and
ultrasonographically. A systematic examination should be
performed so that the presence of more than one injured
structure is not overlooked. The reliable identification of
adhesions between the ALDDFT and the SL remains a
challenge. In the current study, the presence of adhesions was
predicted ultrasonographically in 5 limbs, based on lack of
separation of the structures during examinations performed
with the limbs bearing weight and semi-flexed. In all 3 horses
that underwent post mortem examination, lack of separation
between the structures on ultrasonographic images was
associated with substantial adhesion formation. In a previous
study of horses with chronic hindlimb PSD, which underwent
post mortem examination, adhesions between the SL and
the ALDDFT were identified in 10 of 32 limbs (Dyson 2014b).
These were not reliably identified using either premortem
ultrasonography or high-field (1.5 T) magnetic resonance
imaging performed post mortem. In an additional 4 limbs there
were strong adhesions between the SL and the plantar aspect
of the third metatarsal bone distal to the ligament’s origin,
which were not detected during ultrasonographic or post
mortem magnetic resonance imaging examinations. The

reason for adhesion development is not well understood. It is
possible that in the current study magnetic resonance imaging
or nuclear scintigraphic examinations may have given
additional information, but obviously the use of these
techniques has major cost implications.

In the current study, 7 horses had injuries of the SL in 3 or
more limbs. The presence of multiple limb injuries suggests that
there may be some inherent predisposition to injury of the SL.
Although lesions of the body of the ALDDFT usually occur in
older horses (Dyson 1991, 2010a; van den Belt et al. 1993;
McDiarmid 1994), associated with degenerative ageing
changes (Becker et al. 1994), as previously described for
isolated injuries of the proximal aspect of the ALDDFT (Dyson
2012a), the combination of PSD and injury of the proximal
aspect of the ALDDFT was seen in young to middle-aged
horses in the current study. There was no conformational
abnormality of the limbs, other than foot imbalance, which
may have predisposed to injury.

Acute forelimb PSD usually responds well to conservative
management with up to 90% of horses returning to full athletic
function (Dyson 2010d), whereas the prognosis for proximal
injuries of the ALDDFT is much more guarded (Dyson 2012a).
This highlights the need for accurate diagnosis. A large
proportion of horses in this study did not undergo treatment
because of the complex nature of their total injuries and/or
economic constraints (coinciding with the global financial
recession), so we cannot comment about treatment and
prognosis. It is difficult to conceive of a likely successful
treatment in the face of extensive adhesion formation.

In conclusion, PSD and injury of the proximal aspect of the
ALDDFT may occur concurrently. The clinical features are
similar to those for PSD alone, highlighting the need for
comprehensive and systematic ultrasonographic assessment.
This report also emphasises the benefit of ulnar and tibial nerve
blocks in horses in which lameness is improved, but not
abolished, by subcarpal or subtarsal analgesia.
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Summary
The aim of this questionnaire-based study was to identify which
analgesics are currently prescribed to donkeys in clinical
practice and to collect opinions from veterinary surgeons
and donkey owners on the importance of different
pain-related behaviours in donkeys. Questionnaires were
completed by 143 veterinary surgeons and 93 donkey owners.
Phenylbutazone, flunixin, detomidine and butorphanol were
reported as the most frequently used analgesics in donkeys.
Most veterinary surgeons reported administering these drugs at
the horse dose rate and dosing interval, which may be
inappropriate in the donkey. Four pain-related behaviours
were identified as very important by veterinary surgeons and
owners: dullness for colic-associated pain, keeping the foot
lifted, and lameness for foot and limb pain and inability to
chew properly for head and dental pain. This is a more limited
behavioural repertoire than has recently been identified to be
associated with pain in the donkey and suggests that the
respondents were reporting perceived wisdom as to what
people think are the behavioural signs associated with pain or
were not interpreting pain-related behaviours correctly.

Introduction
In a review of the behavioural observations of pain in both
horses and donkeys it was commented that ‘agreed
throughout the literature, is the lack of obvious pain expression
by the donkey and mule’ and several descriptors of
pain-related behaviours listed for horses were noted as ‘not
described in the donkey’ (Ashley et al. 2005). Since this review
was published, research has been conducted to better
characterise the behavioural indicators of pain in the donkey.
Regan et al. (2014) developed an ethogram to record
behaviours which could be expressions of pain in working
donkeys. The ethogram was used to ascertain which
behaviours decreased in frequency after administration of a
non-steroidal anti-inflammatory drug (NSAID) (Regan 2009).
Frequency of changes in head carriage, frequency of eyes
closing, frequency of limb shifting and self-grooming, all
decreased after NSAID administration, suggesting that these
behaviours may be pain-related. Olmos et al. (2011)
constructed a checklist of pain-related behaviours that
correlated with abnormal and potentially painful lesions found
on post mortem examination of donkeys in a donkey
sanctuary. The findings of Regan et al. (2014) and Olmos et al.
(2011) do suggest that donkeys may exhibit a wider repertoire
of pain behaviour than previously described in the literature.
However, as a consequence of the long-held belief that it is
difficult to identify pain in donkeys, it is possible that analgesia
may be withheld from an animal even though it is in pain.

Coupled with this, there is a lack of analgesic drugs with
marketing authorisation for administration to donkeys and a
lack of information on dosing rates and dosing intervals when
analgesia is provided. Extrapolation of horse dose rates and
dosing intervals for use in the donkey may be inappropriate
given that there is different distribution, metabolism and
elimination of certain analgesic drugs in the donkey
compared with the horse (Grosenbaugh et al. 2011). To date,
no study has been undertaken to survey analgesic usage in
the donkey.

The first aim of this study was to identify which analgesic
drugs were used in the donkey at the time of the questionnaire
in order to guide future research in this field. The second aim
was to gather information regarding observations of pain
behaviours in donkeys by veterinary surgeons and donkey
owners to ascertain whether these observations reflected
those identified by recent research and to determine how
important these behaviours were perceived to be by
veterinary surgeons and owners of donkeys.

Materials and methods

Questionnaire design
Two questionnaires intended to be completed anonymously
were designed: one for veterinary surgeons and one for
donkey owners. Each was available as a paper or electronic
document or online (BOS Egret v. 2.0.3111, University of Bristol).
The questionnaires contained a mixture of tick box and open
questions.

Veterinary surgeon questionnaire
The questionnaire for veterinary surgeons contained 4 sections.
The questionnaire is included as Supplementary Item 1. Section
1 comprised questions relating to demographics of the
respondent while Section 2 contained questions about the
veterinary practice and caseload where the respondent
worked. Respondents were asked to rate their own clinical
experience with donkeys as either ‘none’, ‘very little’, ‘some’
or ‘lots’. Section 3 contained a list of analgesic drugs
commonly used in equine practice and respondents were
asked to specify which drugs they had used in the donkey and
whether they used the drugs at the dose and dosing interval
suggested for horses or at a different dose rate or dosing
interval. Respondents were not asked to indicate whether
doses used for donkeys were higher or lower than doses used
in horses. A list of the drug doses (mg/kg bwt and ml/100 kg
bwt) and dosing intervals licensed or suggested (for
unlicensed products) for use in horses was provided with all
questionnaires. In addition, respondents were asked to specify

© 2015 EVJ Ltd

365EQUINE VETERINARY EDUCATION / AE / JULY 2015

mailto:ngrint@cave-vet-specialists.co.uk


which drugs they would use for analgesia in a donkey with mild
and severe colic pain, mild and severe leg/foot pain and mild
and severe head/dental pain.

In Section 4, respondents were asked to indicate the
importance of specified behaviours associated with painful
conditions, based on their clinical experience of donkey
cases. The list of behavioural descriptors was taken from a
review of behavioural assessment of pain in equidae (Ashley
et al. 2005). Respondents were given the choice of ‘not
important’, ‘moderately important’, ‘very important’ and ‘not
seen in the donkey’ for each of the descriptors.

Owner questionnaire (Supplementary Item 2)
The owner questionnaire was also subdivided into 4 sections.
Section 1 asked for demographic data while in Section 2
respondents were asked about their donkey ownership
experience (for how long had the respondent owned donkeys
and how many donkeys had they owned) and training in
donkey husbandry. Section 3 questioned the reasons that
owners had required veterinary attention for their donkey,
within the previous 12 months or before that time period.
Section 4 was identical to Section 4 of the veterinary
questionnaire.

Questionnaire dissemination
After piloting of both questionnaires, the veterinary
questionnaire was distributed by a variety of means between
September 2009 and April 2010: 250 paper questionnaires
were distributed at both the anaesthesia and working equine
lecture streams at the British Equine Veterinary Association
(BEVA) Congress 2009; 46 veterinary practices that carried out
veterinary work for sanctuaries with a donkey population
(taken from http://www.animalsanctuaries.co.uk, accessed
on 12 September 2009) were mailed paper copies of the
questionnaire along with a second class stamped-addressed
envelope (SAE); 200 paper copies were distributed to
individual veterinary surgeons working in equine practices
across the UK by a pharmaceutical company representative;
identical letters were published in 3 veterinary periodicals; the
Veterinary Times, Veterinary Record and Equine Veterinary
Education inviting readers to fill in the online version of the
questionnaire; 850 UK veterinary practices which were
identified as having an equine caseload from the RCVS
directory of veterinary practices were emailed a letter inviting
them to fill in the online questionnaire and 36 electronic copies
of the questionnaire were emailed to overseas veterinary
clinics with a known donkey caseload.

The owner questionnaires were disseminated as a paper
insert in the Donkey Breed Society quarterly newsletter
(September 2009) to 900 members. Information including the
author’s fax number, email and postal addresses were
included to allow return of the questionnaire but no prepaid
envelope was included.

Data analysis
Response rates for the different modes of questionnaire
dissemination were calculated where possible. Descriptive
statistics for Sections 1 and 2, (owner and veterinary surgeons)
and Section 3 (owners) were calculated using standard
statistical approaches, including number of respondents
answering each question and the percentage of total

respondents that number represented. Mean and median
values were calculated for continuous and categorical data,
respectively.

Veterinary surgeons (Section 3)
Total numbers of respondents that used each analgesic drug
were calculated. Veterinary surgeons were classified as multi-
or unimodal analgesic users, depending on whether they had
listed more than one drug class to treat pain associated with
any one of the conditions listed (mild and severe colic pain,
mild and severe leg/foot pain or mild and severe head/dental
pain).

For veterinary surgeons’ clinical experience ‘none’ and
‘very little’ were combined and ‘some’ and ‘lots’ were
combined to facilitate analysis. This and the influence of other
demographic factors on whether veterinary surgeons were
uni- or multi-modal analgesic users were investigated using
Chi-squared analysis to calculate odds ratios. Statistical
analysis was conducted using Egret v. 2.0.312.

The analgesic drugs used by veterinary surgeons were
ranked according to their frequency of use and data
pertaining to the four most commonly used drugs were
analysed further. Chi-squared analysis was used to calculate
odds ratios to investigate the influence of different
demographic factors on whether veterinary surgeons used
these drugs at the horse dose rate and interval or at a different
dose rate and interval. After Bonferroni correction (for four
comparisons), significance was considered as P<0.0125.

Veterinary surgeons and owners (Section 4)
Importance of behavioural indicators of pain were ranked
according to their importance or from highest to lowest. For
behavioural indicators which were thought very important by
at least 70% of veterinary surgeons or owners, further analysis
was conducted. Agreement between veterinary surgeons
and owners as to whether they attributed a specific behaviour
as not observed/not important compared with
moderately/very important were then analysed using
Chi-squared analysis. After Bonferroni correction (for 6 factors),
significance was considered as P<0.008.

Results

Veterinary surgeons

Response rates
A total of 143 questionnaires were completed. Few
respondents (n = 23) completed the online questionnaire. The
methods of questionnaire dissemination that yielded the
highest response rate were distribution amongst delegates at
the BEVA conference (22% return) and mailing UK sanctuary or
emailing overseas working equine clinic veterinary surgeons
(19 and 26%, respectively). All other methods of distribution
produced low response rates (2.7–6.5%).

Demographics
The gender distribution was almost equal with 68 male
respondents (48.2%) and 73 female respondents (51.8%). The
median (range) number of years graduated was 9 (1–58)
years. The majority of respondents were graduates of UK
veterinary schools (the study was conducted before any
veterinary students from the University of Nottingham had
graduated). Forty of the respondents were non-UK veterinary
school graduates.
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Section 2 (practice and caseload) was completed by 135
out of 143 respondents. Respondents worked in clinics where
equine cases comprised between 0 and 100% (mean 90%) of
the total clinic caseload. The majority of respondents worked
in first opinion equine practice (47.4%), with 31.1% working in
first opinion mixed practice and 27.4% working in referral
practice.

Veterinary surgeons’ clinical experience with donkeys
Fifty-one respondents (35.7%) undertook veterinary work for
local sanctuaries which had a donkey population, 13 (9.1%)
worked in overseas working equine clinics and 97% of all
respondents said that they had treated donkeys (32% ‘very
little’; 46% ‘some’; 19% ‘lots’). Of the 4 respondents (3%) who
classified their exposure to donkey cases as ‘none’, 3 did not
complete Section 4 (importance of behavioural indicators of
pain). There was wide variation in how respondents’ donkey
caseloads were divided (Table 1) with lameness representing
the highest median percentage of caseload (15%).

Analgesic use in the donkey
Table 2 shows the analgesic drugs that respondents used in the
donkey. Where respondents with no exposure to donkey cases
completed these questions (2 out of 4 respondents), this data
was not included in analysis. Phenylbutazone, flunixin,
butorphanol and detomidine were the most frequently used
analgesic drugs. The majority of respondents used drugs at
the same dose rate and interval as the horse. Table 3 shows
the typical analgesics administered for different clinical
conditions. Hyoscine/dipyrone and flunixin were the most
commonly used analgesics for mild and severe colic pain
respectively. Phenylbutazone was the most frequently used
analgesic for mild and severe leg/foot pain and mild and
severe head/dental pain.

No demographic factors influenced the use of multi-modal
analgesia except whether the respondent worked for an
overseas working equine clinic; in which case they were 16
times less likely to use a multi-modal approach compared to a
UK practitioner (P = 0.009, CI 2.1–348.9).

Veterinary surgeons who had ‘some’ or ‘lots’ of clinical
experience with donkeys (compared with those who had ‘no’
or ‘little’ experience) (OR 3.72, CI = 1.4–10.1, P = 0.003) and
graduates of Bristol, Cambridge or London veterinary schools

(compared with other UK schools) (OR 5.67, CI = 2.4–13.8,
P 0.001) were more likely to use a dose of phenylbutazone
different to the horse dose. Veterinary surgeons with ‘some’ or
‘lots’ of donkey experience were 8 times more likely to use a
non-horse dose of flunixin in the donkey (CI = 1.7–53.9, P =
0.002) compared with those with ‘no’ or ‘little’ experience.

Veterinary observations of behaviours associated with painful
conditions in the donkey
In Section 4, 126 respondents completed questions regarding
behavioural indicators of colic pain and foot and limb pain.
Head/dental pain and nonspecific behavioural questions
were completed by 123 and 120 respondents, respectively. All
behaviours included in Section 4 had been observed by some
owners although only 5 behaviours were rated as ‘very
important’ indicators of pain by over 70% of respondents;
dullness (colic pain), keeping the foot lifted off the ground and
lameness (foot and limb pain), an inability to chew properly
and inappetence (head and dental pain).

Owners

Response rate and demographics
The response rate for questionnaire completion was 10.3% (n =
93). The majority (94.5%) of the owners who responded were
female, four respondents were male (4.4%) and two
respondents did not answer this question.

Ages of respondents ranged from 21 years to over 80 years
of age with 65% of respondents aged between 50 and 69
years.

Owners’ experience of caring for donkeys
The median (range) duration for a respondent to have owned
a donkey was 15 (0.5–60) years. The median (range) number of
donkeys owned by each respondent was 3 (1–50). The majority
of donkeys were kept with a companion (45.2% of
respondents) or in a herd of three or more donkeys (45.2% of
respondents).

Of the 93 respondents, 57.6% had undertaken training
courses and 96.8% read literature to develop their knowledge
of caring for donkeys. Owners’ experiences with requiring
veterinary attention for their donkey was varied, with
vaccination (69%) being the most common reason for a
veterinary visit. Colic, dental problems and lameness were a
reason for an owner’s donkey to require veterinary attention
for over 30% of the respondents.

Owners’ opinions towards behavioural indicators of pain
in the donkey
Of the 93 respondents, Section 4 questions on behavioural
descriptors of pain were answered by 42 owners (colic pain),
51 owners (limb and foot pain), 47 owners (head and dental
pain) and 70 owners (nonspecific indicators of pain). Of eight
listed behaviours, dullness was the only descriptor ranked as
very important by >70% of respondents for colic pain. Two
descriptors out of a possible six (lameness and keeping the foot
lifted off the ground) and one descriptor out of six (inability to
chew food properly) were ranked as very important by >70% of
respondents for limb and foot pain and head and dental pain,
respectively.

Association between owners’ and veterinary surgeons’
rankings of important behavioural indicators of pain
Associations between veterinary surgeons and owners as
to whether they attributed a specific behaviour as ‘not

TABLE 1: Division of types of donkey cases seen by 133 veterinary
surgeon respondents. Number represents the median (range)
percentage of a respondent’s donkey clinical caseload spent
treating each clinical condition

Aspect of caseload

Median (range)
percentage of donkey

caseload spent by
practitioner on each

category

Colic 5 (0–60)
Dental disease 10 (0–80)
Weight loss/nutritional advice 10 (0–100)
Skin disease 5 (0–99)
Lameness 15 (0–90)
Wound management 5 (0–50)
Castration 2 (0–70)
Vaccination 5 (0–80)
Other 0 (0–50)
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observed’/‘not important’ compared with ‘moderately’/’very
important’ were compared for the four behavioural indicators
of pain which were ranked by >70% of veterinary or owner
respondents as ‘very important’: dullness (colic associated
pain), keeping the foot lifted, lameness and reluctance to

move (foot and limb pain) and inappetence and inability to
chew properly (head and dental pain).

There was no significant difference (and therefore good
association) between veterinary surgeons’ and owners’
opinions on the relative importance of the following

TABLE 2: Analgesic drugs and dosages used in the donkey by 143 veterinary surgeon respondents

Class of
analgesic drug Drug

No. respondents

Used in
the

donkey
Used at

horse dose

Used at dose
rate or interval

higher than
horse dose

Used at dose
rate or interval

lower than
horse dose

Dosage not
specified

NSAID Phenylbutazone 127 68 39 8 12
Flunixin 124 84 19 10 11
Meloxicam 30 24 2 2 2
Dipyrone 6 0 0 0 6
Carprofen 20 9 7 4 0
Ketoprofen 3 1 0 0 2
Diclofenac 3 0 0 0 3

Opioids Butorphanol 106 83 8 5 10
Morphine 22 21 0 0 1
Buprenorphine 13 10 1 0 2
Pethidine 11 6 2 2 1
Codeine 2 2 0 0 0

Alpha-2

adrenoreceptor
agonists

Detomidine 112 82 8 10 12
Xylazine 78 61 3 5 9
Romifidine 67 54 3 4 6
Medetomidine 2 2 0 0 0

Local anaesthetics Lidocaine 82 72 3 1 6
Mepivacaine 65 53 1 0 11
Bupivacaine 17 16 0 0 1
Procaine 11 10 0 0 1

Miscellaneous Ketamine 91 68 13 2 8
Tramadol 1 1 0 0 0
Gabapentin 2 1 0 0 1

TABLE 3: Drugs which veterinary surgeons responded they would typically give for different painful clinical scenarios

Drug

No. respondents

Mild
colic

Severe
colic

Mild
leg/foot

Severe
leg/foot

Mild
head/dental

Severe
head/dental

Buprenorphine 0 2 2 1 1 1
Bupivacaine 0 0 3 4 2 2
Butorphanol 18 34 5 10 5 17
Carprofen 4 4 11 10 10 6
Detomidine 13 29 1 3 3 8
Diclofenac 0 0 0 2 0 2
Hyoscine/dipyrone 72 29 0 0 0 0
Flunixin 41 109 16 52 32 75
Ketamine 0 4 0 3 0 3
Ketoprofen 2 1 0 1 1 1
Lidocaine 0 2 5 14 2 5
Meloxicam 14 8 18 12 14 10
Medetomidine 0 1 0 0 0 0
Mepivacaine 0 0 9 15 3 10
Morphine 1 9 2 14 4 14
Pethidine 2 0 0 0 0 2
Phenylbutazone 70 38 118 98 99 73
Procaine 0 0 3 3 1 3
Romifidine 7 7 1 0 3 2
Suxibutazone 0 0 3 2 3 3
Xylazine 16 19 0 0 1 0
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behavioural indicators of pain: dullness, keeping the foot lifted,
lameness and reluctance to move. Proportions of owners and
veterinary surgeons who believed that inappetence and
inability to chew properly were moderately or very important
behavioural indicators were significantly different (P<0.001
and 0.004, respectively). More veterinary surgeons ranked
inappetence as a moderately or very important behavioural
indicator than owners did. Whilst similar percentages of
veterinary surgeons and owners ranked inability to chew
properly as a very important behavioural indicator of head
and dental pain (81.25 and 80.9%, respectively), more owners
ranked this behaviour as ‘not important’ or ‘not seen in the
donkey’ compared with veterinary surgeons.

Discussion
This is the first study to investigate the opinions of both
veterinary surgeons and owners on the importance of different
behaviours that could be attributed to pain in the donkey and
to identify which analgesics are prescribed to donkeys in
clinical practice. The return of 93 questionnaires from donkey
owners and 143 veterinary surgeons cannot represent the
opinions of all donkey owners and veterinary surgeons in the
UK, although the demographics of the respondents were very
similar to those of the Donkey Breed Society (DBS) overall
membership and RCVS membership (Robertson-Smith et al.
2010; C. Morse, personal communication 2012). A postal
questionnaire (with a SAE) about the attitude of UK equine
veterinary surgeons to pain in horses (Price et al. 2002) returned
a similarly low response rate (25%) to that of the response of
practitioners targeted with a personalised letter and paper
version of the questionnaire in the current study (19%). The
letters published in the veterinary periodicals inviting veterinary
surgeons to complete the online survey yielded a low response
rate. A disadvantage of publishing letters in printed media was
that the reader was unable to click directly on an electronic
link to the online survey or internet page with the electronic
version of the survey.

Improved response rates are likely if questionnaires are
accompanied by a personalised letter, the address is
handwritten and a SAE is included (Scott and Edwards 2006;
Edwards et al. 2009). These aspects were all included when
targeting the practices working with local sanctuaries. When
possible, during the distribution of the questionnaire by email
to the equine practices listed on the RCVS database, the
covering letter was addressed to individual veterinary
surgeons; however, personalisation was not possible with the
questionnaires distributed at BEVA congress or via a
pharmaceutical company representative. In the distribution
methods which did not include an SAE, alternative low cost or
free means of questionnaire return (i.e. fax, online completion
or emailing a scanned copy) were provided. Follow-up
contact with nonresponders also increases response rates
(Edwards et al. 2009). This was not performed in the current
study due to cost restraints and was an area which could have
been improved upon in the current study design.

Veterinary surgeons were asked to specify which drugs
they would use for analgesia in a donkey with mild or severe
colic pain, leg/foot pain and head/dental pain. These
anatomical regions were chosen based on those reviewed by
Ashley et al. (2005). Veterinary surgeons have attributed a
wide range of pain severity scores to certain conditions
(spasmodic colic, acute tendonitis, acute solar abscessation)
when using a 0–10 numerical rating scale (Price et al. 2002).

Guidance as to what constituted mild and severe
manifestations of the painful conditions asked about in the
current questionnaire could have been a useful addition to the
design. Variability of individual respondents views may,
however, be more limited when offered a dichotomous
choice (i.e. mild or severe), compared to a wider range of
potential scores such as the 0–10 scale used by Price et al.
(2002).

One aim of the study was to gain information on analgesic
practice in donkeys in the UK and some overseas clinics. The
inclusion of data collected from overseas clinics may have
influenced the data collected on analgesics prescribed, due
to limited availability of some drugs in developing countries.
This is also a potential explanation for the limited use of a
multi-modal approach to analgesia by overseas practitioners
compared to UK practitioners, identified in this study. The
different underlying causes of painful conditions will also likely
vary between the UK and developing world donkey
populations, which may further influence the behavioural
changes identified by veterinary surgeons.

Phenylbutazone was the most commonly used analgesic
drug overall and has also been cited as the most frequently
prescribed analgesic for horses (Price et al. 2002). In the
current study, dipyrone/hyoscine was the most frequently
reported analgesic for use in mild colic pain, with flunixin used
most frequently for severe colic pain. However, there was a
disparity between the high number of veterinary respondents
listing diyprone/hyoscine as their drug of choice for colic pain,
whilst at the same time few specified that this was an
analgesic they used in donkeys. This may be because
veterinary surgeons perceive dipyrone/hyoscine to be a
spasmolytic rather than an analgesic drug (Roelvink et al.
1991).

Most veterinary surgeons prescribed NSAIDs at the licensed
or suggested (for unlicensed NSAIDs) dose and interval as for
horses. Analgesic drugs unlicensed in horses were also
included in the questionnaire because they may be
administered by veterinary surgeons and it was important to
obtain a full picture of analgesic use in donkeys. Extrapolation
of dose schedules from horses may be inappropriate in
donkeys due to species differences in metabolic pathways.
Hepatic metabolism of phenylbutazone and flunixin is faster in
donkeys than horses (Mealey et al. 1997; Coakley et al. 1999),
therefore use of these drugs at the horse dose or dosing
interval could result in inadequate analgesia in donkeys.
Conversely, carprofen has a slower clearance in the donkey
compared with the horse (Mealey et al. 2004) with the
potential to cause toxicity when administered at horse dose
rate and interval (Grosenbaugh et al. 2011). Respondents
were asked to specify whether they administered the drugs at
the dose and dosing interval suggested for horses or at a
different dose rate or dosing interval. Investigating these
factors individually by asking respondents to specify both dose
rate and frequency would have generated additional
valuable data. In general, veterinary surgeons with more
donkey experience were more likely to prescribe donkey
specific dose schedules for phenylbutazone and flunixin,
suggesting that veterinary surgeons with an interest in donkeys
are aware of the current literature surrounding NSAIDs in this
species. The veterinary school of graduation had an influence
on the dose rate of phenylbutazone used, with graduates of
Bristol, Cambridge or London veterinary schools (compared
with other UK schools) more likely to use a dose of

© 2015 EVJ Ltd

369EQUINE VETERINARY EDUCATION / AE / JULY 2015



phenylbutazone different to the horse dose. This may reflect a
difference in clinical teaching across the veterinary schools.

Butorphanol was the most frequently used opioid, in
agreement with results of a survey of analgesic use in horses
(Price et al. 2002). This popularity may be, in part, because
butorphanol is not a controlled drug in the UK and therefore
not subject to strict requirements surrounding storage and
record keeping.

Detomidine was the most commonly used alpha-2

adrenoreceptor agonist, whereas in horses, availability and
use of xylazine, detomidine and romifidine were similar (Price
et al. 2002). It has previously been suggested that donkeys
require higher doses of alpha-2 adrenoreceptor agonist drugs
than horses to achieve equivalent sedation (Doherty and
Valverde 2006), although respondents to the questionnaire in
the current study tended to use the horse dose. Recent work
(Lizarraga and Beths 2012) has suggested that dose
requirements of xylazine are the same for the donkey and the
horse to provide the similar degrees of hypoalgesia.
Mechanical nociceptive threshold testing (MNT) is an
analgesiometry tool recently validated in donkeys (Grint et al.
2014). Lizarraga and Beths (2012) have used MNT to investigate
the anti-nociceptive effects of different doses of xylazine
in the donkey. In future, combining MNT testing with
pharmacokinetic analysis to match serum concentrations with
the resultant anti-nociceptive effect of an analgesic would be
one route of progression of MNT in this species. This
questionnaire has identified the four most popular analgesics
used in the donkey and these data could inform the choice of
drugs and dosages studied in future MNT research.

Recent behavioural studies suggest that donkeys exhibit a
wider repertoire of pain-related behaviours than previously
considered (Regan 2009; Olmos et al. 2011). Therefore, in the
present study, it was somewhat surprising that owners and
veterinary surgeons did not appear to have also observed a
wider repertoire of behaviours that they believe are important
indicators of pain in donkeys. It is possible that some
respondents answered questions based not on their own
observations but on what they believed to be the ‘correct’
answer or they were repeating knowledge gained from others
through training courses and independent reading.

Dullness was considered a ‘very important’ sign of pain
associated with colic by both veterinary surgeons and owners.
Dullness, along with inappetence, are frequently cited in the
literature as the main signs of colic pain in the donkey (Crane
2002; Matthews 2002), with the classic clinical signs of rolling,
flank watching and kicking at the abdomen, more commonly
reported in horses (Taylor et al. 2002), not appearing until the
terminal stages of the disease in donkeys (Duffield et al. 2002).
In a report of 40 aged donkeys with typhlocolitis diagnosed on
post mortem examination, 62% of cases had been observed
premortem demonstrating vague and nonspecific signs of
colic, notably standing with their heads carried low, increased
time lying down and a reluctance to move, although only 8%
of donkeys with typhlocolitis were described as inappetent (Du
Toit et al. 2010). There is anecdotal evidence that
inappetence is a manifestation of colic-associated pain
behaviour in donkeys (Matthews 2002). Inappetence was not
included in the list of descriptors for colic pain in the current
study because it was not listed in the review from which equine
behaviours included in the current study were constructed
(Ashley et al. 2005). The weighting of descriptors towards those
more commonly observed in horse pain behaviour was likely,

given the greater amount of horse literature available to
review. This meant that a small number of descriptors which
might have been useful were not included in the questionnaire
(such as innapetance for colic, hunching of the back for foot
and limb pain and more specific subcategorisations of
‘inability to chew properly’ such as quidding, pocketing of
food and hypersalivation). Similarly, there were descriptors
included (such as altered bit behaviour for head and dental
pain) which were probably of limited relevance to most UK
donkeys.

Foot disorders and arthritis are common in aged donkeys in
the UK (Cox et al. 2010; Morrow et al. 2011). Therefore,
unsurprisingly, lameness represented the highest proportion of
veterinary surgeons’ donkey caseload in the current study and
a high proportion of donkey owner respondents had owned a
donkey with foot and limb problems. Lameness, keeping the
foot lifted and reluctance to move were identified to be
associated with foot and limb pain by veterinary surgeons and
owners. In a review, Regan (2009) concluded that compared
with the horse, the donkey appears to have less postural
changes in response to foot and limb pain.

Whilst only veterinary surgeons thought that inappetence
was a very important indicator of head and dental pain, both
veterinary surgeons and owners classified inability to chew
properly as very important. Cautious and slow chewing,
lateralised to the site of dental disease, has been previously
reported in donkeys (Trawford and Crane 1995); however,
other reports of behavioural changes associated with dental
disease in donkeys are scarce. This is surprising as dental
disease is prevalent in the donkey (Du Toit et al. 2009; Cox et al.
2010).

Conclusion
There was good agreement between veterinary surgeons and
owners in some behavioural changes that were considered to
be very important signs of pain in the donkey. However, the
number of pain-related behaviours identified by both groups
was limited. Phenylbutazone, flunixin, butorphanol and
detomidine were the most frequently used analgesics by
veterinary surgeons. These results could inform the choice
of drugs and dosages studied in future analgesia research
in this species, using, for example mechanical nociceptive
threshold testing as an analgesiometry tool. Non-steroidal
anti-inflammatory drugs were frequently prescribed at the
horse dose rate which may be inappropriate in the donkey.
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Summary
It has recently been highlighted that significant differences
exist between ulceration of the squamous gastric mucosa and
ulceration of the glandular gastric mucosa in the horse. The first
article in this series discussed terminology, clinical signs and
diagnosis and the second reviewed ulceration of the
squamous gastric mucosa in detail. The purpose of this article,
the third and last in the series, is to review the pathophysiology,
risk factors, prevalence, treatment and prevention of
ulceration of the glandular gastric mucosa.

Introduction
Gastroscopy has been in widespread use in the horse for over
20 years and factors associated with disease of the squamous
mucosa (ESGUS) have been well described. However, to date,
the factors associated with disease of the glandular mucosa
(EGGUS) remain poorly understood. A key reason for this is that
the early gastroscopes used were only 2.5 m in length, which,
as discussed in the first article in this series (Sykes and Jokisalo
2014a), meant that the entire glandular mucosa was rarely
observed. In particular, the pyloric antrum, where the majority
of glandular ulceration occurs (Begg and O’Sullivan 2003;
Luthersson et al. 2009a; Husted et al. 2010; Habershon-Butcher
et al. 2012; Hepburn and Proudman 2014; Sykes et al.
2014a,b,c,d), was rarely observed in clinical cases. The
implications of this historical bias towards squamous disease
are significant as it has biased the EGUS discussion towards
ESGUS.

The importance of distinguishing ESGUS and EGGUS has
recently been highlighted (Merritt 2009) and a series of recent
studies have clearly demonstrated that the risk factors for
(Habershon-Butcher et al. 2012), and response to treatment
(Hepburn and Proudman 2014; Sykes et al. 2014a,b,c,d), of
EGGUS differ dramatically from that of ESGUS. This is not
surprising given the differences in the anatomy of the
glandular mucosa and pathophysiology of the conditions.
Considering this, it is important to recognise that EGGUS should
be considered as a separate disease condition to ESGUS and
that extrapolation of factors known to be associated with
disease from ESGUS to EGGUS is inappropriate. Instead, EGGUS
should be considered as a separate entity that warrants
consideration in its own right and, given the paucity of
information available, specific further investigation.

Pathophysiology
The glandular mucosa differs fundamentally from the
squamous mucosa in that under normal physiological
conditions it is exposed to highly acidic gastric contents with
the pH in the ventral portion of the stomach relatively stable at

around 3 (Husted et al. 2008). In contrast to ESGUS, which
occurs as a result of increased acid exposure in a region with
limited defence mechanisms, EGGUS is believed to result from
a breakdown of the normal defence mechanisms that protect
the mucosa from acidic gastric contents, although the specific
mechanism by which this occurs has yet to be elucidated.
Bacterial agents and nonsteroidal anti-inflammatory drugs
(NSAIDs), which are the predominant causes of gastric
ulceration in man (Malfertheiner et al. 2009; Iijima et al. 2014),
have both been proposed as likely aetiologies in the horse
although, to date, evidence supporting either as a cause of
disease at a population level is weak at best. Non-
Helicobacter pylori, non-NSAID ulceration, otherwise known as
idiopathic peptic ulcer disease, does occur in man and until
recently has been considered rare (Malfertheiner et al. 2009).
However, more recent publications have suggested that
between 10% and 30% of peptic ulcers in certain populations
of human patients may be idiopathic in nature (Iijima et al.
2014). Interestingly, largely mirroring our current state of
knowledge in the horse, the aetiology of idiopathic ulceration
in man is unknown and treatment is empirically with proton
pump inhibitors (Iijima et al. 2014). Further, the efficacy of acid
suppression in the prevention of reoccurrence is questionable
(Wong et al. 2012).

The role of bacteria in EGGUS is controversial and a recent
study demonstrated that both gastric-adapted bacteria and
opportunistic pathogens may play a role in squamous
ulceration (Al Jassim et al. 2008). Whether the situation is similar
in the glandular mucosa is unknown but Helicobacter-like
organisms have been identified in horses affected with EGGUS
in some studies (Fox 2002; Contreras et al. 2007; Morales et al.
2010). However, other studies have failed to identify such
organisms (Martineau et al. 2009; Husted et al. 2010) and it
appears, based on current knowledge, that it is unlikely that
H. pylori is the primary causative agent of EGGUS. The role of
secondary bacterial infection in the worsening or perpetuation
of EGGUS is unclear and warrants further investigation.
However, in the authors’ opinion, the role of bacteria has not
been sufficiently established to warrant the widespread use of
antimicrobials in the treatment of EGGUS.

Equally controversial is the role of NSAIDs in the
development of EGGUS. A variety of NSAIDs, namely flunixin,
phenylbutazone and ketoprofen, have been shown to have
ulcerogenic potential at doses only 50% higher than typically
recommended (MacAllister et al. 1993). However, at clinical
doses phenylbutazone and suxibuzone did not induce gastric
ulceration when administered for 15 days (Andrews et al. 2009)
and the administration of NSAIDs was not identified as a risk
factor in a recent study (Habershon-Butcher et al. 2012).
Further, in the authors’ experience, the use of NSAIDs is rarely
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reported in the history of affected animals. As such, the
authors’ believe that even though NSAIDs may cause EGGUS
in individual patients, especially when used at doses
exceeding recommendations, they do not explain the high
prevalence observed in many populations and are unlikely to
be a significant causative factor in the majority of patients.

Prevalence and risk factors
The prevalence of EGGUS is less well described than ESGUS but
it has been reported in a number of studies as shown in Table 1.
In contrast to the prevalence of ESGUS, which increases as the
intensity of exercise and management increases, the
prevalence of EGGUS is more variable between populations.
This suggests that other factors may be more significant than
the intensity of exercise and management imposed during
training. This concept is supported by a Danish study that
found that horses in work were no more likely to have EGGUS
than young horses, breeding mares or mature horses at
pasture (Luthersson et al. 2009b). Further, a 2012 report
demonstrated that the risk of ESGUS increased with time in
work, while the risk of EGGUS did not (Habershon-Butcher et al.
2012).

To date, the risk factors for EGGUS have been poorly
described. In a study on Thoroughbred racehorses risk factors
identified for EGGUS were sex (colts are at reduced risk),
trainer, no grass turnout, horses in direct contact with each
other, horses not fed haylage, horses fed unprocessed grain,
horses that were infrequently fed a complete diet, horses that
underwent fast exercise on fewer days of the week and horses
that went swimming (Habershon-Butcher et al. 2012). The wide
geographical variation observed within this study (see Table 1)
is interesting although its meaning is unknown. In contrast to
the wide range of factors identified in Thoroughbred
racehorses, no effect of age, sex, use or month of presentation
was found on ulcer location or type in a large study of UK
leisure and sport horses (Hepburn 2014). Further work
identifying risk factors for EGGUS in a range of populations is
needed.

Together the results of these studies suggest that diet may
influence the risk of EGGUS in a manner similar to ESGUS, with
high concentrate/low roughage diets increasing the risk of
disease. However, the relatively direct relationship between
intensity of, and duration in, work and the prevalence that is
observed in of ESGUS is not observed in EGGUS.

Management and treatment
Evidence-based treatment guidelines for EGGUS are difficult
to formulate due to the paucity of information available and,

as such, current treatment recommendations are largely
empirical. However, recent studies in which only 25% of
glandular ulcers healed with 28–35 days of omeprazole
therapy at 4.0 mg/kg per os s.i.d. in direct contrast to an ESGUS
healing rate of 78% (Sykes et al. 2014a,b,c) suggest clearly
that specific treatment recommendations for EGGUS are
needed and that direct extrapolation of ESGUS treatment
recommendations are inappropriate.

The use of dietary modification, as per ESGUS, is logical
given that diet has been identified as a risk factor for EGGUS as
discussed above. The addition of corn oil at 0.3–0.5 ml/kg
bwt/day (150–250 ml/day for a 500 kg horse) has been shown
to decrease gastric acid output and increase prostaglandin E2

production (Cargile et al. 2004) both of which are, in theory,
beneficial for the treatment and prevention of EGGUS.
Whether dietary management is efficacious in the
management of EGGUS is debatable and, in the authors’
experience, the majority of sport and leisure horses afflicted
with EGGUS have management that would already be
considered low-risk.

In man, the use of acid suppressors, specifically proton
pump inhibitors, is considered a cornerstone of treatment,
regardless of the inciting cause and the duration of treatment
and use of adjunctive agents depends on the primary cause
(Malfertheiner et al. 2009). Complicating treatment
recommendations in the horse is the fact that, while it is
commonly believed that administration of omeprazole results
in 24 h of acid suppression, one study suggested that the
duration of acid suppression achieved with once daily
administration of omeprazole may be <12 h in the horse
(Merritt et al. 2003). Further, a wide degree of variation is
observed in the individual absorption of omeprazole (Sykes
et al. 2014e). Further investigation into the duration of acid
suppression achieved with a variety of dosing regimens is
ongoing; however, in the meantime the authors dose
omeprazole in a manner similar to their recommendations for
ESGUS (Sykes and Jokisalo 2014b), accepting that such
recommendations are likely to change as more information
becomes available. Given the slow response to treatment, the
authors routinely treat EGGUS for a minimum of 6 weeks prior to
repeating gastroscopy.

As discussed above, the role of bacteria in the
pathogenesis is controversial although antimicrobial therapy is
commonly recommended as an adjunct to acid suppression
therapy in refractory EGGUS (Nadeau and Andrews 2009;
Hepburn 2011). However, no direct evidence supports the use
of antimicrobials, and in a recent study the addition of
trimethoprim-sulfadimidine at 30 mg/kg bwt per os s.i.d. to
omeprazole at 4.0 mg/kg bwt per os s.i.d. failed to improve the

TABLE 1: The prevalances of ESGUS and EGGUS in different populations of horses

Population ESGUS prevalence EGGUS prevalence Reference

Australian TB racehorses 86% 47% (Begg and O’Sullivan 2003)
Australian TB racehorses 76% 63% (Habershon-Butcher et al. 2012)
UK TB racehorses 64% 8% (Habershon-Butcher et al. 2012)
Denmark – mixed 86% 57% (Luthersson et al. 2009a)
USA – endurance 67% 27% (Nieto et al. 2004)
France – endurance 93% 33% (Tamzali et al. 2011)
UK – leisure 50% 55% (Hepburn 2014)
UK – sport 50% 62% (Hepburn 2014)
Denmark – mixed Not reported 57% (Husted et al. 2010)
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treatment response over omeprazole therapy alone (Sykes
et al. 2014e). As such, and in line with the principles of
responsible use of antimicrobials, the authors do not believe
that their use in the routine treatment of EGGUS is justified.

An alternative approach is the use of mucosal barrier
protectants which is logical given the proposed failure of
mucosal defence mechanisms in the pathogenesis of EGGUS
and although it is unlikely that mucosal protectants alone will
result in significant healing, they may serve as an important
adjunct to omeprazole therapy. Sucralfate has recently been
reported in a UK sport and leisure horse population at a dose of
20 mg/kg bwt per os b.i.d. in addition to omeprazole at
4 mg/kg bwt per os s.i.d. (Hepburn and Proudman 2014). Its
mechanism of action is likely to be a combination of
adherence to ulcerated mucosa, stimulation of mucous
secretion, prostaglandin E synthesis and enhanced blood flow
(Murray 2009). The healing response rate observed in this study
(63.2%) was higher than previously reported for the
omeprazole alone in an Australian Thoroughbred racehorse
population (25%) (Sykes et al. 2014a,b,c). Given the marked
differences in the populations studied, care should be taken in
drawing firm conclusions, although the results provide
preliminary evidence to justify the routine use of sucralfate as
an adjunctive treatment for EGGUS.

Prevention
Prevention of EGGUS, either as primary disease or recurrence,
is problematic. The rate of reccurrence following
discontinuation of therapy has not been reported and the
failure to date to identify clear risk factors makes effective
management changes difficult to recommend. Further, the
efficacy of omeprazole as a prophylactic is unclear with 23%
of horses experiencing worsening of their EGGUS grade in a
series of recent studies despite omeprazole therapy at doses
ranging from 1 to 4 mg/kg bwt per os s.i.d. (Sykes et al.
2014a,b,c). Interestingly, in man, the efficacy of long-term
acid suppression therapy in the prevention of non-H. pylori,
non-NSAID associated ulceration has also been questioned
(Wong et al. 2012). At the time of writing, the exact role of
omeprazole for prevention of EGGUS is unclear; however, use
as per the recommendations for ESGUS is logical until further
defined.

Alternatively, the use of neutraceuticals is appealing in
principle. Apolectol, a unique pectin-lecithin complex, has
been shown to increase the total mucus concentration in
gastric juice (Koller et al. 2010), whilst another study suggested
that it may have a role in the treatment of EGUS in clinical
cases (Venner and Lauffs 1999). Although straight
pectin-lecithin complexes have been shown not to be
effective in the prevention of ESGUS in fasting models of
disease (Murray and Grady 2002; Sanz et al. 2014), the
combination of a pectin-lecithin complex, an antacid and live
yeast (Saccharomyces cerevisiae) has recently shown promise
in a trial studying naturally occurring disease of both the
squamous and glandular mucosa in a high risk population
(Sykes et al. 2014f). Similarly, a preparation containing sea
buckthorn berries appeared to have protective effects
against the development of EGGUS in a fasting model of
disease (Huff et al. 2012). Considering this the authors currently
recommend the use of such complexes alongside
management changes and the addition of corn oil to the diet
in the prevention of EGGUS development or reccurrence,
especially where long-term pharmaceutical intervention

(omeprazole) is inappropriate or ineffective. However, it is
recognised that further studies determining the efficacy and
ideal composition of neutraceuticals is required to strengthen
this recommendation.

Conclusion
The pathogenesis and risk factors reported for EGGUS differ
from those reported for ESGUS with the role of high intensity
exercise and its associated management less clear. As a result
the prevalence of EGGUS differs from the prevalence of
ESGUS. Similarly, management of EGGUS differs from
management of ESGUS with acid suppressive therapy less
effective as a stand-alone therapy. Instead the use of
adjunctive treatment appears beneficial, in particular
sucralfate, while the use of pectin-lecithin based
neutraceuticals may play a role in the prevention of disease.
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Summary
Diastema (pleural diastemata) is the most common disorder
predisposing the horse to periodontal disease. These can
affect the incisors or cheek teeth but pose more significant
problems in the cheek teeth. Cheek teeth diastema can be
congenital or develop secondary to other pathology. This
condition is underdiagnosed in clinical practice due to lack of
awareness of its seriousness and also due to poor dental
examination techniques. A thorough dental examination
requires both digital palpation and visual inspection of the oral
cavity. Proper patient restraint and the use of a mouth
speculum, bright light source, dental mirror or oral endoscope
are required to fully inspect the equine oral cavity. Diastemata
diagnosed early and managed properly can prevent the
progression of periodontal disease and allow affected horses
to preserve their dentition into old age.

Introduction
A diastema is defined as a detectable interdental
(interproximal) space between 2 adjacent teeth (Carmalt
2003). The horse has a physiological (natural) diastema termed
the ‘interdental space’, which is present between the incisors
and cheek teeth (CT). This area, often colloquially referred to
as the ‘bars’, is where the bit sits. There should not be any
spaces between individual incisor teeth or cheek teeth in an
arch or row. Equine CT diastemata are underdiagnosed in
equine practice because many equine dental care providers
limit their efforts to recognising and treating occlusal wear
abnormalities, such as sharp overgrowths. Additionally, it is
difficult to fully examine the erupted crowns of all CT,
especially the caudal mandibular area (Dixon 2006).

The reported prevalence of diastemata in earlier studies
performed prior to the development of a more scientific
understanding of this condition, was quoted as between 1%
(Becker 1962) and 3.6% (Wafa 1988). In Becker’s study, the
examinations were performed on live animals resulting in a
lower incidence, while Wafa’s study with a higher incidence
was performed on cadavers.

In a recent cadaver survey, 35% of the heads examined
had periodontal disease (Anthony 2010). This study reported
an odds ratio between diastemata and periodontal pockets
to be 31, meaning the odds of a periodontal pocket being
present were 31 times higher in horses with diastemata. A
clinical hospital study reviewing videoendoscopic cases
presented for dental examination over a 3 year period, found
diastemata predominantly occurring in the mandibular
arcade (80%) with 75% of horses having at least one diastema
(Ramzan and Palmer 2011). A study on 800 unsedated
donkeys using modern examination techniques identified 20%
with diastemata (Rodrigues et al. 2013). A survey of first opinion
practice veterinarians specifically trained to identify cheek

teeth diastemata using sedation and modern dental
examination techniques, showed 50% of horses to have CT
diastemata and periodontal disease associated with 45% of
these diastemata (Walker et al. 2012). The widely differing
incidence may be due to the fact that diastemata are difficult
to appreciate in a live animal unless one is performing a
thorough examination and specifically looking for this
condition.

Aetiology
The tight interproximal compression of the equine CT allows
each row of 6 teeth to function as a single unit in the
mastication of feed. In human brachydont dentition, teeth are
normally kept in close contact at their occlusal surface by the
rostrally angled last molar teeth (wisdom teeth) pressing the
true arch of teeth rostrally and then medially (termed ‘mesial’
direction in brachydont dentistry) towards the central incisors.
This mesial drift also occurs in the equine incisor teeth arch.
However, the CT of horses function in a row rather than a true
arch. During evolution, the equine cheek teeth became
separated from the canine and incisors as the head began to
lengthen. A complementary adaption allowed the first cheek
tooth (06) to evolve to angle caudally (distally) with the 10s
and 11s angled rostrally. As a result of tooth angulation and the
orthodontic forces of mastication, the equine cheek teeth
undergo interproximal drift, where the individual cheek teeth
tend to drift in towards each other (Dixon 2006; Townsend et al.
2008; Vlaminck et al. 2008). Interproximal drift paired with
peripheral cementum production at the level of the gingival
margin, allows for tight compression of the CT row. The teeth
angulated interproximally act as bricks and the peripheral
cementum acts as the mortar to supply the horse with a unified
grinding surface with no interproximal spaces trapping feed
(Staszyk et al. 2006a).

Diastemata classification

1. Primary (congenital or developmental) diastemata may
develop due to inadequate rostro-caudal angulation of
the CT and/or inadequate interproximal compression due
to the teeth developing with normal angulation but too far
apart from each other (Dixon 2006). It is important to
remember that primary diastema can affect deciduous or
permanent dentition (Figs 1 and 2).

2. Secondary or acquired diastemata are the most common
type seen in practice and occur when displacements or
defects occur in the clinical crowns of one or more CT
(Baker 1970). Causes include dental overgrowths
(especially of the 06s and 11s) placing abnormal
orthodontic forces on exposed crowns, loss of teeth,
primarily displaced teeth (rotational displacement or
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buccal/lingual angulated teeth), dysplastic, fractured, or
supernumerary teeth, expanding masses such as tumours
or cysts which displace teeth or dental buds, or jaw
fracture (Fig 3).

3. Senile diastemata are common and significant in geriatric
equine patients. As the equine CT naturally tapers
towards the root, the occlusal surface length reduces
rostro-caudally at approximately 0.8–1.8 mm/year
(Carmalt and Allen 2008). Simultaneously, the reserve
crown becomes worn, especially in the angulated 06 and
11s, reducing the forces that keep the cheek teeth occlusal

surfaces compressed. With ageing, there is no change in
the production of the peripheral cementum or the amount
of periodontal ligament attachment at the gingival margin
(Staszyk et al. 2006b). Teeth continue to wear and will
eventually become smooth but they should not become
loose with normal ageing, but this is a common finding in
some older patients with periodontal disease.

4. Combined primary and secondary diastemata is seen with
improper angulation of a tooth in the rostro-caudal (mesial
to distal) direction in combination with a linguoverted,
supernumerary or dysplastic tooth. The prevalence and
clinical significance of this type of diastemata tends to
increase with age (Fig 4).

Diastemata can be further differentiated by shape (valve
or open). With valve diastema, feed material enters into a
triangular-shaped defect bound rostro-caudally by tooth,
ventrally by the gingiva and dorsally by the occlusal surface of
the arcade (Carmalt 2003). The occlusal opening of a valve
diastema is often about 2 mm wide which is approximately
40% the width of the diastema at the gingival margin, allowing
ingress of feed material, but preventing egress. In contrast,
open diastemata are relatively similar in width at the occlusal
surface and gingival margin and allow feed to freely ingress
and egress the space (Du Toit et al. 2009).

Not all diastemata should be considered problematic.
Only when the diastema contributes to the trapping of feed
material at gingival or subgingival level and thus leads to the
development of secondary periodontal disease, should it be
considered clinically significant. The impaction of food in the

Fig 1: a) Left upper cheek teeth of a 9-month-old filly. She
presented with poor weight gain, quidding hay and packing feed
in the left cheek. Developmental diastemata are present between
all deciduous premolars in addition to buccal ulceration and
rostral 606 overgrowth. b) Oral mirror examination demonstrating
an open developmental diastema between 607 and 608 with long
stem forage fibres wedged diagonally across the interdental
space. c) Open mouth 15° V-D oblique extra-oral radiograph
taken parallel to the 607–608 valve diastema. The interdental
space is wider apically in the area where forage was being
trapped.

Fig 2: a) A 3.5-year-old Saddlebred colt with left facial swelling.
Deciduous tooth fragments were removed from between the upper
right and left 06s and 07s. Intraoral bisecting angle radiograph of
the left upper premolars revealed a rostrally displaced 206 with a
distally angled crown and a diastema between the 206 and 207.
The gingiva under the deciduous tooth fragment was inflamed but
no periodontal pocket could be probed. The horse was placed on
antibiotics and the facial swelling gradually reduced over the next
6 months. b) Same horse 6 months later. Lateral radiograph
showing closure of the bilateral 06–07 diastemata. The 06s are
angled steeply in the distal direction and are beginning to develop
an occlusal wear abnormality.

© 2015 EVJ Ltd

377EQUINE VETERINARY EDUCATION / AE / JULY 2015



periodontal membranes causes a secondary bacterial
infection at the gingival margin. As infection progresses,
inflammatory mediators cause a painful inflammation of the
periodontium that can lead to gingival recession and
eventually progressive loss of attachment. Left unchecked, this
periodontitis can lead to spread of infection to the dental
apices, sinuses and deep osseous structures (Ramzan and
Palmer 2011).

Prevalence and location
Most studies show mandibular CT are significantly more
affected than the maxillary CT at 83.5 vs. 16.5% (Walker et al.
2012), 90 vs. 10% (Dixon et al. 2013) and 91.3 vs. 8.7% (Rodrigues
et al. 2013). In a university referral practice, mandibular 09–10
diastemata comprised 24.8% of all cases treated by diastema
widening (Dixon et al. 2013). In studies where an oral
endoscope was used to examine the oral cavity, clinicians
found diastemata at all interproximal sites with the lower and
upper 06–07s and 10–11s most commonly affected (Simhofer
et al. 2008; Ramzan and Palmer 2011). In a primary care
practice, the most common diastemata site (26.5% of all
diastemata) was the maxillary 07–08 position (Walker et al.
2012). Thus, diastema can affect all the cheek teeth
and prevalence may be related to differences between
horse populations, management programmes and/or oral
examination techniques.

Examination
All dental examinations should begin with a systematic and
complete history of the horse, enquiring specifically about any
trauma, reluctance to eat, quidding and changes in the
position of the head while masticating or being ridden. Note

should be made of a history of weight loss, evidence of long
forage stems or whole grain in the faeces, or of choke due to
improper mastication. Clinical evidence of diastemata
associated with early periodontal disease is often very insidious
and the only sign may be intermittent halitosis (Walker et al.
2012). Once the diastemata progress to more significant
periodontal disease, clinical signs include oral pain and
buccal food packing or dysmastication (i.e. quidding or
decreased lateral excursion of the jaw) and/or infection to the
apices of adjacent teeth, supporting bony structures and/or
paranasal sinuses with enlargement of the mandibular lymph
nodes. If the disease process reaches this advanced stage,
the prognosis is often guarded and advanced treatments may
be required.

A thorough oral examination will identify diastemata in
20–50% of horses seen in a general equine practice (Walker
et al. 2012). Examination should begin with a sedated patient,
adequately restrained in stocks or with the use of a head
stand. The oral cavity should be thoroughly rinsed and held
open with an oral speculum, comfortable and safe for the
horse and examiner. A gloved digital examination of all clinical
crowns and gingiva should be performed and palpation
along the gingival margin should not elicit pain or result in a
foul smell on the examining glove. There should not be any
detectable space between the cheek teeth at the gingival
margin or occlusal surface. Any detectable space or the
presence of food protruding between teeth should be
followed by a more detailed examination of the area. Once a
thorough digital examination has been performed, visual
examination with soft tissue retraction should follow with
lighting via a headlamp or speculum light. Good visualisation is
essential and glasses or magnification lenses may be needed
to properly view all areas of the mouth. The use of a dental
mirror and/or a flexible or rigid endoscope will greatly aid visual
identification of significant diastemata. Food fibres are
commonly observed packed transversely in small diastemata
between adjacent cheek teeth, just above the gingival
margin. If secondary diastemata are present due to dental
displacements, diastemata are easier to detect on both the
buccal and lingual sides of the displaced cheek teeth. Very
often, narrow diastemata may only be present on one
aspect of the tooth or may be present in multiple sites, so all
surfaces of the tooth should be carefully examined with a
dental mirror. A digital camera used with a mirror or
endoscope, can be helpful in recognising diastemata. Digital
images can be magnified on a computer monitor for closer
inspection (Fig 5).

Diagnosis
Any feed found trapped between CT should be removed
using right angled forceps or dental picks. Peripheral crown
plaque has been associated with periodontal disease and
should be investigated carefully and removed with a scaler. A
high pressure, right angled flush system can be helpful in
lavaging and cleaning diastemata and periodontal pockets.
A thoroughly cleaned diastema will allow the veterinarian to
assess the presence and degree of gingivitis, gingival recession
and periodontal disease. A periodontal probe can be used to
assess the depth and extent of periodontal pockets. Any
pocket over 5 mm should be considered abnormal with some
being up to 5 cm deep in advanced cases (Fig 6). All
abnormalities, including diastemata, should be charted in the

Fig 3: A DV radiograph of a 4-month-old foal with a wide diastema
between 507 and 508. This foal developed a maxillary sinus cyst as
a yearling just caudal to this area.

© 2015 EVJ Ltd

378 EQUINE VETERINARY EDUCATION / AE / JULY 2015



medical record. Charting during examination has been shown
to be the most accurate method to document findings
(Rodrigues et al. 2013).

Radiographs may be beneficial to assess the width and
depth of the diastema and, if present, the extent of the
horizontal and vertical bone loss within the periodontal
pocket. The use of intraoral or open mouth oblique extraoral
radiographs allows the veterinarian to properly assess the
number, depth and severity of the diastemata, develop a
treatment plan and monitor progression (Barakzai and Dixon
2003; Baratt 2013).

Once CT diastemata have been diagnosed and properly
charted, practitioners need to assess the stage of periodontal

disease using the staging system modified for equine dentistry
(Klugh 2010). Complete resolution of diastema may result if
diagnosed and treated early in the course of periodontal
disease. While most advanced cases cannot be cured, they
can be successfully managed with regular dental care. Cases
with mild stage 1 or 2 periodontal disease, may only require
flushing of trapped food and dental occlusal odontoplasty
(floating). More complicated cases with valve diastema and
stage 2–3 disease may require crown odontoplasty (diastema
widening) with or without other types of periodontal therapy.
Severe cases with stage 4 disease may require tooth
extraction. Some painful, severe and advanced cases may
require humane euthanasia (Dixon 2006; Klugh 2010).

Fig 4: a) A 14-year-old Quarter Horse mare presented with swelling just rostral to the left facial crest. The horse had a 200/400 diagonal
incisor bite and a mild facial curvature to the right side. Oral examination revealed buccal mucosal abrasions and multiple occlusal wear
abnormalities. The crown of 209 had infundibular cement hypoplasia with feed packed in the crown defect. Feed was packed between
208 and 209 and diastemata were detected by probing between 207–208 and 208–209. b) After flushing the diastema, a mirror allowed
visualisation of the infundibular defect in 209, an irregular shaped diastema between 208 and 209 and gingival hyperplasia and
inflammation. The crown of 208 was fractured through the buccal pulp horns (1 and 2) with the crown fragment missing. The periodontal
pocket between 208 and 209 could be probed to a depth of 20 mm and bleeding was elicited when manipulating the gingiva. No mobility
was detected from digital manipulation of the teeth. When odontoplasty procedures were performed with a rotary carbide disk, the 208
was slightly mobile. c) Open mouth right-to-left, 40° D-V oblique radiograph of the upper left cheek teeth. A diastema is present between
208 and 209. There is vertical bone loss between the 2 affected teeth and apical bone sclerosis. Mesial occlusal crown loss is present in
the area of infundibular decay involving the 209. A lytic area is present at the crown root junction of 209. d) Open mouth, offset mandible,
ventral to dorsal, radiograph of the left upper cheek teeth. The 208 is axially rotated and a wide diastema is present between 208 and 209.
The pulp horns of 208 are clearly seen, which can be an indication of endodontic disease in a horse of this age. The 208 was extracted
and the pulp was severely decayed. The clinical signs resolved over the following 3 months.
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Treatment

Dietary modification
Pasture turnout is an important part of diastema and
periodontal disease treatment. Some clinical evidence
suggests a reduced incidence in all dental abnormalities
including diastema and periodontal disease in horses on
pasture as compared to stabled horses (O’Neil et al. 2010). A
soft grass diet will usually decrease the amount of periodontal
forage packing. Other recommended dietary modifications

involve eliminating food containing long fibres of forage by
substituting finely chopped forage (grass or alfalfa pellets) or a
processed complete horse feed. Dietary modification can be
reasonably successful in treatment of certain cases, but such
horses should be monitored to ensure they maintain
bodyweight. Horses on finely chopped diets may require
dental floating every 4–6 months as this type of diet causes
horses to chew with a more vertical rather than lateral
mandibular action and reduces the overall time of
mastication, thus encouraging the development of CT
overgrowths (Bonin et al. 2007).

Diastema pocket cleaning
One of the most important and challenging aspects of
diastema treatment is cleaning the interproximal space and
periodontal pocket. Food and forage fibres are tightly
compressed into interproximal spaces by masticatory forces
during the closing and power strokes of mastication. During

Fig 5: a) Oral endoscopic view of the upper right distal 3 cheek
teeth of a 12-year-old gelding with bitting issues and periodic
halitosis. A dental occlusal elongation (abnormal transverse ridge)
is present on the mesial aspect of the 110 (large arrow). This
elongated area involves the mesial buccal cingulum which should
be the shorter area of the crown with the normal transverse ridge
involving the infundibular area of the crown. A buccal mucosal
ulcer is associated with this crown elongation (small arrow). b) The
lower right cheek teeth of the horse shown in Figure 5a,
demonstrating an open diastema between 409 and 410 with feed
packed into the space. Removal of feed material exposed a
shallow periodontal pocket (<7 mm) with mild gingival irritation.
This horse was managed with frequent (every 3–6 months)
reductions of the upper dental elongation and periodontal pocket
irrigation. The periodontal pocket had not progressed over 2 years
of follow-up.

Fig 6: a) A 10-year-old gelding presented for routine dental
examination. No signs of dental problems had been noticed by the
owner or trainer. Oral examination revealed a palatally displaced
111 with an occlusal crown elongation on the palatal edge of the
tooth causing a reverse table angle (arrowhead). A diastema was
present between 110 and 111 that contained fibres of forage.
Flushing the diastema revealed a deep periodontal pocket with a
probing depth of >30 mm. b) An open mouth, 60° R to L, V-D
oblique, radiograph of the right upper cheek teeth. A diastema
between 110 and 111 can be seen. There are bony changes
progressing apically involving the area between 110 and 111. This
type of diastema can predispose to maxillary sinusitis or even an
oro-sinus fistula with food contaminating the caudal maxillary
sinus.
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mastication, the horse chews at a rate of 8–10 chewing cycles
per 10 s. Each cycle can place a masticatory force of
800–1000 Newtons on a premolar tooth and an even greater
force on the caudal cheek teeth (Staszyk et al. 2006a). Finite
element simulations of the equine masticatory cycle have
shown that the mechanical load within the periodontal
ligament markedly increases with decreasing tooth length or
increased age (Cordes et al. 2012).

Impacted food material is highly contaminated with
potentially pathogenic micro-organisms, which have been
shown to spread to the bloodstream and may also be
aerosolised during the cleaning process in dogs and man
(Rawlinson et al. 2011). The treating veterinarian should
consider wearing a mask and antibiotic therapy may be
indicated for the animal. High pressure air abrasion can be
very helpful in cleaning diastemata and adjacent dental
plaque but should be used with caution due to the risk of
pushing bacteria deep into the tissue and possibly inducing
subgingival or subcutaneous emphysema.

Several oral medications have been advocated for the
use in the management of diastema and periodontal disease
in the horse. A 1.2% chlorhexidine mouth rinse has been used
by Australian veterinarians with anecdotal reports that it
decreases the severity of periodontal disease (G. Wilson,
personal communication). Other products, such as
delmopinol, a surface-active cationic agent, have been used
with anecdotal reports of success (Lundgren and Svenska
2013).

Reducing occlusal pressure on diastemata
Taking the area of the diastemata out of occlusion reduces
the amount of feed being compressed between the teeth
and thus into the periodontal pocket. Reducing the occlusal
surface crown height on either side of the diastema by
2–3 mm, for a width of 10–15 mm along the occlusal surface,
may be palliative. Reducing the heights of the occlusal areas
of the opposing teeth with a rounded burr or float may have a
similar therapeutic effect. Care must be taken not to overheat
or expose pulp when reducing occlusal areas. Reduction of
any exaggerated transverse ridges that have developed
opposite the diastema is a useful treatment, but obvious ridges
may not develop opposite the most problematic diastemata.
Valve diastemata frequently have minimally enlarged occlusal
interdental spaces.

Single diastema can develop secondary to dental
overgrowths (i.e. an acquired diastema between 06 and 07
caused by an overgrown rostral aspect of a 06 ‘hook’).
Removal of impacted food and reduction of the causal
overgrowth may improve clinical signs and prevent
progression. In some cases, this may even result in resolution of
the diastema by interproximal drift.

Orthodontic treatment
Orthodontic correction of the abnormal spaces is theoretically
an ideal treatment for a diastema, with orthodontic
appliances pulling the adjacent teeth into normal alignment.
However, limited access to the caudal cheek teeth poses
significant problems. Breakage of orthodontic appliances due
to the massive and continuous forces of equine mastication
and the inability to achieve sufficient compression on
appropriate areas of affected CT are the major drawbacks to
this technique. Crown odontoplasty techniques can be used in

selected cases to change the masticatory orthodontic forces
on a displaced tooth and encourage it to move to a more
desirable position.

Packing and bridging diastemata
Problematic diastemata may be successfully managed with
interproximal bridging techniques utilising firm or hard,
semi-permanent dental materials to prevent food impaction.
The diastema should always be thoroughly cleaned prior to
bridging. Carious dental material is best removed from within
the interproximal space and from buccal and lingual borders
using a cylindrical diamond burr on a high speed,
water-cooled pneumatic dental handpiece.

Materials used to bridge the diastema include:

1. Hard material such as polymethyl-methacrylate (bone
cement) or acrylic orthodontic repair resin, resin-based
human temporary crown and bridge material, or a
microhybrid posterior restorative material.

2. Semi-rigid material such as a vinyl polysiloxane dental
impression material.

3. Soft material such as dental wax.

Some rigid materials can be placed with or without using a
bonding agent. The treatments utilising hard interproximal
bridges conserve the occlusal surface and stabilise adjacent
teeth. A disadvantage is that the material wears and
becomes dislodged over time, possibly causing severe buccal
or lingual trauma. Such cases may require frequent
re-examinations and retreatment. The fundamental
mechanical problems that initially predisposed to feed
impaction in the diastema will remain and the clinical problem
will likely reoccur.

Shallow periodontal pockets can be filled with a layer of
antibiotics, such as doxicycline gel, biodegradable thermal
reversible gel impregnated with an appropriate antibiotic, or
metronidazole tablets prior to the placement of the dental
bridge. Applications of antibiotic or chlorohexidine-containing
pastes or plaster of Paris can be placed into the subgingival
pockets and covered with bridging material. Deep
periodontal pockets are usually associated with interdental
bone loss and ideally would have treatments that include a
material that allows the regrowth or regeneration of
interproximal bone. Some products used in human dentistry to
stimulate bone regeneration include bone chips, absorbable
bone cements, bioactive glass and bioabsorbable
membranes.

Portland cement or mineral trioxide aggregate (MTA) can
be used to fill defects and if allowed to cure properly will stay
in place, thereby requiring less reapplication. Deep
subgingival pockets can also be filled with a bridging material.
This treatment does not allow for gingival or bone regeneration
but circumvents food contamination of the pocket and
achieves a rapid but often temporary decrease in pain and
inflammation. This technique has been successfully used to
treat chronic oromaxillary fistulae secondary to diastema in 7
aged horses (Hawkes et al. 2008).

Widening interdental spaces
Diastema widening is well documented (Rucker 2006; Dixon
et al. 2008, 2013) and especially in valve diastema allows food
to move out of the space during mastication. The diastema
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can be widened with a diamond or carbide burr (>4–5 mm
diameter). Careful burring (odontoplasty) following the
contour of the sometimes diagonal or curved interdental
space, is critical. Water cooling the burr is recommended to
prevent overheating the live pulp. Many pulp horns are

positioned very close to the caudal (distal) borders of the tooth
and there is risk of iatrogenic pulp damage when performing
treatments (Bettiol and Dixon 2011; Dixon et al. 2013). If a pulp
horn is exposed, pulp capping may be necessary to salvage
the tooth.

Widening the diastema to 4–6 mm at the occlusal surface
reduces or even eliminates the long-term entrapment of long
fibres between the teeth as it allows food to more easily cycle
through the interproximal space. This technique is effective but
potentially invasive. When performed by a trained
veterinarian, this procedure is of great benefit in the most
severe refractory problematic diastema cases when
conservative therapy has failed. Veterinarians with proper
training can perform diastema widening on a standing,
heavily sedated horse. Appropriate nerve blocks should be
utilised to control pain in advanced cases. Access to the more
caudal mandibular CT can be problematic due to tongue
and head movement, but is possible in a well sedated horse.
The veterinarian should continuously examine the area with a
dental mirror and/or endoscope. Palpation and proper
visualisation should be used to ensure that the correct
interdental area is being widened. It is easy to mistakenly cut
into one of the normal vertical grooves in a tooth, rather than
the interdental space and so accidentally expose the pulp
chamber. A conical burr is inserted horizontally into the
diastema on the lingual/palatal (medial) aspect of the
interdental space at the widest aspect of the diastema at
the gingival level. The rotating burr is then moved in an
occlusal direction to widen the diastema until the burr
emerges above the occlusal surface. The process is repeated
on the buccal aspect of the diastema. The burr is then placed
vertically into the diastema and moved across the interdental
space. As the distal pulp horns of cheek teeth lie very close to
the caudal aspect of the teeth, an attempt must be made to
remove most of the dental tissue from the rostral aspect of the
tooth lying caudal to the diastema (Bettiol and Dixon 2011;

Fig 7: a) A 5-year-old polo horse presented for weight loss over the
past 6 months and recent quidding of hay and grass. Examination
detected mild soft tissue swelling and enlargement of the left lower
jaw. Digital and visual oral examination with the aid of a mirror
revealed dental occlusal wear abnormalities, displacements and
diastemata between the 07–08s, 09–10s and 10–11s in both lower
dental rows with feed packing between displaced teeth.
Periodontal probing revealed deep (>20 mm) periodontal pockets
mesial to both lower 10s. Both lower 10s had a mobility index of 3
with more than 3 mm of lingual to buccal motion elicited with a
forceps on the exposed crown. b) Open mouth radiographs
showed a wide diastema between the lower 09–10s with a
widened periodontal space (narrow arrow) and vertical bone loss.
An area of bone lysis surrounded by condensed bone was apical
to the 310 (thick arrow). This would support a diagnosis of primary
periodontal disease with endodontic involvement. c) Both stage 4
periodontally and endodontically diseased lower 10 s were
extracted. The occlusal surfaces were steeply sheared. Gingival
recession and hyperplasia were present. The occlusal cementum
appeared thin and discoloured at the area distal to the normal
exposed crown. Post extraction the dental sockets were irrigated
and packed with iodiform gauze. Packing changes were
performed weekly for 4 weeks and after the socket was
granulating well, the horse was turned out on grass pasture for
another 30 days. No more quidding was noticed. The horse
returned successfully to polo work in 60 days. Regular long-term
dental care was recommended to help control dental occlusal
overgrowths and tooth drift.
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Dixon et al. 2013). Following this procedure, many horses
experiencing severe oral pain and quidding become
asymptomatic within a week or so of treatment and some
younger horses are permanently cured (Dixon 2006; Rucker
2006; Dixon et al. 2013).

Extraction
Where a diastema is secondary to severe developmental
displacement, especially if only one or 2 cheek teeth are
involved, extraction of the displaced cheek tooth has proved
to be a radical but successful treatment, even in young horses
(Fig 7). However, widening the interdental space and reducing
the protruding areas of displaced teeth (and any overgrowth
on opposite teeth) should be considered the first option. In
some cases, especially in older horses, the periodontal disease
may have loosened the tooth, facilitating oral extraction.
Subsequent drifting of the remaining teeth caused by the
tooth extraction may create new diastemata (Vlaminck et al.
2008). In most cases, the teeth on either side of the extraction
tend to move in an ‘en bloc’ fashion to close the extraction
space, without development of diastema between individual
teeth. Exodontia is associated with the development of dental
overgrowths on the opposing CT row which require regular
dental care to prevent masticatory difficulties, malocclusions
and damage to the oral soft tissues (Townsend et al. 2008).

Euthanasia
Euthanasia may occasionally be required for humane reasons
if widespread diastemata with deep food pocketing and
severe periodontal disease are present. Less valued horses
and economic constraints are considerations for such cases. In
a more valuable horse, extraction of multiple cheek teeth and
removal of food and infected materials from deep within the
supporting bones is a viable and appropriate option. Lifelong
dietary supplementation with chopped feed will be necessary
in most of these cases.

Conclusion
A more detailed equine oral examination using proper
examination technology and techniques will identify diastema
and concurrent periodontal disease in early stages.
Periodontal disease progression can be halted if diagnosed
and managed appropriately. Due to the highly vascular and
active periodontium of the horse, treatment reversing
pathological changes is possible.
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Critically Appraised Topic

Is flushing and packing adequate for diastema treatment?
N. Townsend
Philip Leverhulme Equine Hospital, University of Liverpool, Neston, UK.
Corresponding author email: nt8261@liv.ac.uk

Introduction
The 6 cheek teeth (CT) of the horse should act as a single
grinding unit with tight interproximal contact due to the
opposing angulation of the 06 s, 10 s and 11 s. Diastemata
(inappropriate gaps between the CT) and associated
periodontal disease is recognised as the main cause of oral
pain and quidding in referral cases (Collins and Dixon 2005;
Dixon et al. 2008, 2014). Diastemata can be divided into
‘valve-type’ or ‘open-type’ and most frequently involve the
caudal 2 mandibular interdental spaces – making diagnosis
and treatment a challenge (Collins and Dixon 2005). They may
also be divided into primary (developmental) diastemata and
secondary diastemata. Primary diastemata occur due to
inadequate angulation of the 06 s, 10 s and 11 s or due to the
embryonic dental buds developing too far apart (Dixon et al.
2008). Secondary diastemata develop due to displacement of
CT or supernummery CT (Dixon et al. 2008). The true incidence
of diastemata is unknown with various studies showing a
prevalence of between 29% and 60% that tends to increase
with age (Colyer 1905; Baker 1970; Wafa 1988). A recent UK first
opinion practice study showed that 49.9% of horses having
dental examinations had diastemata, with 40% of these
diastemata being associated with periodontal disease (Walker
et al. 2012).

Extensive evidence would suggest that periodontal
disease in human patients is primarily bacterial in nature,
initiated by plaque, which contains a complex microbial
community (Eick and Pfister 2002; Nanci 2008). A similar
aetiology is present in canine periodontal disease (Wiggs and
Lobprise 1997). Treatment of periodontal disease in humans is
divided in phase 1 (nonsurgical) and phase 2 therapies. Based
on the knowledge that plaque is the major aetiological agent
in periodontal disease, one specific aim of phase 1 therapy is
effective plaque removal and home maintenance (Drisko
2001). Removal of plaque is achieved using ultrasonic scaling
and pulsed irrigation (Stein 1993; Walsh 1993), with daily
maintenance by tooth brushing, interdental brushing and
interdental flossing. Phase 1 therapy also includes calculus
removal and management of carious lesions. The long-term
success of periodontal treatment depends predominantly on
maintaining the results of phase 1 therapy and much less on
specific surgical procedures (Drisko 2001).

Treatment of equine diastema in the clinical setting
involves first performing a complete oral examination to
determine the morphology of the diastemata along with the
position and depth of the periodontal pockets. Removing
teeth from occlusion, reduction of transverse ridges, extraction
of displaced CT, flushing of food material and packing of
periodontal pockets have been proposed as treatments for
equine diastemata (Collins and Dixon 2005; du Toit 2012). For
valve type diastemata – widening with a mechanised burr has
been shown to be an effective treatment for carefully
selected cases (Dixon et al. 2008, 2014).

Quantity and quality of evidence
A search of the literature using ‘equine periodontal disease’
yielded 63 publications consisting largely of 38 original articles
and 11 review articles which also included incisor and canine
disorders as well as CT disorders. Narrowing the search further
to ‘equine diastemata’ yielded 15 publications that consisted
of 11 original articles, 2 review articles, one editorial and one
conference proceedings. Numerous other conference
proceedings regarding equine diastemata are known to the
author that did not appear in the search. Crucially within this
small diastemata subset only 2 of the articles describe
treatment of diastemata – both retrospective studies involving
diastemata widening (Dixon et al. 2008, 2014). In the second of
these studies data from 100 horses was not presented in the
manuscript as the diastemata were not widened, but were
treated with extraction of CT or diastemata flushing and
packing.

In contrast, a search for ‘human periodontal disease’
yielded 45,623 publications, 84% of which were original articles.
Twenty of these were systematic reviews from the Cochrane
Collaboration regarding different aspects of periodontal
disease including differing treatment regimes.

Clinical message
Within the equine literature there is insufficient evidence to fully
answer the question posed. This must be borne in context that
there is little evidence on the treatment of equine diastemata,
all regarding diastema widening, which is only appropriate for
a small subset of diastemata.

Phase 1 periodontal therapy in human patients centres on
controlling plaque (bacterial reservoir), removing calculus,
management of caries lesions and re-evaluating the tissues.
Whilst slightly differing aetiologies, this can be applied to the
equine patient. Ultrasonic scaling and irrigation is used to
remove the plaque reservoir in humans whereas this is
substituted for high-pressure irrigation or air abrasion to remove
food material in horses. Regular maintenance is required in
humans to prevent build-up of bacteria including tooth
brushing, interdental brushing and flossing. As none of these
are achievable in the horse, packing of the interdental space
and periodontal pocket will reduce bacterial load and allow
healing, though no recommendations exist on the length of
time these should be packed for, or the materials to use.
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Is there a place for thermocautery of the soft palate?
S. Z. Barakzai
Chine House Veterinary Hospital, Sileby, UK.
Corresponding author email: szbarakzai@gmail.com

Studies evaluating thermocautery of the soft palate were
identified using a search on PubMed and the search terms
‘horse’ and ‘dorsal displacement of the soft palate’ or ‘soft
palate’. Additionally, conference proceedings from BEVA and
other congresses were included. If studies were presented at a
congress but subsequently published in peer-reviewed
journals, the conference abstracts were not included.

Quantity and quality of studies

Level of evidence
Five studies were identified that investigated the effects of
thermocautery of the soft palate (Ordidge 2001; Reardon
et al. 2008; Barakzai et al. 2009; Franklin et al. 2009; McCluskie
et al. 2009). The level of evidence presented by these studies
ranged between levels 2–4: one study was a case series
evaluating data pre- and post treatment (level 4; Ordidge
2001), 3 studies were level 3–4 (parallel pre–post treatment
studies; Barakzai et al. 2009; Franklin et al. 2009; McCluskie
et al. 2009) and one was level 2 (cohort study using racing
peers; Reardon et al. 2008). Additionally, there is a systematic
review of all these studies authored by Allen et al. (2012)

Inclusion criteria
The largest studies (Ordidge 2001: n = 187 and Reardon et al.
2008: n = 110) did not include any horses with a definitive
diagnosis of dorsal displacement of the soft palate (DDSP).
Knowing that a presumptive diagnosis of DDSP carries with it
approximately a 35% misdiagnosis rate (Lane et al. 2006), it is
likely that these 2 studies included a good number of horses
that did not have the disorder. A definitive diagnosis of palatal
dysfunction was obtained in all horses in 3 studies (Barakzai
et al. 2009; Franklin et al. 2009; McCluskie et al. 2009).

Comparator groups
Three studies used appropriate comparator groups of
alternative interventions for DDSP in which all horses had been
definitively diagnosed (Barakzai et al. 2009; Franklin et al. 2009;
McCluskie et al. 2009) and one study assessed the treatment
group against a race-peer matched comparison population
(Reardon et al. 2008). The disadvantage of using a
comparison population such as this is that the DDSP status of
this population is unknown.

Variation in treatments
Three studies reported on horses which had had only
thermocautery, however Franklin et al. (2009) and McCluskie
et al. (2009) included some horses which had had
sub-epiglottic resection concurrently performed. No study
gave a clear indication of the technique of thermocautery
employed, i.e. how many points or what % surface area of the

palate was fired, the temperature of the instrument used, for
what period of time the heated instrument was left in place,
etc.

Outcome measures and result
The pre/post intervention case data presented by Ordidge
(2001) provides the weakest level of evidence because no
comparator group was included, only subjective outcome
measures were used and horses did not have a definitive
diagnosis. The initial results from this study reported that a high
number of trainers (72%) considered this treatment to be
successful. However, only 48% of the horses that were reported
to make ‘gurgling’ noise presurgery ceased ‘gurgling’ after
surgery (Allen et al. 2012). One study used what is arguably the
gold standard, i.e. repetition of exercising endoscopy post
operatively to assess if DDSP or palatal instability (PI) has
resolved (McCluskie et al. 2009). Unfortunately there were very
small numbers included in this report, but the results showed
that for 6 horses with DDSP, 3 still had DDSP and 3 improved to
only having PI, and for 6 horses with PI, 5 continued to have PI
and one progressed to having DDSP following the intervention
(McCluskie et al. 2009). However, the 12 horses included in this
study represented only 32% of those horses that had
undergone the thermocautery procedure, and thus there is
potential for results to be biased towards unsuccessful cases
where owners sought to have repeat treadmill endoscopy
performed.

Three studies used varying measures of racing
performance as the outcome measure (Reardon et al. 2008;
Barakzai et al. 2009; Franklin et al. 2009). Racing performance
can only be considered to be a ‘proxy’ measure of surgical
success because so many other factors affect it. Additionally,
there is considerable variation in parameters that were
assessed (earnings, placings, official ratings, number of pre
and post operative races or time period assessed). The
reported percentage of horses with improvement in race
performance varied depending on which race parameter
was assessed: 28–51% (Reardon et al. 2008), 32–59% (Franklin
et al. 2009) and 35–40% (Barakzai et al. 2009), but in all studies,
the level of success was modest at best.

Complications identified
Discomfort for up to 36 h was reported by Ordidge (2001) but
the number of horses affected was not stated. Intra and post
operative complications did not occur in 2 studies and were
not reported in 2 studies.

Conclusions
Although the first study by Ordidge (2001) reported a high
success rate, this has not been verified by subsequent studies
with more rigorous inclusion criteria and outcome measures.
The majority of studies performed to date suggest that this
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surgery is likely to result in only modest success (28–59%), yet
the procedure is still performed widely throughout the UK. It
would seem that in view of this flagrant disregard for the
evidence base that is available, and given that the available
evidence is certainly flawed, further investigation of this easily
performed and inexpensive technique is warranted. The use of
post operative exercising endoscopy to confirm successful
treatment probably provides the gold standard for assessment
of ‘success’; however, even this is not straightforward due to
the sometimes intermittent nature of DDSP and PI.
Thermocautery is thought to exert its effect via changing the
compliance of the palate – studies evaluating mechanical
and histological changes in the cauterised palate (as has
been previously performed for palatal sclerotherapy and laser
cautery) are therefore urgently indicated.
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The AAEP’s mission “to improve the health 

and welfare of the horse” is enabled by  

the steadfast support of its Educational  

and Media Partners, an esteemed group  

of companies committed to the betterment 

of the equine industry and your profession.
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Mission
To serve as the 
charitable arm of the 
AAEP to improve the 
welfare of the horse.

Supporting Your  
Foundation
The AAEP Foundation, led by AAEP members, 
supports the AAEP as its charitable arm. The 
AAEP Foundation helps support:

To support your Foundation, visit  

Your Foundation at Work for You

http://www.aaepfoundation.org


A 3-year-old Thoroughbred filly presented from a race with a complete and 
displaced lateral condylar fracture.

HISTORY

DIAGNOSTICS

STA NDING MR I Findings 

The results of the standing 
MRI identify the value of 
pre-surgical evaluation of the 
fracture for better treatment 
recommendations and prognosis. 

TR EATMEN T: Pre & Post MRI Radiographs

In spite of the poor prognosis for future racing 
soundness the owners elected to repair the condylar 
fracture given the filly’s residual value as a breeding 
animal. She has been retired to life as a brood mare.

Standing Equine MRI

CLEAR DIAGNOSTICS. BETTER OUTCOMES.
standing mri offers no stress, no anesthesia,  

JUST INFORMATION.
CASE STUDY NO. 4

To locate a Hallmarq standing equine MRI machine  
near you, visit www.hallmarq.net.

Special thanks to John Peloso, DVM, MS Diplomate, ACVS and Equine Medical Center of Ocala, Florida, for the case study.  
©2015 Hallmarq, LLC.  All rights reserved.

� Physical exam: 

The red arrow in the T1W 
transverse MRI image at right 

identifies that a “Y” shaped 
osteochondral fragment is not 

evident at the palmar aspect of 
the distal cannon bone. 

The red arrows in the T1W frontal MRI images 
above identify the axial fracture of the lateral 
sesamoid bone.

http://www.hallmarq.net


Leaders in Regenerative Healing

• Blood-separating technology ensures pure PRP – separating gel 

physically separates plasma and platelets from red and white blood cells 

– takes the guess work out of PRP separation

• 9 mL of blood and 6-minute centrifuge spin achieves 

consistent plasma and platelet separation every time

• Technology results in fibrin matrix so platelets and 

growth factors remain protected until activation

• Closed-system preparation yields 4-5 mL of PRP ready 

for sterile injection into tendon/ligaments, soft-tissue 

and wounds

• Portable PRP processing available: with case, sterile 

kits, and low-cost  centrifuge

Get the most out of Pure PRP
ProTec™ PRP – Simple, consistent preparation meets effective healing

Leadership in Veterinary Regenerative Technology PureProTec.com

1 Allen, K Virginia Equine Imaging • 2 Turner T, Anoka Equine Veterinary Services. • 3 McClure S, et al. 2004 AAEP • Proceedings. Vol. 50 •  ©2014 PulseVet Technologies, Alpharetta, GA. 

 90% success in 
treating backs 1

 Faster healing of 
coffin joint collateral 
ligaments 2

• Clinically proven to reduce lameness in horses with Navicular 
Syndrome, tendon/ligament injuries, and other chronic 
orthopedic conditions

• Delivers high-energy, focused shock waves to customizable 
depths (up to 110 mm) 

• Backed by more than a decade of clinical 
research – unmatched by any other system

• Used at more veterinary universities and clinics worldwide

• Treatments covered by most insurance companies

High-Energy, Focused Shock Wave That’s UNMATCHED

ASK FOR IT 

BY NAME!

 81% improvement in 
horses with Navicular 
Syndrome 3

BY N

VersatronShockWave.com

http://www.PureProTec.com
http://www.VersatronShockWave.com

