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Ethics: Resolving professional differences with dignity 

A recent case brought before the AAEP’s Professional 
Conduct and Ethics Committee involved slander of a  
veterinarian by another veterinarian via social media. As 
the committee reviewed the case, the topic struck a sharp 
chord with myself and others. As veterinarians, we should 
be assisting each other instead of tearing each other down.  

For a moment, let’s review the oath we stated when we 
entered this profession:

Being admitted to the profession of veterinary medicine, I 
solemnly swear to use my scientific knowledge and skills 
for the benefit of society through the protection of animal 
health and welfare, the prevention and relief of animal 
suffering, the conservation of animal resources, the 
promotion of public health, and the advancement of 
medical knowledge.

I will practice my profession conscientiously, with dignity, 
and in keeping with the principles of veterinary medical 
ethics.

I accept as a lifelong obligation the continual improve-
ment of my professional knowledge and competence.

Although our veterinary oath doesn’t specifically state that 
we are to work together, I personally feel that many 
actions of individuals today brought to the committee’s 
attention do not express the dignity that is spoken of in 
the second section of the oath we all swore to.

It may be debatable as to whether this is a problem with 
only our profession or if it is a current societal problem. I 
ask you to consider this: Should we behave above the 
standards that society has set for us? I believe this to be an 
overwhelming yes! There are diplomatic and professional 
ways to disagree with a colleague that do not tear our 
industry down.  

Let’s take a moment to look at our industry compared to 
a few other professions. According to the AVMA’s “2013 
U.S. Veterinary Workforce Study: Modeling Capacity 
Utilization,” we had approximately 90,200 active veteri-
narians in 2012. The study also stated we would be 
graduating approximately 3,457 veterinarians that year.  
In 2013, the published paper “A Census of Actively 
Licensed Physicians in the United States, 2012” stated that 
there were 878,194 actively licensed medical doctors and 
osteopathic doctors, with an astounding 661,996 
graduates expected that year. The American Bar 
Association estimated 1,245,205 licensed lawyers in the 
U.S. in the same year. These numbers are presented to 
illustrate just how small our profession is compared to 
some of the other prominent professions in the U.S. 

Personally these numbers make me feel proud. I feel like I 
belong to a small but elite group of individuals, each of 
whom has dedicated their life to “use my scientific 
knowledge and skills for the benefit of society through the 
protection of animal health and welfare, the prevention 
and relief of animal suffering, the conservation of animal 
resources, the promotion of public health, and the 
advancement of medical knowledge.” These numbers can 
also be daunting. When you are such a small profession, it 
doesn’t take many individuals or scandals to completely 
tear the profession down. 

I do not want to promote complacency amongst the 
members of our veterinary medicine community; rather I 
would like to ask that if you find yourself in disagreement 
with another member or sector of the profession, please 
find a professional and dignified way to discuss the 
difference of opinion. Slander and belittling of a certain 
individual or procedure via social media will do nothing 
but blemish our small profession. A group that appears 
fractured will not survive very long.  

I personally love the difference of opinions in veterinary 
medicine and feel it is beneficial to our patients as a 
whole. We must remember to utilize our differences in 
treatment modalities and viewpoints to further veterinary 
medicine—not to damage what I believe to be one of the 
purest and most upstanding professions practicing 
medicine today.

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

By Loni Taylor, DVM

Dr. Loni Taylor 
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A contingent of 12 AAEP officers, members and staff, 
along with more than 75 other equine industry stake-
holders, converged on Washington, D.C., June 15-17 to 
advocate for the horse, horse industry and equine 
veterinary profession during the American Horse 
Council’s annual Congressional Ride-In.

The AAEP delegation canvassed the Capitol meeting with 
senators, representatives and their staff on important leg-
islation currently under consideration. Following are 
synopses of the AAEP’s federal legislative priorities in the 
current congressional session, with bill numbers in italics. 

Prevent All Soring Tactics (PAST) Act
S.1121 and H.R.3268
The PAST Act would prevent the soring of Tennessee 
Walking Horses by strengthening the U.S. Department of 
Agriculture’s enforcement authority, ending the use of 
action devices and performance packages, and increasing 
penalties for those involved with the cruel practice. The 
AAEP actively supports passage of this bill.

Horse Protection Amendments Act 
S.1161
A competing piece of legislation to the PAST Act, the Horse 
Protection Amendments Act would preserve self-regulation 
of the Tennessee Walking Horse industry, thus upholding the 
abusive practices used to produce an exaggerated gait. The 
AAEP actively opposes passage of this bill.

Safeguard American Food Exports (SAFE) Act 
S.1214 and H.R.1942
The SAFE Act would prohibit the sale or transport of 
horses and other equines for the purpose of slaughter for 
human consumption without adequately addressing the 
resultant welfare issues of these unwanted horses. The 
AAEP actively opposes passage of this bill.

Horse Transportation Safety Act 
S.850 and H.R.1282
The Horse Transportation Safety Act would prohibit the 
practice of transporting horses in double-deck trailers. 
The AAEP supports passage of this bill.

Horseracing Deregulation Act 
S.1174 and H.R.2182
The Horseracing Deregulation Act would repeal the 
Interstate Horseracing Act of 1978 and horse racing’s 
exemption from the prohibitions of the Unlawful Internet 
Gambling Enforcement Act, which regulates interstate 
wagering on the Internet. The AAEP opposes passage  
of this bill.
  

Thoroughbred Horseracing Integrity Act
H.R.3084
The Thoroughbred Horse Racing Integrity Act would 
implement national uniform medication rules for 
Thoroughbred racing through an independent, non-gov-
ernmental authority established by the United States Anti-
Doping Agency. At press time, the AAEP had not taken 
an official position on this bill, which was introduced 
July 16.

National Forest System Trails Stewardship Act 
S.1110 and H.R.845
Although not as high of a priority for the AAEP as the 
aforementioned legislation, the National Forest System 
Trails Stewardship Act is important to the broader equine 
industry and would improve access to America’s National 
Forests through improved trail maintenance and preser-
vation. The AAEP supports passage of this bill.

The AAEP encourages you to contact your federal legisla-
tors concerning these issues. Contact information for 
members of the U.S. Senate and House of Representatives 
can be found at www.congress.gov/members. Additional 
information about these bills is accessible through  
www.congress.gov.

For additional details or to offer your assistance with  
legislative and scope of practice advocacy, contact Keith 
Kleine, director of industry relations, at kkleine@aaep.org 
or (859) 233-0147.

AAEP leaders mobilize on Capitol Hill

Delegation meets with legislators to discuss bills affecting the horse and profession

AAEP members meet with U.S. Representative Ted Yoho, 
R-Fla., a large animal veterinarian who reintroduced the 
PAST Act in the House of Representatives on July 28.  
From left: Drs. Jerry Black, Tracy Turner, Ted Yoho,  
Kent Carter and Doug Corey.

http://www.congress.gov/members
http://www.congress.gov
mailto:kkleine@aaep.org
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Step up your foot expertise during Podiatry Workshop at convention

A healthy veterinarian-farrier relationship is 
essential to delivering the best possible hoof 
care for your clients’ horses. At the AAEP’s 
Podiatry Workshop, to be held Saturday, 
Dec. 5 during the association’s 61st Annual 
Convention in Las Vegas, Nev., veterinary 
foot experts and certified farriers will 
provide the classroom instruction and 

practical wet-lab training you need to manage not only the 
normal equine foot but the variety of foot conformations 
that can inhibit soundness and performance. 

Morning educational sessions will begin with discussion 
of the normal equine foot before transitioning into the 
biomechanics and distinct veterinary and farriery roles in 
the management of the following conformations: 

Afternoon wet labs will instill principles learned during 
the morning session. Radiography and other technologies 
will be used to evaluate the mechanics of demo horses’ 
feet and then to show how corrective farriery affects the 
mechanics of each of these conformations. Large flat 
screens will show the work as it progresses to facilitate 
table topic-style discussions.

Podiatry Workshop 
attendance will be capped 
at 100 to ensure an optimal 
learning experience. 
Workshop registration is 
$235 and can be completed 
with your convention regis-
tration. The workshop reg-
istration deadline is Nov. 6.  

The Podiatry Workshop 
will be held from 8:00 
a.m.-5:00 p.m. at the 
Oquendo Center, less  
than 15 minutes from the 
Mandalay Bay Convention 
Center. Participants are responsible for their own  
transportation to and from the workshop. Lunch will  
be provided. View a detailed agenda and register for the 
workshop at www.aaep.org/info/annual-convention.

The Podiatry Workshop is sponsored by:

Combined lecture-wet lab program limited to 100 attendees

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

A video replay, including presenta-
tions, of the sixth Welfare and 
Safety of the Racehorse Summit, 
held July 8 in Lexington, Ky., is 
available at http://tinyurl.com/
oldl2mq. Topics covered at the 
summit included racetrack 
surfaces, equine and jockey injury 
databases, continuing education 

and post-mortem programs. Speakers and panelists 
included AAEP members Dr. Rick Arthur, Dr. Larry 
Bramlage, Dr. Scott Palmer and Dr. Mary Scollay.

The Unwanted Horse Coalition’s new 
informational brochure Preventing 
Unwanted Horses: Geld and Spay, 
created as a supplement to the UHC’s 
successful Operation Gelding 
program, highlights the benefits and 
importance of gelding, spaying and 
hormone therapy as components of 
responsible horse ownership. To 

request brochures to distribute to clients or make 
available in your clinic, contact Dagmar Caramello at 
dcaramello@horsecouncil.org or (202) 296-4031.

http://www.aaep.org/info/annual-convention
http://tinyurl.com/oldl2mq
mailto:dcaramello@horsecouncil.org
http://tinyurl.com/oldl2mq
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If you have a position to fill in your practice, begin your 
recruitment efforts at the AAEP’s Job Center.

Identify viable candidates through a filtered search of more 
than 1,300 resumes already populated in the online 
database. You can search by keywords or by state/location. 

Post your position easily by entering the job specifics in 
the available template and receive updates when individu-
als file for the position. New job postings are also pushed 
to those job seekers who have signed up to receive weekly 
e-mails of new position listings. The job post history is 
archived so you can conveniently repost the position again 
if needed.

The pricing options for 30- and 60-day posts are approxi-
mately 40% of the industry average. Additional marketing 
options are available if you wish to have your post receive 
enhanced exposure.

Visit the Job Center at http://jobs.aaep.org to get started.

Find your next employee through the AAEP’s Job Center

Touch Point: Clients expect you to be knowledgeable about newest treatments

The AAEP’s market research with more than 6,100 horse 
owners and trainers revealed that veterinarians have the 
biggest opportunity to increase owner satisfaction by 
staying current on the latest developments and treatments 
in equine medicine. 

Fifty-two percent of survey respondents ranked this attribute as being “extremely 
important” in affecting their satisfaction with their current veterinarian, yet only 
35% stated that his or her veterinarian could be described as up to date. This is a 
key area of underperformance for many equine veterinarians.

Horse owners and trainers often research the latest treatment options and want  
to talk about them with their veterinarian. Everyone has encountered the question 
from a client—“Hey Doc, did you read about the new treatment option for Disease 
X?”—and not been able to answer because you are unfamiliar with the information.

There are many ways for veterinarians to remain current on veterinary  
developments: read publications or new research findings on the Internet,  
attend conferences and seminars, or take continuing education courses. 

To help veterinarians improve their satisfaction ratings in this area, the Touch 
program is making it easier for you to read what your clients are reading about 
horse health. Each month, AAEP members receive via e-mail the TouchPoints 
eNewsletter, which provides links to the most relevant equine health news from the last 30 days. With this  
information already compiled and delivered directly to your inbox, learning about trends and treatments has  
never been more convenient.

The Touch program is provided exclusively to AAEP members. All Touch research and tools are available at touch.aaep.org.

http://jobs.aaep.org
http://touch.aaep.org
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A federal grant in support of the Equine Disease 
Communication Center, reflections on the 10th anniversary 
of the formation of the Unwanted Horse Coalition (UHC) 
and updates on newcomer recruitment efforts were among 
the highlights of the American Horse Council’s National 
Issues Forum in Washington, D.C., on June 16.

Speakers at this year’s forum, sponsored by AAEP 
Educational Partner Luitpold Animal Health, addressed the 
theme “Protecting and Promoting the Horse.” Presentations 
from representatives of the U.S. Department of Agriculture’s 
Animal and Plant Health Inspection Service (APHIS) 
comprised much of the morning session. 

After explaining how APHIS and the equine industry 
interact to protect the health and welfare of horses, Gary 
Woodward, deputy undersecretary for marketing and 
regulatory programs, announced a $75,000 USDA grant to 
the AAEP Foundation for the Equine Disease 
Communication Center, which is being developed by the 
AAEP and others as a national hub for equine disease 
reporting and communication.

“This contribution signifies federal recognition of how 
important the Equine Disease Communication Center is to 
the industry and the role the horse community plays in 
preventing infectious diseases,” said Dr. Nat White, chair of 
the AAEP’s National Equine Health Plan Task Force.

Following the USDA segment, the UHC marked the 10th 
anniversary of its formation out of the AAEP’s 2005 
Unwanted Horse Summit, which brought the industry 
together to develop long-term solutions to reduce the 
number of unwanted horses. A video highlighting the initia-
tive’s ongoing progress and impact can be viewed at http://
tinyurl.com/o64faeo. The segment closed with AAEP 
President Dr. Kent Carter accepting an award on behalf of 
the AAEP for both its foresight in organizing the UHC and 
its continued support.

The afternoon session included a panel focused on 
“Promoting the Equine Experience,” which offered updates 

about three initiatives designed to foster connections 
between the general public and the equine industry:

other Thoroughbred-related experiences in Kentucky. 
Its kickoff will coincide with the Breeders’ Cup World 
Championships at Keeneland Race Course in October. 

launched two years ago, is engaging the public 
through a statewide network of neighborhood equine 
education centers at existing stables where anyone can 
learn about horses and horsemanship. 

Time to Ride has nearly 1,000 hosts from 49 states par-
ticipating in the 2015 Time to Ride Challenge. More 
than 4,100 newcomers have had a horse experience at 
206 events since this year’s challenge began in May. 
Time to Ride is an initiative of the AHC’s marketing 
alliance, of which the AAEP is a member. 

Horse protection, promotion spotlighted at AHC National Issues Forum
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AAEP President Dr. Kent Carter addresses the audience 
after accepting an award on behalf of the AAEP from the 
Unwanted Horse Coalition.

September 10-12, 2015
Lexington, Kentucky

Register online by Aug. 31 at www.aaep.org/info/focus-performance.
Register on site at the Hilton Lexington Downtown beginning Sept. 9.

Sponsored by: 

If your clients’ horses run, jump, spin or slide, don’t miss

http://www.tinyurl.com/o64faeo
http://www.aaep.org/info/focus-performance
http://www.tinyurl.com/o64faeo
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Six promising new veterinarians selected for AAEP Foundation scholarships

Cash in savings opportunities with John Deere, Nationwide

Are you in the market for farm equipment, lawn 
equipment or insurance products? If so, you can leverage 
your AAEP membership into meaningful savings with 
John Deere and Nationwide through the NTRA 
Advantage program. 

Discounts between 14% and 28% and $35 to $2,500 are 
available to AAEP members on a wide assortment of John 
Deere tractors, mowers, utility vehicles and other 
products. Simply call (866) 678-4289 and an NTRA 
Advantage representative will work with you and your 
local John Deere dealer to ensure you receive the appro-
priate savings.

Nationwide offers a full range of insurance products from 
home and auto to powersports and specialty health. For a 
free quote or to discuss your insurance needs, call (866) 
633-5407 or visit www.nationwide.com/NTRA.

These savings opportunities are available to AAEP 
members as a result of the AAEP being an affiliate 
member of the American Horse Council, which has 
contracted with NTRA 
Advantage as its 
discount program 
provider.

Six veterinary graduates of 2015 committed to careers in 
equine medicine have been selected by the AAEP Foundation 
to receive $4,000 scholarships, which will be presented 
during the Dec. 8 AAEP Foundation Celebration in Las 
Vegas, Nev. 

Four of the graduates will receive the annual Zoetis/AAEP 
Foundation Scholarships; two others are the inaugural 
recipients of the Northwestern Pennsylvania Veterinary 
Medical Association (NWPVMA) Equine Symposium/AAEP 
Foundation Scholarships. Both scholarship programs reward 
graduating veterinary students with a dedication to equine 
medicine for their academic excellence, leadership in their 
school and AAEP student chapter, and their long-term goals. 
Congratulations to the following scholarship recipients:

Zoetis/AAEP Foundation Scholarships
Angela Gaesser, DVM, Texas A&M University
Lauren Mundy, DVM, The Ohio State University
Jillian Paegelow, DVM, University of Missouri
Esther Rogers, DVM, Auburn University

NWPVMA Equine Symposium/AAEP Foundation 
Scholarships
Kaitlin McDonald, DVM, University of Calgary
Jennifer Reda, DVM, University of Florida

The awards from Zoetis are available thanks to the 
donations of Zoetis customers who participated in the 
Industry Support Program from Feb. 1 through April 30, 
2014. These veterinarians designated that a portion of their 
product purchases be used for scholarships for AAEP 
student members. 

The awards from the NWPVMA Equine Symposium are 
available thanks to the quality of the equine veterinarian 
speakers that have drawn the generous support of its 
corporate and local financial sponsors, as well as outstand-
ing attendance throughout the 10 years the symposium has 
been held.

For more information about AAEP Foundation scholarship 
programs, visit http://foundation.aaep.org/-i-20.html.

Dr. Kaitlin McDonaldDr. Jillian PaegelowDr. Lauren MundyDr. Angela Gaesser Dr. Esther Rogers Dr. Jennifer Reda

http://www.nationwide.com/NTRA
http://foundation.aaep.org/-i-20.html


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
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New members:
Sable Allen, DVM, Watkinsville, GA
Brettly Battistone, DVM, Calgary, AB, Canada
William Scott Bauer, DVM, Albany, GA
Karin Brewer, DVM, Pontotoc, MS
Taylor Green, DVM, Roswell, NM
Bernadette Grismer, DVM, Visalia, CA
Grigorios Maleas, DVM, Vienna, Austria
Evelyn P. Rice, DVM, Warrenton, VA
Robert Vincent, DVM, Walls, MS

Recent graduates:
Alina Ali, DVM, Coral Springs, FL
Lauren Kaleonani Anderson, DVM, Fayetteville, AR
Shauna Bartholomew, DVM, Palmerton, PA
Emily Rose Katherine Beaudoin, DVM, Clifton Park, NY
Joseph D. Bergevin, DVM, Pullman, WA
Lisa Bethune, DVM BSc MPH, Grafton, MA
Kari Bevevino, DVM, College Station, TX
Kelly Chameroy, DVM PhD, Knoxville, TN
Amanda Chang, DVM, Aiken, SC
Samantha Cooper, DVM, Saratoga Springs, NY
Jillian Costello, DVM, Saint Paul, MN
Jonuel Cruz-Sanabria, DVM, Baton Rouge, LA
Samantha Delbecq, DVM, Bend, OR
Hailey DeVries, DVM, Ames, IA
Casey Ann Dickmann, DVM, Ocala, FL
Andrew Clark Durig, DVM, Columbus, OH
Carey Louise Edwards, DVM, Montrose, CO
Katherine Eisner, DVM, Reidsville, NC
Singen Elliott, DVM, Ithaca, NY
Mailie Fanning, DVM, Vista, CA
Sabrina Nichole Featheringill, DVM, Tiffin, OH
Elizabeth Jean Fedorko, DVM, Centralia, MO
Nakeita Fowler, DVM, Greeneville, TN
Kristin A. Frank, DVM, Snohomish, WA
Ilana M. Glasberg, DVM BSc, Somis, CA
Leah Guidry, DVM, Auburn, AL
Emily Anne Hadaway, DVM, Athens, GA
Sarah Lorraine Hegman, DVM, Raymore, MO
Jennifer Heiba, DVM, Westborough, MA
Angel Henderson, DVM, Starkville, MS
Bailey Herring, DVM, Browns Summit, NC
Nathanael Hilzinger, DVM, Ocala, FL
Elizabeth Anne Hodge, DVM, Athens, GA
Travis Holland, DVM, Lexington, KY
Anne Hoybook, DVM, Northfield, MN
Nichole Marie Hughes, DVM, Gainesville, FL
Elodie Emmanuelle Huguet, DVM, Middleburg, VA
Alissa Hunter, DVM, Milton Center, OH
Melanie Jackson, DVM, Clintonville, WI
Kendra Johnson, DVM, Ames, IA
Anastasia Keyser, DVM, Bryan, TX
Hannah Jo Kingsley, BS BSc DVM, Columbus, NC
Jessica Klein, DVM, West Branch, IA
Kelly Elizabeth Knickelbein, VMD, Rhinebeck, NY
Megan Knoell, DVM, Cave Creek, AZ
Brittany Koether, DVM, Stillwater, OK
Kyung-nyer Ku, DVM, Fort Collins, CO
Amy Lack, DVM, Starkville, MS

Shannon Elizabeth Larsen, DVM, Alpharetta, GA
Britta Larsson, DVM, Lothian, MD
Rebecca M. Legere, DVM MS, Manhattan, KS
Rachael Lencioni, DVM, Lake Stevens, WA
Kathleen Alecia Lennon, DVM, Elgin, TX
Brandon Michael Mallard, DVM, South Boston, VA
Eugenio Mannucci, DVM, Corvallis, OR
Carly Michelle Mayer, DVM, Keswick, VA
Alecia McAtee, DVM, Tonganoxie, KS
Julie Ann McGhan, DVM, Lansing, MI
Wendee McGuffee, DVM, Auburn, AL
Kellyn McNulty, DVM, Apollo, PA
Lindsay Meharry, DVM, Hermiston, OR
Wesley Mercer, DVM, Timmonsville, SC
Alexandra Miletic, DVM, Windsor, ON, Canada
Lindsay Miller, DVM, Idaho Falls, ID
Melissa Mitchell, DVM, Bryan, TX
Gracia Monmaney, DVM, Penryn, CA
Cayla Moore, DVM, Vallejo, CA
Sarah Lorraine Morar, DVM, Richfield, OH
Shane Patrick Murray, DVM, Weatherford, TX
Clara Rebecca Nelson, DVM, Winchester, VA
Chelsea Kathleen Nemec, DVM, Oxford, PA
Melinda Faubel Newton, DVM, Marysville, CA
Mindy A. Nieuwboer, DVM, Kenneth, MN
Hallie Grace Noland, DVM, Fort Collins, CO
Alyssa O’Dell, DVM, Stillwater, OK
Melissa O’Hara, DVM, Opelousas, LA
Jillian Lana Paegelow, DVM, Lebanon, NJ
Nikhita Parandekar, DVM, Ithaca, NY
Lauren Pasch, DVM, Rhinebeck, NY
Laura Ellen Patteson, DVM, Middleburg, VA
Erica L. Paul, DVM, Seymour, IN
Bridgette Peal, DVM, Dousman, WI
Elizabeth Rose Perry, DVM, Somis, CA
Amanda Jane Prisk, DVM BS, Washington, NJ
Jennifer Ann Reda, DVM, Aiken, SC
Hilary Callahan Rice, DVM, Pullman, WA
Sara Thomas Roberson, DVM, Parkton, NC
Brett Robinson, DVM, Ithaca, NY
Haley Safnuk, DVM, Cave Creek, AZ
Nadia Saklou, DVM, Salinas, CA
Marie Schubert, DVM, New Berlin, NY
Kara Sheerer, DVM, Brookville, OH
Lauren Smith, DVM, Scottsdale, AZ
Yana Sorokurs, DVM, Uxbridge, MA
Kelly Stewart, DVM, Gainesville, FL
Kimberly Dawn Trolinger-Meadows, DVM, Knoxville, TN
Alexandra May Urban, DVM, Brandon, FL
Emily Wahl, DVM, Gainesville, FL
Courtney Wasson, DVM, Newtown, CT
Ellen Weaver, DVM, Brandon, FL
Samantha Lynn Weaver, DVM, Imler, PA
Brittany Welch-Huston, DVM, Rhinebeck, NY
Stacy Whitton, DVM, Fairfield, FL
LeAnne Wichman, DVM, Chilton, WI
Sabrina Stricklin Wilson, DVM, Davis, CA
Lisa Yeske-Livermore, DVM, Madrid, IA
Jenna Marie Young, DVM, Stillwater, OK

The AAEP welcomes new members and congratulates recent graduates
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Dr. Jerry Black elected AHC 
chairman 

AAEP Past President and 
Distinguished Life Member Dr. Jerry 
Black became the first AAEP 
member to serve as chairman of the 
board of trustees of the American 
Horse Council following his election 
June 15 during the AHC’s annual 
meeting in Washington, D.C.

Dr. Black is the Wagonhound Land and Livestock chair 
in equine sciences and is the director of the equine repro-
duction laboratory and the equine science undergraduate 
program at Colorado State University, from which he 
earned his veterinary degree in 1971.

Dr. Rustin Moore takes reins of 
Ohio State University CVM 

Dr. Rustin Moore, executive director 
of The Ohio State University 
Veterinary Medical Center, has been 
appointed dean of the College of 
Veterinary Medicine effective  
Sept. 1.

Dr. Moore, who joined Ohio State’s 
faculty in 2006 following 12 years 

at Louisiana State University, is currently associate 
executive dean of the college, director of the Alice Lloyd 
Finley Memorial Veterinary Research Farm and holder of 
the Bud and Marilyn Jenne Professorship. He earned his 
veterinary degree from Ohio State in 1989 and served on 
the AAEP board of directors from 2007-2009. 

Members in the News

Dr. Jerry Black

Dr. Rustin Moore

AAEP Educational Partner Profile: Boehringer Ingelheim Vetmedica, Inc. 

Boehringer Ingelheim Vetmedica, Inc. (BIVI) a state-of-the-art research and manufacturing facility located in St. Joseph, 
Mo., is a subsidiary of Boehringer Ingelheim Corporation, a member of the Boehringer Ingelheim worldwide group. 
Through BIVI’s research, development, manufacturing, sales and educational offerings, equine veterinarians obtain 
products and leadership skills they need to provide the highest quality service to their equine clients. 

BIVI is dedicated to the support of veterinarians through products such as VETERA® 
XP vaccines, the only U.S. vaccine line that contains the equine influenza strains 
recommended by the OIE Expert Surveillance Panel on Equine Influenza. The VETERA 
XP line offers veterinarians a customized approach to vaccine protocols with small 

and large combinations as well as monovalent. In addition, BIVI offers the industry-leading product, PRASCEND® 
(pergolide mesylate), as well as a complete joint health portfolio featuring HYVISC® (hyaluronate sodium), HYALOVET® 
(hyaluronate sodium), SURPASS® (1% diclofenac sodium) and VETALOG® Parenteral (triamcinolone acetonide). 

BIVI is proud to be an AAEP Educational Partner and continues to shape the future of equine health.

AVMA honors Dr. John T. Vaughan

AAEP Past President, Distinguished 
Life Member and dean emeritus of 
Auburn University Dr. John T. 
Vaughan received the 2015 AVMA 
Award for contributions to the 
advancement of veterinary medicine 
in its organizational aspects.
 
Dr. Vaughan received his veterinary 
degree from Auburn in 1955 and 

spent most of his professional career at the university, 
including as dean of its College of Veterinary Medicine 
from 1977 until his retirement in 1995. Immediately 
thereafter, he served three successive four-year terms on 
the board of the AVMA Professional Liability Insurance 
Trust and served as its chairman in 2001. 

Dr. Eleanor Green to lead AAVMC

Dr. Eleanor Green, AAEP past 
president and the Carl B. King dean 
of veterinary medicine at the Texas 
A&M University College of 
Veterinary Medicine and Biomedical 
Sciences, is the new president of the 
Association of American Veterinary 
Medical Colleges.

Dr. Green earned her DVM from 
Auburn University in 1973 and is a diplomate of the 
American College of Veterinary Internal Medicine and 
the American Board of Veterinary Practitioners. She 
previously served as president of the American 
Association of Veterinary Clinicians and the ABVP.

Dr. John T. Vaughan

Dr. Eleanor Green
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AAEP Meetings and Continuing Education

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

Membership Benefits

Advance your clients’ knowledge of pertinent healthcare topics by requesting 
a complimentary packet of 25 AAEP client education brochures in one of the 
following three topic areas: castration, colic or Cushing’s Disease. To request 
your free packet, contact Kristin Walker at kwalker@aaep.org or (859) 
233-0147. Offer valid while supplies last.

Request complimentary client education brochures

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

Enlist the Texas A&M Medical Sciences Library to fill information gaps

“The Texas A&M Get It For Me service is an incredibly valuable resource 
offered alongside my AAEP membership. To be able to request any article from 
any journal without having to maintain expensive journal subscriptions is a 
welcome benefit. It’s quick and easy to request an article you would like, and 
they can usually provide an electronic copy” —Shalyn Crawford, DVM, New 
Market, Va.

When investigating a medical topic, enlist professional research support at no 
cost as a benefit of your AAEP membership. The Texas A&M Medical Sciences 
Library offers complimentary database search and document delivery services 
to AAEP members who do not otherwise have institutional support for finding 
and accessing veterinary literature.

You can request a mediated database search on a particular topic by contacting 
AskMSL@library.tamu.edu. Search results will be delivered to your inbox 
within two business days.

You can request copies of articles, book chapters and conference papers 
through the library’s Get It For Me service at http://getitforme.library.tamu.
edu/msllocal. First-time users must register with an e-mail address. PDF copies 
of requested items will be delivered within two business days to your Get It 
For Me account. Dr. Shalyn Crawford

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


There Isn’t Any Better Insurance
Than A Real Solution

Proven. Patented. Prevention.

www.arenus.com - 866.791.3344 Or contact your Arenus Veterinary Solutions Specialist

.

http://www.arenus.com


2 Giralda Farms • Madison, NJ 07940 • merck-animal-health-usa.com • 800-521-5767 
Copyright © 2015 Intervet Inc., d/b/a Merck Animal Health, a subsidiary of Merck & Co., Inc.  
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Stop Flu Where it Starts
Give your patients the added advantage of Flu Avert® I.N.

•   Provides unparalleled influenza protection by  
stimulating local, innate1 and adaptive immunity       

•   Escalates mucosal immunity that is antigen  
and non-antigen specific1

•  Just ONE dose required
•  Proven safe and effective in numerous challenge studies
•  Rapid onset of immunity

Protect your patients against current circulating field strains of 
influenza infecting the U.S. horse population.2 Ask your Merck 
Animal Health or distributor representative about Flu Avert I.N.

We’re for the Horse™

1   Comparison of innate immune responses in equine respiratory epithelial cells to 
modified-live equine influenza vaccine and related wild-type influenza virus. HL 
Pecoraro, D. Koch, G Soboll Hussey, L Bentsen, GA Landolt; Proceedings ACVIM 
Annual Forum 2014.

2  UC Davis (Nicola Pusterla) & Merck Animal Health. Infectious Upper Respiratory  
Surveillance Program. Ongoing Research 2008 – present. 

http://www.fluavert.com


Highlights of recent clinically relevant papers

Percutaneous electrical nerve stimulation for
headshaking

This case series by Veronica Roberts and colleagues in the UK
set out to investigate the potential use of a novel therapeutic
intervention for trigeminal-mediated headshaking.

Seven horses affected by headshaking to a degree of at
least 2/3 on the author’s scale underwent a standard
diagnostic protocol including diagnostic local anaesthesia of
the infraorbital branch of the maxillary nerve. Other
treatment methods had previously been employed in these
horses without success.

The treatment involved perineural placement of a
percutaneous electrical nerve stimulation (PENS) probe
approximately 1 mm superficial to the infraorbital nerve,
performed under standing sedation. The probe was used to
apply voltages extrapolated from human studies which were
intended to stimulate the nerve, with stimulation being
indicated by facial twitching. This procedure was performed
bilaterally. A total of 24 procedures were carried out on the 7
horses with treatments being repeated in individual horses at
varying intervals depending on the length of time for which
remission of signs lasted following each treatment. The criteria
for treatment success was defined as return to ridden work at
the level prior to onset of headshaking.

The procedure was well tolerated with mild adverse
effects noted in some horses (namely haematoma formation
at the probe insertion site and transient increase in severity of
clinical signs). The first treatment resulted in the temporary
remission of clinical signs in 6 of the 7 horses. Median
remission time increased with each treatment performed:
3.8 days following the first treatment, 2.5 weeks following the
second treatment, 15.5 weeks following the third treatment
and 20 weeks following the fourth treatment. One horse
failed to respond to three treatments.

These results are encouraging and further studies are
required to refine the technique and determine the optimal
voltages required for trigeminal nerve stimulation and to
further elucidate the aetiopathogenesis of headshaking and
the mechanism of action of PENS therapy. Repeated
treatments with percutaneous electrical nerve stimulation
therapy are relatively safe and may result in resolution of the
clinical signs of trigeminal-mediated headshaking in the
medium-term. The length of time of remission seems to
increase following each successive treatment.

Clinical features of navicular disease

In this retrospective study Rebecca Parkes and colleagues at
the Animal Health Trust in the UK compared the clinical
features of horses with lesions of the podotrochlear apparatus
with those with other causes of foot pain. The authors
hypothesised that primary navicular bone disease would be
associated with more advanced radiological findings than
other diagnoses.

The 702 horses in this study all had a definitive diagnosis of
foot pain based on magnetic resonance imaging (MRI) �
post mortem examination. Clinical examination findings,
response to diagnostic analgesia and radiological grading of
the navicular bone were compared among five diagnosis

groups: 1) primary navicular bone pathology (NB) (62 horses);
2) lesions of the collateral sesamoidean ligament and/or
distal sesamoidean impar ligament (CSL + DSIL) (180 horses);
3) primary deep digital flexor tendon injury (DDFT) (69 horses);
4) navicular bone pathology and other lesions of the
podotrochlear apparatus � DDFT (PTA) (92 horses); and 5)
other (299 horses).

The authors found that horses with PTA injuries were more
frequently unilaterally lame than other groups, and horses
with DDFT injury were more likely to exhibit pain on turning
than other groups. No associations were found between
response to diagnostic analgesia and diagnostic group, or
between radiological grade and diagnostic group. Clinical
examination findings generally did not discriminate between
diseases of the PTA and other causes of foot pain. Overall
radiological scores of the navicular bone did not accurately
predict navicular bone pathology.

Reduced oxytocin expression with retained fetal
membranes

The aim of this study by A. Rapacz-Leonard and colleagues
in Poland was to investigate the expression of oxytocin
receptors in heavy draught mares affected by retained fetal
membranes. The authors postulated that one reason for the
high incidence (50%) of retained fetal membranes in heavy
draught mares may be a difference in the expression of
uterine oxyctocin receptors.

Placental biopsies were obtained from 8 mares, 4 of
which had passed fetal membranes normally within 3 h of
parturition (control mares) and 4 with retention of fetal
membranes due to secondary atony of the uterus. Mares
with secondary atony of the uterus and retained fetal
membranes were significantly older than control mares
(average age in each group was 13 and 5 years,
respectively). Chemiluminescent western blotting was used to
estimate the amount of oxytocin receptors in placental
tissues (endometrium and allantochorion). In placental tissue
from mares with retained fetal membranes, oxytocin
expression was found to be 50 times less intense than in the
placental tissue from control mares. Immunocytochemistry
was used to determine the location of oxytocin receptors in
the placental tissue. In cases of retained fetal membranes,
the staining for oxytocin receptor expression was hardly
visible. In control cases the staining was more intense,
defining the locations where receptors were expressed.
Expression of oxytocin receptors was particularly evident in
the region where the endometrium and allantochorion meet.

As oxytocin expression is thought to be similar in both the
endometrium and myometrium around the time of
parturition, the authors suggest that oxytocin expression in the
myometrium may also be reduced, contributing to secondary
uterine atony observed in cases of retained fetal membranes.
It was postulated that age-related changes to receptor
numbers and binding affinity may be related to this reduction
by as yet undetermined mechanisms.

This study highlights that reduced oxytocin expression in
the uterus may be a contributory factor to the high
incidence of secondary uterine atony and retained fetal

© 2015 EVJ Ltd
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membranes in heavy draught mares. This may be related to
increasing age.

Equine carpal sheath effusion

In this retrospective study Joan Jorgensen and colleagues in
the USA describe the prevalence of distinct musculoskeletal
lesions and lameness in 121 horses with a clinical diagnosis of
carpal sheath effusion.

At presentation 74% (89/121) of horses were lame, with
middle-aged (9–18 years, 80%) and older (>18 years; 85%)
horses lame more frequently than young horses (<9 years;
44%). Ninety-three per cent (113/121) were diagnosed with
osseous and/or soft tissue abnormalities. Of these 113 horses,
10 exhibited osseous abnormalities, whereas 111 were
diagnosed with soft tissue lesions. Eighty-four per cent (93/
111) of the soft tissue injuries extended from the caudodistal
antebrachium to the palmar metacarpus. The most
commonly injured structures were the superficial digital flexor
tendon (98/111; 88%) and accessory ligament of the
superficial digital flexor tendon (64/111; 58%), with both
structures affected in 41/111 (37%) horses. Injuries within the
caudodistal antebrachium included the superficial digital
flexor musculotendinous junction, the accessory ligament of
the superficial digital flexor tendon, and deep digital flexor
muscle, in isolation or in combination with other structures.
Increased echogenicity in the medial superficial digital flexor
musculotendinous junction was detected in 40 horses and
was significantly associated with increasing age.

Findings from this study indicate that age should be taken
into consideration for horses presented with carpal sheath
effusion and that adjacent structures within the caudodistal
antebrachium should be included in evaluations.

Diagnostic markers for sepsis in foals

In this study Kristin Zabrecky and colleagues in the USA
investigated whether plasma C-reactive protein concentration
(p[CRP]) and haptoglobin concentration (p[Hp]) are useful
biomarkers for sepsis in foals.

The authors hypothesised that p[CRP] and p[Hp] would be
increased in septic foals compared with sick nonseptic and
healthy control foals, and this could be predictive of survival.
This clinical study included 80 critically ill foals (40 septic, 40 sick
nonseptic) and 39 healthy control foals <1 week of age.

Venous blood was collected at admission from all the
criticially ill foals and from the clinically healthy foals at 24 h of
age. Sepsis was diagnosed based on positive blood culture or
a sepsis score >11. ELISA tests were used to measure p[CRP]
and p[Hp] and the data were analysed using the Mann–
Whitney U test and forward stepwise multivariable linear
regression.

Plasma [CRP] was positively associated with age, serum
globulin, adrenomedullin, and bilirubin concentrations,
aspartate aminotransferase activity, glutamyl-transferase
activity, band neutrophil count, and rectal temperature, and
was increased in foals with toxic neutrophils, enterocolitis,
colic, rib fractures and septic arthritis. Surprisingly, p[Hp] was
lower in septic foals than in sick nonseptic foals. Neither
p[CRP] or p[Hp] was predictive of survival in critically ill foals.

The authors concluded that although p[CRP] increases
with inflammation in neonatal foals it is not indicative of sepsis.

Single time point, admission sampling of p[CRP] and p[Hp] do
not appear to be useful biomarkers for sepsis in foals.

Exercise induced pulmonary haemorrhage:
ACVIM consensus statement

A panel of 7 experts have recently performed a systematic
review of peer reviewed published studies on exercise
induced pulmonary haemorrhage (EIPH). The findings have
been published as an American College of Veterinary
Internal Medicine Consensus Statement.

The panel evaluated evidence to determine: if EIPH
adversely affects the health, welfare or both of horses; if EIPH
affects the athletic capacity of horses; the efficacy of
prophylactic interventions for EIPH; and if furosemide affects
the athletic capacity of horses. Methodology followed that
of the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE). Publications were
assessed for quality of evidence and a summary of findings
was presented. Recommendations were based on quality of
evidence and were determined by a vote of the panel.

Much of the evidence was of low to very low quality.
Experimental studies frequently lacked adequate statistical
power. There was moderate to high quality evidence that
EIPH is progressive, is associated with lung lesions, that it
adversely affects racing performance, that severe EIPH
(grade 4) is associated with a shorter career duration, that
furosemide is efficacious in decreasing the incidence and
severity of EIPH, and that administration of furosemide is
associated with superior race performance.

The panel strongly recommended that EIPH be
considered a disease, and weakly recommended the use of
furosemide in management of racehorses with EIPH.

S. WRIGHT
EVE Editorial Office
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Summary
An 18-year-old Arabian-mix mare was presented with a
history of severe colic. Emergency exploratory celiotomy
revealed diaphragmatic hernia, with a large rent in the left
dorsal aspect of the diaphragm and large colon volvulus.
Attempts to close the defect in the diaphragm in dorsal
recumbency were unsuccessful. Therefore, a thoracic
approach through lateral thoracotomy was elected, and a
mesh was attached to the diaphragm using skin staples.
While in dorsal recumbency, the mare suffered from
significant respiratory acidosis. Thus, the mare was tilted into
reverse Trendelenburg (30° head upward) and ventilation
improved markedly. The mare recovered uneventfully, and
was doing well 5 years after surgery.

Introduction

Diaphragmatic hernia is often described as a rare lesion in the
horse, although it may not be that uncommon and it should be
included in the differential diagnosis of horses presenting with
abdominal pain (Romero and Rodgerson 2010).
Diaphragmatic hernia may be congenital or acquired. The
congenital hernia occurs due to incomplete fusion of the
embryonic parts of the diaphragm, and are usually small, have
smooth edges and found in the tendinous part of the left dorsal
quadrant (Barker 1993; Kelmer et al. 2008a). The acquired
hernia may occur due to trauma, strenuous exercise,
parturition, dystocia and increased intra-abdominal pressure
(Kelmer et al. 2008a). The acquired hernia can be acute or
chronic. The acute lesions have raw, irregular, bleeding edges,
while the chronic lesions have thick, smooth, fibrous edges,
often accompanied by adhesions between the diaphragm
and the omentum and liver (Kelmer et al. 2008a).

The most common clinical sign in a horse suffering from
diaphragmatic hernia is abdominal pain (colic) and
respiratory signs may also be present. Imaging such as
ultrasonography and radiography can aid in achieving
preoperative diagnosis, although final diagnosis is often
achieved only at surgery or post mortem examination (Hassel
2007). Repairing diaphragmatic hernias is challenging and
large dorsal defects are more difficult to repair (Hart and
Brown 2009).

Case history

An 18-year-old Arabian-mix mare, 400 kg, was presented with
a history of colic of 12 h duration. The mare appeared to
respond well to initial management in the field (flunixin

meglumine 1 mg/kg bwt and Dipyrone 25 mg/kg bwt) but
later that day showed repeated signs of abdominal pain and
did not respond well to analgesia (flunixin meglumine 1 mg/
kg bwt), and thus was referred to the Veterinary Teaching
Hospital.

Clinical findings

Upon arrival at the hospital, the mare appeared to be weak
and dehydrated. Heart rate was highly elevated (100 beats/
min), oral mucous membranes were hyperaemic and
gastrointestinal sounds were decreased. Upon nasogastric
intubation, 13 l of reflux were obtained, and rectal palpation
revealed dry faeces and gas distended large colon. The
mare was sedated several times (xylazine 0.3–0.5 mg/kg bwt
and butorphanol 0.0125 mg/kg bwt), due to repeated bouts
of severe pain.

A complete blood count revealed mild
haemoconcentration (packed cell volume, 48%; reference
range [rr] 32–46%), elevated lactate, (5.1 mmol/l; rr
<2.0 mmol/l), leucocytosis (15.4 9 109/l; rr 5–12 9 109/l), with
differential of mild lymphopenia (1.05 9 109/l; 1.5–7.7 9 109/l)
and elevated granulocyes (13.7 9 109/l; rr 2.3–9.5 9 109/l).
Emergency exploratory celiotomy was recommended and
elected by the owners. At that stage, it was assessed that the
mare suffered from a severe, strangulating colic, suspected
to be large colon volvulus.

Treatment

Intravenous lactated Ringer’s solution (7.5 ml/kg bwt/h),
penicillin (20,000 iu/kg bwt, Penicillin G Sodium1) and
gentamicin (6.6 mg/kg bwt) were initiated prior to surgery. As
preanaesthetic medication, xylazine 0.75 mg/kg bwt i.v. was
used. General anaesthesia was induced with ketamine at
2 mg/kg bwt i.v. and valium 0.5 mg/kg bwt i.v. The mare was
intubated (26 mm endotracheal tube) and connected to an
anaesthetic machine and ventilator. Anaesthesia was
maintained on isoflurane delivered in 100% oxygen.

The mare was connected to an electrocardiogram
monitor and capnograph. An arterial line was placed in the
left facial artery and arterial blood pressure monitored.
Dobutamine, 1–5 lg/kg bwt/min, was administered as a
constant rate infusion for the duration of the anaesthesia in
order to keep mean arterial blood pressure (MAP) above
80 mmHg.

The mare was placed in dorsal recumbency. A ventral
midline celiotomy revealed a hyperaemic caecum; the

© 2015 EVJ Ltd

391EQUINE VETERINARY EDUCATION / AE / AUGUST 2015

mailto:gal.kelmer@mail.huji.ac.il


colon’s wall was oedematous, with purple serosa. Palpation
of the cranial abdomen revealed that the stomach, the
pelvic flexure, several metres of small intestine and a left liver
lobe were incarcerated in a large (~22 cm in length, ~8 cm in
width) rent in the left dorsal aspect of the diaphragm at the
musculotendinous junction. A part of the omentum that was
adhered to the lateral border of the hernia was ligated and
resected. The rent appeared to be chronic, as indicated by
the fibrous smooth edges and the presence of adhesions.

In addition, a 360° anticlockwise large colon volvulus was
diagnosed and Polymixin B was administered i.v., as an
antiendotoxic drug (6000 iu/kg bwt in 1 l 0.9% saline). The
abdominal organs were retrieved from the thorax into the
abdomen, and the volvulus was manually corrected.
Following correction, the colon’s colour and motility markedly
improved.

Blood gas analysis was performed 1 h following induction,
pH was 7.26, PaO2 was 102.9 mmHg, PaCO2 was 50 mmHg,
bicarbonate 22 mmol/l, base excess -5.5 mmol/l. The
respiratory acidosis was suspected to result in part from the
pressure of the abdominal organs on the lungs. Thus, the mare
was tilted into reverse Trendelenburg (30° head upward), in an
attempt to improve ventilation. A second blood gas analysis,
one hour following the table tilt, showed marked improvement
in ventilation efficacy (pH 7.464, PaO2 176.9 mmHg,
PaCO2 25.6 mmHg, bicarbonate = 19.8 mmol/l, base excess
-5.3 mmol/l). All settings and drug delivery remained the same.
At the same time, however, MAP dropped to 70 mmHg.
Dobutamine was increased to 4 lg/kg bwt/min, which resulted
in an elevated heart rate and no change in blood pressure.
Therefore, the table was tilted back to the horizontal position. In
addition, ventilator settings were changed: respiratory rate
from 8 to 10/min; tidal volume from 5 to 6 l; and peak
inspiratory pressure from 30 to 20 mmHg. Following these
changes, MAP increased to 80 mmHg.

At that stage, attempts were made to close the defect in
the diaphragm using 2 Polyglactin 910 (Vicryl)2 in a simple
continuous pattern. Closure was unsuccessful due to difficult
access and tearing of the tissues because of excessive
tension. Therefore, a decision was made to attempt a
thoracic approach through lateral thoracotomy. The linea
alba was closed in a simple continuous pattern using Vicryl
22, the subcutaneous layer was sutured in a buried
continuous fashion using 2-0 polydiaxonone (PDS) and the
skin was closed using staples. The surgery table was moved to
the preparation room, and the mare was hoisted up and
moved to right lateral recumbency; the left hemithorax was
prepared for aseptic surgery.

An incision was made in the left hemithorax over the 11th
rib starting from the costochondral junction and extending
40 cm dorsally. The periosteum was incised and elevated off
the rib using a periosteal elevator. Approximately 30 cm of rib
was removed using gigli wire, extending dorsally from just
proximal to the costochondral junction. The space between
the 10th and 12th ribs was expanded using Finochietto rib
spreaders (Fig 1). The defect in the diaphragm was easily
located, the stomach was adjacent to the dorsal thoracic
wall. The adjacent left lung lobe was atalectatic, but was
observed to inflate partially by each mechanical ventilation.
Although the tear in the diaphragm was easily palpated, the
access was difficult due to the depth and the limited space
allowed by the thoracotomy incision. Repeated attempts to
suture a mesh (monofilament clear polypropylene mesh

sheets3, 35 9 22 cm) to the defect rims, using 0 PDS in a
simple continuous pattern, were unsuccessful since the
sutures repeatedly tore through the rent’s edges. Finally, the
mesh was successfully attached to the diaphragm using skin
staples4.

Throughout the surgery, approximately 3 l of blood was
removed from the thoracic cavity. The pleura, periosteum,
fascia and intercostal muscles were closed as one layer in a
simple continuous pattern using No. 1 PDS. The external
abdominal oblique muscle, the latissimus dorsi muscle and
the muscle’s fascia were closed as one layer in a simple
continuous pattern using No. 0 PDS. The subcutaneous tissue
was closed using continuous buried sutures of 2-0 PDS and
the skin was closed using staples. At the completion of
surgery, 2 thoracic drains (32 French) were inserted in the left
hemithorax, one for draining fluid at the 8th and 9th
intercostal spaces at the level of the costochondral junction,
and one for draining air between the 13th and 14th
intercostal spaces, just distal to the epaxial muscles. Both
drains were secured to the body wall in a purse-string pattern
combined with Chinese finger trap technique using No. 0
nylon and were sealed with a 2.5 ml syringe (Fig 2). Recovery
from anaesthesia was uneventful. After recovery, each tube
was equipped with a Heimlich valve.

In an attempt to improve oxygenation efficacy, a
catheter (12 gauge, 8 cm long) was inserted into the cervical
trachea, at the junction of the proximal and the mid trachea
to provide oxygen (15 l/h). Post operative radiographs
demonstrated mild pneumothorax, ruled out repeated
herniation of viscera into the thorax, and revealed the mesh
to be still attached to the diaphragm with staples (Fig 3).
Several hours after tracheal catheterisation the mare
developed emphysema at the neck and head, and the
catheter was removed. The mare was treated i.v. with: flunixin
meglumine 1.1 mg/kg bwt b.i.d. for 5 days; penicillin G
20,000 iu/kg bwt q.i.d. for 5 days; gentamicin 6.6 mg/kg bwt
s.i.d. for 4 days; Polymixin B 6000 iu/kg bwt in 1 l 0.9% saline

Fig 1: Left lateral thoracotomy via resection of the 11th rib, the
approach was used in order to gain access to the diaphragm.
The large arrow depicts the pleura, the small arrow depicts the
left lung lobe and the arrowhead points to the muscular portion of
the diaphragm.
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b.i.d. 5 doses; Hetastarch 10 ml/kg bwt, lactated Ringer’s
solution (starting with 3 l/h and gradually decreasing); and
ice on all 4 hooves. The day after the surgery, the mare was
recovering well, the chest tubes were removed and mild right
facial paralysis was noticed.

Two days after surgery, the mare developed marked
ventral oedema. Oral metronidazol 22 mg/kg bwt t.i.d. and
enrofloxacin 7.5 mg/kg bwt s.i.d. were added for 7 days. Oral
omeprazole 1.1 mg/kg bwt s.i.d. for 7 days and ranitidine
6.6 mg/kg bwt t.i.d. for 3 days were also added to the
treatment regimen. During the following days, the oedema
decreased. Eight days after surgery, thoracic
ultrasonographic evaluation revealed moderate amounts of
uniformly anechoic fluid in both sides of the thorax.
Approximately 2 l of clear serosanguineous fluid, were
drained from each hemithorax and examined. The results
were consistent with mild inflammation (PCV/Total Solids [TS]
32 g/l Glucose [Glu] 4.96 mmol/l) and no bacteria were seen.

Outcome

The mare recovered well and was discharged from the
hospital 12 days after surgery. At the time of writing, 5 years
post operatively, the mare is in good health, is used routinely
for trail riding and showed no colic episodes since her
discharge from the hospital.

Discussion

This report describes a case of a severe colic in an 18-year-
old mare, caused by a diaphragmatic hernia and a large
colon volvulus. The new information in this report concerns
changing from dorsal to lateral recumbency to gain access
to the diaphramatic hernia for repair and tilting the surgical
table to improve ventilation during surgery.

Diaphragmatic hernias in horses are reported to have a
rather poor prognosis and larger defects are more difficult to
repair successfully (Santschi 1997). Since the horse is deep
chested, the more dorsal diaphragmatic defects are more
challenging to repair. Large (>10 cm in length) dorsal
diaphragmatic defects carry a poor prognosis. In one
comprehensive report, 92% of horses suffering from such
lesions were subjected to euthanasia on the surgical table
(Hart and Brown 2009). Lateral thoracotomy combined with
the use of staples allowed for a successful repair of a large
dorsal tear in the current case. At the time of surgery,
equipment for thoracoscopy was not available at our
hospital. A recent report describes successful thoracoscopic
repair of a large diaphragmatic hernia (R€ocken et al. 2013)
and another retrospective study includes a horse with a
dorsal diaphragmatic lesion that was repaired by hand-
assisted thoracoscopy (Hart and Brown 2009). Thoracotomy
and thoracoscopy should be considered as a potential useful
approach for repair of dorsal diaphragmatic lesions.

The mare in this report suffered a dystocia one year prior
to the current colic episode. It was previously reported that
traumatic events leading to increased intra-abdominal
pressure, dystocia included, can lead to a tear in the
diaphragm (Kelmer et al. 2008a; Hart and Brown 2009). Acute
colic has been reported to occur months to years following
tearing of the diaphragm, probably due to sudden migration
and incarceration of abdominal organs in the thoracic cavity
(Kelmer et al. 2008b). Therefore, we assume that in the
present case, the dystocia for the past year could have been
the cause for the diaphragmatic hernia.

Thoracic ultrasound and radiographic evaluation can
provide preoperative diagnosis of diaphragmatic hernia.
Nevertheless, diagnosis is commonly made intraoperatively

Fig 2: Post operative image of a mare following surgical repair of
a large dorsal diaphragmatic hernia and large colon volvulus.
The ventral thoracic drain was used to evacuate fluids while the
dorsal drain was used to evacuate air. The oblique thoracotomy
incision can be seen between the drains.

Fig 3: Post operative thoracic radiograph of a mare after surgical
repair of a large dorsal diaphragmatic hernia. The large upward
arrow depicts the thoracic incision line; the small downward
arrow depicts a circular line that marks the diaphragmatic
defect; skin staples used to attach a polypropelene mesh can be
seen along the margins of the defect.
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mainly due to the acute nature of the colic requiring urgent
surgery. In the current case, the hernia was accompanied by
large colon volvulus, which is the most likely cause of the
severe acute colic episode necessitating urgent surgical
exploration. Post operatively, however, thoracic radiographs
were used to verify that herniation had not recurred and that
the diaphragm repair was still intact after recovery from
anaesthesia. Failure of the hernia repair can occur following
traumatic recovery from general anaesthesia (Hart and
Brown 2009). Post operative imaging following diaphragmatic
repair using ultrasound or radiographs can be useful in
evaluating the integrity of the repair.

During surgery, the mare suffered from respiratory acidosis.
Since the bicarbonate was only at the low end of the
reference range, the metabolic contribution to the acidosis
was minimal. Ventilation perfusion mismatch and mechanical
restriction of lung function resulting in hypoxaemia,
hypercapnia and acidosis, are the most likely reasons for the
respiratory distress. Viscera in the thoracic cavity interfered
with chest wall function and lung expansion, which caused
decreased lung compliance. In surgery, the mare was tilted,
into reverse Trendelenburg (30° head upward) and ventilation
improved significantly. However, the tilt caused a decrease in
arterial blood pressure, which improved soon after the table
was tilted back. Trendelenburg position, using 30–35°, has
been used in horses in order to improve visualisation of the
caudal abdomen but has marked negative effect on
respiratory function (Hofmeister et al. 2008). Reverse
Trendelenburg position is used for improving ventilation or
reducing cerebral pressure. It may reduce venous return,
preload and resulting in hypotension (Srivastava and Niranjan
2010).

Diaphragmatic hernia severely aggravates the inherent
ventilation-perfusion mismatch that exists routinely in equine
anaesthesia by decreasing ventilation and oxygenation. As
seen in the current case, mechanical ventilation and tilting
the surgery table can both be used effectively to combat
these challenging anaesthetic conditions (Romero and
Rodgerson 2010).

Diaphragmatic, abdominal and inguinal herniorrhaphy
with polypropylene mesh was reported to give good results in
horses (Marien 2001; Kelmer and Schumacher 2008; Romero
and Rodgerson 2010). Polypropylene is considered to be
strong, inert, easy to handle and resistant to infection, and
the granulation tissue grows through its interstices. In this case,
the surgeon faced an excessive tension when attempting to
oppose the margins of the defect. The diaphragmatic lesion
was closed with a mesh and skin staples due to the friable
tissue. The lesion was repaired, both in order to achieve
effective ventilation and to prevent future entrapment and
strangulation of abdominal viscera. Correcting the large
colon volvulus and avoiding repair of the tear in the
diaphragm would have been likely to result in rapid
reherniation of viscera into the thoracic cavity, leading to
possible death of the mare (Kelmer et al. 2008b; Hart and
Brown 2009). Mesh application via thoracoscopy may be a
viable, efficient surgical approach similar to closure of
incisional hernia by mesh application through laparoscopy
(Caron and Mehler 2009).

In conclusion, diaphragmatic hernia should be
considered as a cause of colic in the horse. Surgical
intervention should be early in order to minimise ischaemic
changes to thoracic and abdominal viscera. Table

manipulation throughout surgery can improve ventilation,
although this can reduce blood pressure. Once diagnosis of
a dorsal diaphragmatic defect is achieved, one viable
option to consider is to change to lateral recumbency. This
enables the surgeon to gain access to the diaphragm via a
direct thoracic approach. A polypropylene mesh can be
used to close large diaphragmatic lesions with fragile
margins. Finally, the poor prognosis associated with large,
dorsal diaphragmatic defects may be improved by using a
thoracic approach to the diaphragm.
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Diaphragmatic hernias (DHs) are internal abdominal hernias
that occur as a result of a defect within the diaphragm.
The diaphragm comprises a peripheric muscular part (pars
costalis) and a central tendinous part (pars centralis), and
embryologically is formed by the septum transversum, dorsal
embryonic mesentery, pleuroperitoneal folds and body wall
(Noden and De Lahunta 1985). Diaphragmatic hernias
are categorised by origin as congenital or acquired; or
by anatomic location as peritoneal-pleural or peritoneal-
pericardial, depending on the location of the tear
and which thoracic compartment receives the migrating
viscera.

Most DHs allow direct communication between the
abdominal and the thoracic cavity as they lack a hernial sac
where the migrating organs are contained. Therefore these
DHs should be considered false hernias, ruptures or rents,
although they are commonly referred to as DHs and this term
will be used in this commentary. Congenital DHs result from
failure of fusion of the embryonic components during fetal
development or from rupture of the diaphragm in the uterus
or during birth (e.g. during dystocia and sometimes
associated with rib fractures) (Santschi et al. 1997;
Schambourg et al. 2003; Krohn et al. 2010). Congenial DHs
most commonly involve the left dorsal tendinous portion of
the diaphragm (Johnson et al. 1984; Krohn et al. 2010).
Acquired DHs frequently located at the junction between the
tendinous and muscular parts of the diaphragm, are typically
larger than congenital hernias and tend to develop as a
result of trauma or acute increase in intra-abdominal pressure
that may be associated with intense exercise (Bristol 1986;
Hart and Brown 2009; Romero and Rodgerson 2010).
Although a history of trauma may be available in some
cases, that is not the case in many others. The presence of
smooth, fibrous edges of the rent is consistent with congenital
developmental hernias or with chronic hernias.

True DHs can also occur. These DHs contain a hernial sac,
are congenital in origin and located in the ventral aspect of
the diaphragm next to the xyphoid (Proudman and Edwards
1992; Pauwels et al. 2007). They are referred to as retrosternal or
Morgagni hernias in people and horses, and result from the
incomplete fusion of the septum transversum and the
pleuroperitoneal folds (Paris et al. 1973; Pauwels et al. 2007).
The hernial sac of Morgagni hernias consists of intact
peritoneum and pleura layers within a muscular defect in the
diaphragm, and the presence of a hernial sac prevents direct
communication between the abdominal and thoracic
cavities.

Clinical signs associated with a DH may include signs of
acute onset of severe colic as the horse in the report by
Shnaiderman-Torban et al. (2015); however, other affected
horses may display mild or intermittent colic signs, respiratory

difficulty, exercise intolerance, lethargy or general loss of
condition (Perdrizet et al. 1989; Everett et al. 1992; Goehring et
al. 1999; Dabareiner and White 1999). Clinical signs may also
be absent as DHs have been reported as incidental findings at
post mortem examination or slaughter (Bristol 1986). Because
of the unspecific nature of the clinical signs displayed by
affected animals, preoperative diagnosis of DHs can be
challenging. In the majority of cases, and especially those
associated with acute abdominal colic, a final diagnosis is
achieved at surgery or post mortem examination. Lack of
palpable abdominal viscera during rectal examination may
occur in cases where a large proportion of the abdominal
viscera are herniated into the thoracic cavity (Malone et al.
2001). Borborygmi may be audible during thoracic
auscultation (Hart and Brown 2009). Radiographic or
ultrasonographic evidence of the presence of abdominal
viscera within the thoracic cavity is pathognomonic of
diaphragmatic hernia (Hassel 2007). Abdominal paracentesis
may not be representative in the assessment of bowel viability
as the affected bowel is in the thorax and not in the abdominal
cavity (Bristol 1986).

As highlighted in the report by Shnaiderman-Torban et al.
(2015), the typical dorsal location of the diaphragmatic rent
and the deep-chested anatomy of horses make repair of the
defect challenging. As a consequence, dorsally located
defects have frequently been left open after replacement of
herniated bowel; however, recurrence of herniation has been
recognised (Dabareiner and White 1999; Hart and Brown
2009; Romero and Rodgerson 2010; personal observation by
the author). This case report by Shnaiderman-Torban et al.
(2015) describes the surgical closure of the DH in an 18-year-
old mare through a conventional ventral midline laparotomy
approach. The authors are to be commended for the
successful completion of a lateral thoracotomy following a
ventral midline laparotomy during the same anaesthetic
procedure. Total surgery or anaesthesia times are not
provided but the report clearly highlights the difficulties in
gaining access to the hernia and the intraoperative
complications, especially difficulties with patient oxygenation.
It also shows how intraoperative close monitoring and
manipulations can be used to improve the oxygenation of
the horse and the use of the reverse Trendelenburg to
improve the oxygenation and its associated effect on the
systemic arterial pressure. A pure respiratory acidosis is
suggested during abdominal surgery, although a metabolic
component may also be present based on the high lactate
levels and negative base excess observed. Electrolyte and
protein analyses at the time would have aided in the acid-
base assessment. Unfortunately, results of blood gas analyses
during the thoracotomy procedure and the early post
operative period are not available; these would have been
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very illustrative and provided further evidence for the
administration and efficacy of intratracheal oxygen therapy.

Initial reports on repair of DHs in horses have used ventral
midline abdominal surgical approaches, which frequently
require blind closure of the defect either by hand or by use
of hand-held stapler or laparoscopic instrumentations
(Romero and Rodgerson 2010). A thoracic approach after a
partial rib resection has been used in cattle (Krishnamurthy
et al. 1980) and horses under general anaesthesia (Malone
et al. 2001; Shnaiderman-Torban et al. 2015). Reports of
successful repair of DHs using minimally invasive techniques
are still scarce but are expected to increase over the next
few years. Malone et al. (2001) used thoracoscopy as
guidance for a thoracotomy approach via rib resection.
Repair of small diaphragmatic defects has been described
via laparoscopy with or without hand-assistance (Hart and
Brown 2009; Klohnen 2012) although abdominal organs may
obscure the defect in some cases (R€ocken et al. 2013).
Thoracoscopy in the standing horse allowed repair of the
defect by intrathoracic suture technique in a single case
report (R€ocken et al. 2013). Thoracoscopy and laparoscopy
offer the advantages of increased visualisation, minimally
invasive technique, decreased perioperative pain and post
operative morbidity, as well as shortened recovery time
compared with conventional surgery (Krohn et al. 2010;
Klohnen 2012). Nonetheless, potential pleuropulmonary and
cardiovascular consequences should be considered when
planning and performing thoracoscopy in horses (R€ocken
et al. 2013).

Perioperative complications of DHs include death during
induction into general anaesthesia, failure of the repair and
re-herniation during recovery from anaesthesia, and post
operative adhesion formation and surgical site infection (Hart
and Brown 2009; Romero and Rodgerson 2010). Prognosis for
DHs is considered guarded to unfavourable with reported
overall long-term survival rates of 17% (Hart and Brown 2009)
and 23% (Romero and Rodgerson 2010). The same studies
report survival rates of 34 and 46%, respectively, for horses
undergoing surgical treatment (Hart and Brown 2009; Romero
and Rodgerson 2010). The differences between these figures
can be explained by the proportion of horses with DHs that
were subjected to euthanasia before attempting surgical
treatment or during surgery based on poor prognosis, which
in some cases has been related to the location of the
diaphragmatic defect. Small size (<10 cm), ventrally-located
defects, young animals (<2 years) and smaller proportion of
intestinal involvement have been associated with survival
(Hart and Brown 2009). However, if only cases with operable
lesions are considered, the prognosis improves and return to
previous use including dressage, showjumping and racing
can be achieved (Pauwels et al. 2007; Romero and
Rodgerson 2010; R€ocken et al. 2013). It is expected that use
of minimally invasive techniques in the treatment of DHs be
associated with increased successful outcome for horses
suffering from DHs in the future.
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Case Report

Guttural pouch perforation caused during nasogastric intubation
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Summary
A 19-year-old gelding presented with swelling of the
pharyngeal region following evaluation for an episode of
colic. Endoscopy, radiography and ultrasonography were
utilised in diagnosis of a guttural pouch perforation,
secondary to nasogastric intubation. Conservative treatment
resulted in a fibrin seal over the perforation. Unfortunately, the
horse succumbed to colitis and was subjected to euthanasia
before resolution of the injury.

Introduction

Complications associated with nasogastric intubation
include epistaxis (Hardy et al. 1992), fragmentation of the
nasogastric tube (Baird and True 1989), pharyngeal perforation
(Rashmir-Raven et al. 1991), oesophageal ulceration (Hardy
et al. 1992) and gastric rupture (Roberts 1995). Inadvertent
oronasal and nasotracheal intubations during attempted
nasogastric intubation have also caused laryngeal and
tracheal lesions (Holland et al. 1986; Heath et al. 1989; Saulez
et al. 2009) including laryngeal swelling and tracheal
perforation. Despite the close proximity of the auditory tube
diverticulum (guttural pouch) to the tip of the nasogastric tube
during its passage, injury to the guttural pouch during
nasogastric intubation, to our knowledge, has not been
previously reported.

The following report describes the presentation, diagnosis
and treatment of guttural pouch perforation that occurred
during passage of a nasogastric tube.

Case details

History
A 19-year-old Dutch Warmblood gelding was presented with a
5 h history of swelling of the pharyngeal region. The horse had
been examined 9 h previously by the referring veterinarian for
signs of abdominal pain. At that time, the physical examination
was unremarkable, with the exception of an elevated heart
rate and moderate signs of abdominal pain, specifically
pawing and flank watching. The referring veterinarian
administered 1.1 mg/kg flunixin meglumine (Banamine)1

intravenously. When a nasogastric tube was initially placed,
the veterinarian described that he was unable to advance the
tube beyond the pharyngeal region. A different nasogastric
tube of wider diameter was selected and easily passed into
the stomach and 6 l of water were administered for treatment
of the colic. Four hours later, mild colic signs were again noted
by the owner. During re-examination by the referring
veterinarian 4 h later, swelling of the throatlatch region was
apparent, and a perforation of the upper airway or

oesophagus was suspected. The referring veterinarian
administered 6.6 mg/kg bwt gentamicin (Gentocin)1 i.v. and
2 mg/kg bwt ceftiofur (Excede)2 i.m. before prompt referral.

Clinical presentation
On presentation, the horse’s vital signs were within normal
range and no signs of abdominal pain were observed. During
examination of the abdomen, a mild pelvic flexure impaction
was palpable per rectum.

A small quantity of serosanguinous discharge dripped
from the right naris. Swelling and crepitus was palpated in the
throatlatch region, extending along the cranioventral third of
the neck and between the horizontal rami of the mandible.
There were no palpable structural abnormalities within the
throat region. There was no evidence of respiratory distress or
external wounds, and all cranial nerve function appeared to
be normal.

Diagnostic tests
Ultrasonographic examination of the throatlatch region, using
a linear, 7.5 mHz probe (Philips HD11XE)3, revealed multiple
small hyperechoic reflections in the subcutaneous tissues,
consistent with subcutaneous emphysema; defects in the
larynx or cranial portion of the trachea were not observed.
During endoscopic examination (Olympus GF UC30P
1.4 mm 9 120 cm endoscope)4 of the upper respiratory tract,
serosanguinous fluid was seen emanating from the plica
salpingopharyngeus of the right guttural pouch. The guttural
pouch was examined endoscopically. Mild haemorrhage,
erythema and swelling throughout the guttural pouch were
observed (Fig 1). There was no evidence of fungal plaques,
nerve or vessel damage, and the stylohyoid bone appeared
normal. On the medial aspect of the medial compartment of
the guttural pouch, a 2 cm diameter circular depression was
observed. In the ventromedial aspect of the depression, a
perforation through the wall of the guttural pouch was seen
(Fig 2) and was suspected to be the source of the
subcutaneous emphysema. External compression of the right
side of the proximal oesophagus was noted, 55 cm from the
naris; the left guttural pouch, pharynx, trachea and
oesophagus were also examined endoscopically and
appeared normal. There was no evidence of pharyngeal
collapse or swelling. A diagnosis of perforation of the right
guttural pouch was made.

Radiographic examination of the cervical region revealed
radiolucencies consistent with air in tissue planes of the ventral
portion of the neck, extending from the guttural pouch to the
level of the fifth cervical vertebra. There were no other
significant abnormalities observed (Fig 3). Oral examination,
via the use of a Haussmann speculum, was unremarkable.
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Treatment
An i.v. catheter was placed in the left lateral thoracic vein,
due to the presence of subcutaneous emphysema in the
proximal neck region, and an isotonic crystalloid solution
(Plasmalyte A)5 was administered at 3.75 ml/kg bwt/h to
ensure adequate hydration; it was also thought that throat
pain and subcutaneous emphysema could result in reduced
water intake. This rate was decreased to a maintenance rate
of 2.5 ml/kg bwt/h after 12 h of treatment when repeat
packed cell volume and plasma protein concentration
measurements indicated that the horse was adequately
hydrated. When the horse was seen to drink without
apparent difficulty 36 h after presentation, i.v. fluid therapy
was discontinued. Flunixin meglumine (Banamine)1 was
continued at 1.1 mg/kg bwt i.v. twice daily for 3 days and
once daily for 2 days. Gentamicin (Gentocin)1 initially
administered by the referring veterinarian was continued at
6.6 mg/kg bwt i.v. once daily for 5 days. A second dose of
ceftiofur (Excede)2 (2 mg/kg bwt) was administered 4 days

after the initial dose administered by the referring
veterinarian. Metronidazole was added to the treatment
regime at 25 mg/kg bwt orally 3 times daily, due to the risk of
anaerobic infection in the subcutaneous tissue planes (Moore
1993).

The horse was fed soaked hay and Equine Senior6 mash
for ease of mastication and deglutition. The guttural pouch
perforation was expected to heal by second intention.

Outcome
After 2 days of treatment, the swelling and crepitus in the
laryngeal and ventral neck regions had decreased and nasal
discharge had ceased. By Day 5 of hospitalisation
pharyngeal swelling had largely resolved. During repeat
endoscopy the defect in the guttural pouch was seen to be
covered with fibrin (Fig 4). All medication was discontinued at
this time.

Several hours after discontinuation of medication, the
horse showed signs of abdominal pain. Palpation per rectum
revealed a fluid-filled colon; abdominal ultrasound revealed
a thickened wall of the right dorsal colon. The packed cell
volume was 60%; the total protein was 62 g/l; the total white
blood cell count was 11.03 9 109/l. Isotonic crystalloids
(Plasmalyte A)5 were administered at 90 ml/kg bwt/h and
3,000,000 iu polymixin B (Polymixin B)7 was administered i.v.
twice daily; 4 l plasma was also administered i.v. Lidocaine
(Lidocaine)8 was initially administered i.v. as a bolus of
1.3 mg/kg bwt over 15 min and was continued at 0.05 mg/kg
bwt/h for its anti-inflammatory effect. Firocoxib (Equioxx)9 was
given at 0.3 mg/kg bwt i.v. twice daily for inflammation, in
preference to the nonspecific cyclooxygenase inhibitor,
flunixin. As the guttural pouch defect and associated trauma
to the pharynx had nearly resolved, a naogastric tube was
passed for administering the gastrointestinal absorbent di-tri-
octahedral smectite (Biosponge)10 twice daily. The horse also
received Saccharomyces boulardii11 (100,000 u/kg bwt) orally
twice daily to increase prostaglandin production, and was
placed in ice-boots. Within 24 h of commencement of
treatment, the albumin had decreased to 20 g/l and the

Fig 1: Endoscopic view of the right guttural pouch,
demonstrating haemorrhage, erythema and swelling but no
evidence of vessel, nerve or stylohyoid damage. Bubbles are
observed on the right of the image, close to the area of
perforation.

Fig 2: Endoscopic view of the medial aspect of the right guttural
pouch, depicting the lesion and perforation of the guttural pouch
(shown by the arrow). The longus capitis muscle is located just to
the left of the image.

Fig 3: Lateromedial radiograph of the ventral neck
demonstrating gas opacity in the tissue planes. The arrow shows
the presence of gas at the guttural pouch and in the adjacent
tissue planes.
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total white blood cell count was marginally decreased at
5.09 9 109/l. Despite intensive treatment, signs of
disseminated intravascular coagulation developed, with a
prothrombin time of 16.4 s (reference interval 11.2–13.4 s), an
activated thromboplastin time of 61.2 s (reference interval
31–37 s) and a platelet count of 19 9 109/l (reference interval
100–230 9 109/l). Acetylsalicylic acid (aspirin)12 (50 mg/kg
orally twice daily) and low molecular weight heparin
(enoxaparin)13 (0.35 mg/kg subcutaneously once daily), were
administered. When the horse became recumbent and
unable to rise 9 days after presentation, it was subjected to
euthanasia.

At necropsy, an ulcerative necrotising colitis, with marked
diffuse congestion, oedema and multifocal intravascular
thrombosis was observed throughout the colon. Ulceration
and haemorrhage was marked within the right guttural
pouch; however, the perforation was no longer evident.

Discussion

Perforation of the guttural pouch due to nasogastric
intubation has not previously been reported. Nasogastric
intubation has, however, been reported to cause pharyngeal
perforation (Rashmir-Raven et al. 1991), pharyngeal and
oesophageal oedema and ulceration (Hardy et al. 1992),
gastric rupture (Roberts 1995), and sinusitis (Nieto et al. 2014).
By comparison, despite improved flexibility, endotracheal
tubes have also been associated with laryngotracheal
trauma (Holland et al. 1986) and tracheal perforation (Saulez
et al. 2009). Endotracheal tubes differ significantly in their size
and composition (polyvinyl chloride, nylon, Teflon or, most
commonly, silicone rubber) when compared with nasogastric
tubes (which are constructed from polyurethane or soft
rubber). Silicone rubber provides an endotracheal tube with
increased flexibility and pliability.

In the case reported here, in the absence of pharyngeal
perforation, the nasogastric tube must have entered the
guttural pouch via the plica salpingopharyngeus. At the time
of the incident, a small bore nasogastric tube was used and
it was reported that the tube could not be passed beyond
the pharyngeal region. A larger tube was subsequently

passed with ease into the stomach. We suspect that during
the initial attempt at nasogastric intubation the tube entered
the right guttural pouch via the plica salpingopharyngeus.
The tube then penetrated the medial aspect of the medial
compartment, over the longus capitis muscle. It is proposed
that only a small diameter tube would be able to access the
guttural pouch via the plica salpingopharyngeus. It is
therefore recommended that placement of small diameter
nasogastric tubes in mature horses is performed with the aid
of endoscopy, where possible.

Differential diagnoses included trauma to the vessels of
the guttural pouch, trauma to the longus capitis muscle and
rectus capitis ventralis muscles within the medial wall of the
guttural pouch, fracture of the stylohyoid bone, guttural
pouch mycosis, guttural pouch empyema and guttural
pouch foreign body. Trauma to, and possible perforation of,
the pharynx, oesophagus or trachea were also considered as
possible causes of pharyngeal emphysema but ruled out
during endoscopic examination.

Other potential causes of the subcutaneous emphysema
observed in this case include oesophageal rupture (Craig
et al. 1989), skin wounds in the axilla (Hance and Robertson
1992), bacterial infections such as clostridial myositis (Reef
1983) and tracheal rupture (Saulez et al. 2005). Oesophageal
and tracheal rupture were ruled out by endoscopic and
radiographic examination.

The guttural pouches also contain the facial nerve, the
mandibular nerve and the pharyngeal branches of the
glossopharyngeal and vagus nerves (Freeman and Hardy
2012); the vestibulocochlear, glossopharyngeal, vagus,
accessory and hypoglossal nerves also run close to and can
be affected by, disease of the guttural pouch (Borges and
Watanabe 2011). Each of these nerves is susceptible to
damage when trauma to the guttural pouch occurs.
Endoscopic examination of the guttural pouches can provide
evidence as to whether or not these nerves are likely to be
affected (Borges and Watanabe 2011). However, regardless
of the results of diagnostic imaging and endoscopic
examination, the horse must be monitored for neurological
signs, including dysphagia and Horner’s syndrome, to ensure
that nerve damage has not occurred.

Endoscopic examination is also necessary to evaluate
potential trauma of the stylohyoid bone and longus capitis and
rectus capitis ventralis muscles (Freeman and Hardy 2012).
Injuries to these structures are most frequently caused by falling
backwards and sustaining a trauma to the cranium (Sweeney
et al. 1993). The stylohyoid bone can also be evaluated
radiographically. This is particularly important as fracture of the
stylohyoid bone secondary to osteoarthropathy has been
associated with nasogastric intubation in 2 horses, suggesting
that this procedure may carry a greater risk in horses with this
condition (Walker et al. 2002). Other imaging methods such as
computed tomography and magnetic resonance imaging
have been used to evaluate the guttural pouch (Sasaki et al.
1999; Oto and Haziroglu 2011). Although these modalities can
be useful to image structures within the guttural pouch, they
would not have given as detailed an image of the soft tissue
lesion as endoscopy provided in the case reported here.

The penetration of the guttural pouch occurred on the
medial aspect of the medial compartment. No attempt was
made to surgically repair the perforation, for a number of
reasons. The surgical approaches to the guttural pouch
(hyovertebrotomy, Viborg’s triangle approach, Whitehouse

Fig 4: Endoscopic view of the medial aspect of the right guttural
pouch, confirming that the lesion had formed a fibrin seal (shown
by the arrow). ‘A’ shows the location of the medial aspect of the
longus capitis muscle.
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and modified Whitehouse) would probably have not allowed
access for surgical repair. Airway perforation in other
structures, such as the trachea, can be treated by
performing a tracheostomy and placing a short, cuffed
tracheal tube (Saulez et al. 2005); theoretically, this would
also reduce airflow to the guttural pouch. Given the small
quantity (300–500 ml capacity) of airflow in the guttural
pouch (Baptiste et al. 2000), the functional
salpingopharyngeal fold, as well as the difficulty in accessing
the region of injury, surgical repair was not attempted. We
presumed that the defect would heal readily by second
intention, as occurs with reported guttural pouch tears and
minor tracheal tears (Caron and Townsend 1984; Fogel and
Gerard 2007; Ainsworth and Cheetham 2010).

There are no reports detailing the healing time for guttural
pouch perforations; however, this case indicates that healing
time might be more rapid than that reported for tracheal
lacerations. The guttural pouch defect had formed a fibrin seal
within 5 days. In reports describing tracheal perforation in
horses, a fibrin seal covered the defect at 7 and 8 days
(Gronvold et al. 2005; Saulez et al. 2009); however, Caron and
Townsend (1984) report a tracheal defect that was not
completely sealed after 21 days. In this case, the short healing
time in the guttural pouch may be due to the small size of the
defect and the small amount of air movement in the region.

Reported antimicrobial therapies in other cases of upper
airway perforation include procaine penicillin G (Caron and
Townsend 1984; Gronvold et al. 2005) and procaine penicillin
G in combination with metronidazole (Saulez et al. 2009). We
believe that the horse in the case described here
succumbed to colitis caused by administration of
antimicrobial drugs (Rakestraw and Hardy 2012; Harlow et al.
2013) even though they were administered at recommended
dosages. Four days after admission a second dose of
ceftiofur (Excede) was administered, as recommended by
the manufacturers. The authors consider it a possibility that
the administration of a systemic, long-acting antimicrobial
increased the likelihood of development of colitis in this case.
In hindsight, it would have been preferable to perform
endoscopy one day earlier to assess the progress of the
perforation; this may have negated the administration of
additional antimicrobials.

Conclusions

Perforation of the guttural pouch due to nasogastric
intubation is a rare occurrence but this case highlights the
importance of selecting an appropriately sized nasogastric
tube for the patient, as well as being vigilant during the
placement process. In this case, the lesion had sealed with
no evidence of a perforation at necropsy, and would
probably have healed if the horse had not died of a
complication of therapy.

Authors’ declaration of interests

No conflicts of interest have been declared.

Ethical animal research

Ethical review was not required for this study. Informed
consent for educational use of images of the animal was
obtained from the owner.

Source of funding

No funding was provided for this study.

Authorship

All authors contributed directly to case management, the
writing of the manuscript, and checked the final version.

Acknowledgement

We would like to thank Dr Justin Mims for referring the case
and for the initial treatment provided.

Manufacturers’ addresses
1Merck Animal Health, Millsboro, Delaware, USA.
2Zoetis, Florham Park, New Jersey, USA.
3Philips, Baltimore, Maryland, USA.
4Olympus, Center Valley, Pennsylvania, USA.
5Abbott Animal Health CE, Hilburn, Georgia, USA.
6Purina, Purina Mills LLC, Gray Summit, Missouri, USA.
7XGen Pharmaceuticals, Horseheads, New York, USA.
8BDI Pharma Inc., Columbia, South Carolina, USA.
9Merial Ltd, Duluth, Georgia, USA.
10Platinum Performance, Buelton, California, USA.
11Swanson Health Products, Fargo, North Dakota, USA.
12Bayer, Leverkusen, Germany.
13Sanofi-Aventis, Bridgewater, New Jersey, USA.

References
Ainsworth, D.M. and Cheetham, J. (2010) Disorders of the respiratory

system. In: Equine Internal Medicine, 3rd edn., Eds: S.M. Reed,
W.M. Bayly and D.C. Sellon, W.B. Saunders, St Louis. pp 290-371.

Baird, A.N. and True, C.K. (1989) Fragments of nasogastric tubes as
oesophageal foreign bodies in two horses. J. Am. Vet. Med. Ass.
194, 1068-1070.

Baptiste, K.E., Naylor, J.M. and Bailey, J. (2000) Physiology: a function
for guttural pouches in the horse. Nature 403, 382-383.

Borges, A.S. and Watanabe, M.J. (2011) Guttural pouch diseases
causing neurologic dysfunction in the horse. Vet. Clin. N. Am.:
Equine Pract. 27, 545-572.

Caron, J.P. and Townsend, H.G.G. (1984) Tracheal perforation and
widespread subcutaneous emphysema in a horse. Can. Vet. J. 25,
339-341.

Craig, D.R., Shivy, D.R., Pankowski, R.L. and Erb, H.N. (1989)
Esophageal disorders in 61 horses. Results of nonsurgical and
surgical management. Vet. Surg. 18, 432-438.

Fogel, C.A. and Gerard, M.P. (2007) Spontaneous rupture of the
guttural pouch as a complication of treatment for guttural pouch
empyema. Equine Vet. Educ. 19, 351-355.

Freeman, D.E. and Hardy, J. (2012) Guttural pouch. In: Equine
Surgery, 4th edn., Eds: J.A. Auer and J.A. Stick, Elsevier, St Louis.
pp 623-642.

Gronvold, A.M.R., Khler, C.F. and Hanche-Olsen, S. (2005)
Conservative treatment of tracheal perforation in a 13-year-old
hunter stallion. Equine Vet. Educ. 17, 142-145.

Hance, S.R. and Robertson, J.T. (1992) Subcutaneous emphysema
from an axillary wound that resulted in pneumomediastinum and
bilateral pneumothorax in a horse. J. Am. Vet. Med. Assoc. 200,
1107-1110.

Hardy, J., Stewart, R.H., Bears, W.L. and Yvorchuk-St-Jean, K. (1992)
Complications of nasogastric intubation in horses: nine cases
(1987–1989). J. Am. Vet. Med. Ass. 201, 483-486.

Harlow, B.E., Lawrence, L.M. and Flythe, M.D. (2013) Diarrhea-associated
pathogens, lactobacilli and cellulolytic bacteria in equine feces:
responses to antibiotic challenge. Vet. Microbiol. 166, 225-232.

© 2015 EVJ Ltd

401EQUINE VETERINARY EDUCATION / AE / AUGUST 2015



Heath, R.B., Steffey, E.P. and Thurmon, J.C. (1989) Laryngotracheal
lesions following routine orotracheal intubation in the horse. Equine
Vet. J. 21, 434-437.

Holland, M., Snyder, J.R. and Steffey, E.P. (1986) Laryngotracheal injury
associated with nasotracheal intubation in the horse. J. Am. Vet.
Med. Ass. 189, 1447-1450.

Moore, R.M. (1993) Pathogenesis of obligate anaerobic bacterial-
infections in horses. Comp. Cont. Educ. Pract. Vet. 15, 278-287.

Nieto, J.E., Yamout, S. and Dechant, J.E. (2014) Sinusitis associated
with nasogastric intubation in three horses. Can. Vet. J. 55, 554-
558.

Oto, C. and Haziroglu, R.M. (2011) Magnetic resonance imaging of the
guttural pouch (diverticulum tutae auditivae) and its related structures
in donkey (Equus asinus).Ankara Univ. Vet. Fak. Derg. 58, 1-4.

Rakestraw, P.C. and Hardy, J. (2012) Large intestine. In: Equine
Surgery, 4th edn., Eds: J.A. Auer and J.A. Stick, Elsevier, St Louis. pp
454-494.

Rashmir-Raven, A.M., DeBowes, R.M., Gift, L.J. and Douglass, J.B.
(1991) What is your diagnosis? Upper airway obstruction in a horse
caused by pharyngeal perforation during nasogastric intubation.
J. Am. Vet. Med. Ass. 198, 1991-1992.

Reef, V.B. (1983) Clostridium perfringens cellulitis and immune-
mediated haemolytic anaemia in a horse. J. Am. Vet. Med. Ass.
182, 251-254.

Roberts, S.J. (1995) Cautions use of firm stomach tubes in horses.
J. Am. Vet. Med. Assoc. 207, 847.

Sasaki, M., Hayashi, Y. and Koie, H. (1999) CT examinations of the
guttural pouch (auditory tube diverticulum) in Prezwalski’s horse
(Equus przewalski). J. Vet. Med. Sci. 61, 1019-1022.

Saulez, M.N., Slovis, N.M. and Louden, A.T. (2005) Tracheal perforation
managed by temporary tracheotomy in a horse. J. S. Afr. Vet. Ass.
76, 113-115.

Saulez, M.N., Dzikiti, B. and Voigt, A. (2009) Traumatic perforation of
the trachea in two horses caued by orotracheal intubation. Vet.
Rec. 164, 719-722.

Sweeney, C., Freeman, D.E., Sweeney, R.W., Rubin, J.L. and Maxson,
A.D. (1993) Hemorrhage into the guttural pouch (auditory tube
diverticulum) associated with rupture of the longus capitis muscles
in three horses. J. Am. Vet. Med. Ass. 202, 1129-1131.

Walker, A.M., Sellon, D.C., Cornellise, C.J., Hines, M.T., Ragle, C.A., Cohen,
N. and Schott, H.C. 2nd (2002) Temperohyoid osteoarthropathy in
33 horses (1993–2000). J. Vet. Intern. Med. 16, 697-703.

© 2015 EVJ Ltd

402

Bisphosphonate
For use in horses only.

Brief Summary (For Full Prescribing Information, see package insert)

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

DESCRIPTION: Clodronate disodium is a non-amino, chloro-containing bisphosphonate. Chemically, clodronate disodium is 
(dichloromethylene) diphosphonic acid disodium salt and is manufactured from the tetrahydrate form.

INDICATION: For the control of clinical signs associated with navicular syndrome in horses.

CONTRAINDICATIONS: Horses with hypersensitivity to clodronate disodium should not receive OSPHOS.

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

HUMAN WARNINGS: Not for human use. Keep this and all drugs out of the reach of children. Consult a physician in case of 
accidental human exposure.

PRECAUTIONS: As a class, bisphosphonates may be associated with gastrointestinal and renal toxicity. Sensitivity to drug 
associated adverse reactions varies with the individual patient. Renal and gastrointestinal adverse reactions may be associated 
with plasma concentrations of the drug. Bisphosphonates are excreted by the kidney; therefore, conditions causing renal 
impairment may increase plasma bisphosphonate concentrations resulting in an increased risk for adverse reactions. 
Concurrent administration of other potentially nephrotoxic drugs should be approached with caution and renal function should 
be monitored. Use of bisphosphonates in patients with conditions or diseases affecting renal function is not recommended. 
Administration of bisphosphonates has been associated with abdominal pain (colic), discomfort, and agitation in horses. Clinical 
signs usually occur shortly after drug administration and may be associated with alterations in intestinal motility. In horses 
treated with OSPHOS these clinical signs usually began within 2 hours of treatment. Horses should be monitored for at least 2 
hours following administration of OSPHOS.

Bisphosphonates affect plasma concentrations of some minerals and electrolytes such as calcium, magnesium and 
potassium, immediately post-treatment, with effects lasting up to several hours. Caution should be used when administering 
bisphosphonates to horses with conditions affecting mineral or electrolyte homeostasis (e.g. hyperkalemic periodic paralysis, 
hypocalcemia, etc.).

The safe use of OSPHOS has not been evaluated in horses less than 4 years of age. The effect of bisphosphonates on the 
skeleton of growing horses has not been studied; however, bisphosphonates inhibit osteoclast activity which impacts bone 
turnover and may affect bone growth.

Bisphosphonates should not be used in pregnant or lactating mares, or mares intended for breeding. The safe use of OSPHOS 
has not been evaluated in breeding horses or pregnant or lactating mares. Bisphosphonates are incorporated into the bone 
matrix, from where they are gradually released over periods of months to years. The extent of bisphosphonate incorporation 
into adult bone, and hence, the amount available for release back into the systemic circulation, is directly related to the total 
dose and duration of bisphosphonate use. Bisphosphonates have been shown to cause fetal developmental abnormalities in 
laboratory animals. The uptake of bisphosphonates into fetal bone may be greater than into maternal bone creating a possible 
risk for skeletal or other abnormalities in the fetus. Many drugs, including bisphosphonates, may be excreted in milk and may 
be absorbed by nursing animals.

Increased bone fragility has been observed in animals treated with bisphosphonates at high doses or for long periods of time. 
Bisphosphonates inhibit bone resorption and decrease bone turnover which may lead to an inability to repair micro damage 
within the bone. In humans, atypical femur fractures have been reported in patients on long term bisphosphonate therapy; 
however, a causal relationship has not been established.

ADVERSE REACTIONS: The most common adverse reactions reported in the field study were clinical signs of discomfort or 
nervousness, colic and/or pawing. Other signs reported were lip licking, yawning, head shaking, injection site swelling, and 
hives/pruritus.

Distributed by:
Dechra Veterinary Products
7015 College Boulevard, Suite 525
Overland Park, KS 66211, 866-933-2472

© 2013 Dechra Ltd.
OSPHOS is a registered trademark of 
Dechra Ltd. All rights reserved.
NADA 141-427,
Approved by FDA

OSPHOS® (clodronate injection)

EQUINE VETERINARY EDUCATION / AE / AUGUST 2015



http://www.dechra-us.com
http://www.equinelameness.com


Your clients  
look to you...

Recommend
with confidence

*avocado/soybean unsaponifi ables

The combination of glucosamine/chondroitin sulfate plus ASU* 

has been shown in cartilage cell studies to be more effective than 

glucosamine/chondroitin sulfate alone at inhibiting expression of 

several components involved in the breakdown of cartilage.

Source: Survey conducted in February 2014 of equine veterinarians who recommended oral joint health supplements.

010.1170.00

For more information and to view our research
visit our Vet Portal at CosequinEquine.com

http://www.CosequinEquine.com


Clinical Commentary

The equine guttural pouch: Clinically relevant anatomy and basic
treatment options for trauma
J. Weston Davis* and C.J. Caniglia

Palm Beach Equine Clinic, Wellington, Florida, USA.
*Corresponding author email: westondavisdvm@gmail.com

Keywords: horse; guttural pouch; nasogastric intubation; trauma

The guttural pouches are diverticula of the Eustachian tubes,
connecting the middle ear to the pharynx (Dyce et al. 2002;
Freeman and Hardy 2012). The opening of the guttural pouch
into the pharynx is called the nasopharyngeal ostium, formed
by a fibrocartilaginous fold medially and the pharyngeal wall
laterally (Dyce et al. 2002; Freeman and Hardy 2012). This is
the entry way to a short funnel-shaped soft tissue passage
into the respective guttural pouch. The openings are oriented
in a rostroventrad to caudodorsad direction to facilitate
drainage when the head is lowered (Dyce et al. 2002;
Freeman and Hardy 2012). In horses, the guttural pouch
openings are disproportionately larger than other species of
similar size, like moose and cattle, measuring 30–40 mm
(Baptiste 1997).

Clinical endoscopic examinations have shown these large
entrances to open during swallowing. Although not
completely understood, the intrinsic musculature of the
pharynx plays a vital role in this mechanism. The plica
salpingopharyngeus, the mucosal fold along the ventral
aspect of the funnel entrance into the guttural pouch, is
attached to the pterygopharyngeus muscle (Baptiste 1997).
Stimulation of the pterygopharyngeus muscle, in addition to
the levator and tensor veli palatini muscles, has been shown
to pull the plica salpingopharyngeus axially (Baptiste 1997).
The result is marked opening of these folds into the
pharyngeal lumen during a swallow (Figs 1 and 2).

The swallowing reflex in the horse has three phases
including a prepharyngeal, pharyngeal and oesophageal
stage (Aleman 2009). Nasogastric intubation bypasses the
prepharyngeal stage, but similar to a food bolus reaching the
pharynx, stimulates the main afferent pathway of swallowing
via the glossopharyngeal nerve (Aleman 2009). Nasogastric
intubation may also stimulate the swallow reflex by activation
of sensory mechanoreceptors within the laryngeal mucosa
(Holcomb et al. 2001). Pharyngeal stimulation of a swallow
could occur when the tube is near an opening or
repositioning of the tube may also position near to a guttural
pouch opening by the time swallowing occurs.

Considering the orientation of the openings of the guttural
pouches along the pharyngeal wall, their larger diameter
compared with other domestic species of similar size, the
axial deviation that occurs during swallowing and the
swallow reflex initiated by intubation, one would anticipate
passage of a nasogastric tube into a guttural pouch to be
encountered relatively frequently on blind intubation. This
may occur more often than we would anticipate as the
length from nares to blind end of the guttural pouch is not
markedly different from the length to other commonly
blamed blind ends for intubation difficulties, like the dorsal
pharyngeal recess or caudal pharynx.

To the authors’ knowledge, there are no published values
for dimensions of the guttural pouch openings during
swallowing. Thus, while using a large bore nasogastric tube
would intuitively decrease the chances of passage into the
guttural pouch, data for specific size recommendations is
lacking. Based on this case report, caution should be
exercised during passage of the nasogastric tube through the
pharynx (Gillen et al. 2015). Upper airway endoscopy could
be used as an adjunct tool whenever difficulties are
encountered to facilitate accurate placement and reduce
complications.

The result of this complication in this case was limited to the
presence of subcutaneous emphysema and mild dysphagia.
However, the potential for other sequelae should be
considered. The internal carotid artery, cranial cervical
ganglion, cervical sympathetic trunk and cranial nerves IX, X, XI
and XII lie within the mucosa on the caudal wall of the medial
compartment. The pharyngeal branch of the vagus and
cranial laryngeal nerve lie below the mucosa of the floor of the
medial compartment. The external carotid and maxillary
arteries lie along the caudal and dorsal walls of the lateral
compartment, respectively. Finally, the facial and mandibular
nerves both pass along the roof of the lateral compartment
(Freeman and Hardy 2012). Thus, a thorough cranial nerve
examination should be performed to identify any neurological
deficits, specifically signs of Horner’s syndrome, dysphagia and
facial asymmetry. Endoscopy of the affected pouch should
give guidance to what specific deficits might be present
based on location of the perforation. Considering the location
of the perforation in this case on the floor of the medial
compartment, where the pharyngeal branch of the vagus
nerve lies, it is not surprising that the horse suffered from some
degree of dysphagia. The authors’ treatment including anti-
inflammatories, intravenous fluids and feeding of mashes and
soaked hay is appropriate and the dysphagia was transient in
this case (Gillen et al. 2015).

Rupture of the guttural pouch has been previously
reported secondary to lavage of the guttural pouches for
treatment of guttural pouch empyema (Perkins et al. 2006;
Fogle et al. 2007). In the report by Perkins et al. (2006), the
horse was treated using a standing modified Whitehouse to
facilitate removal of inspissated pus and the horse eventually
returned to work. Surgical intervention using a modified
Whitehouse approach was also used by Fogle et al. (2007)
for treatment in one case and for diagnosis and treatment in
another. The site of rupture was left to heal by second
intention in both cases and both horses returned to normal
work. Given the anatomic relationship of the external surface
of the guttural pouch to the mediastinum and the potential
for regional extension of infection, Perkins and Schumacher
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(2007) commented that rupture of the guttural pouch could
lead to formation of a septic pneumomediastinum and
antimicrobial therapy is warranted.

Conservative treatment as provided in this case is the
most logical course of action due to presumed difficulty in
achieving adequate direct repair of the rupture (Gillen et al.

2015). More aggressive treatment, such as placement of a
Foley catheter or a modified Whitehouse approach left open
to relieve pressure and facilitate drainage during the healing
process, could be considered if the horse failed to respond to
treatment or if clinical signs worsened as evidenced by a
progression of the subcutaneous emphysema or regional
infection.

In conclusion, guttural pouch rupture although uncommon,
should be considered as a possible sequela to trauma within
the pouch. This could be due to direct blunt trauma from a
nasogastric tube as reported in this case or from high pressure
lavage as previously reported. Clinical signs usually include the
presence of subcutaneous emphysema and localised
subcutaneous infection. The site of rupture should heal by
second intention but aggressive antimicrobial and supportive
therapies are warranted. Although a specific size of
nasogastric tube to prevent this complication is not known, it is
logical to assume the possibility of entering the guttural pouch
with a larger bore tube is less likely. Caution should be used any
time resistance is encountered during nasogastric intubation
and endoscopy may be beneficial to facilitate accurate
placement and prevent complications if nasogastric
intubation does not go as expected.
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Fig 2: Endoscopic view of the same horse as Figure 1 showing
the enlargement of the openings of the guttural pouches into the
pharynx after a swallowing reflex has been induced by injecting
a stream of water through the biopsy portal.

Fig 1: Normal endoscopic view of the pharynx demonstrating the
slit-like openings of the guttural pouches into the pharynx.
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Dosage 
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1 tablet 2 tablets
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1.5 tablets 3 tablets
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(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 
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be taken to minimize exposure when splitting tablets. Consult a 
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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.
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Summary
Compressive myelopathy caused by an epidural haematoma
associated with fibrocartilage embolism was diagnosed in a
2.5-year-old Hanoverian gelding. The patient showed severe
ataxia with no improvement following medical therapy and a
poor prognosis after myelography. An epidural mass located
dorsal to the intervertebral disc between C4 and C5 was
compressing the spinal cord dorsally to approximately one-
third of its normal height. The epidural tissue was characterised
histologically as an organised thrombus, and its major com-
ponents were fibrin and macrophages with intracytoplasmic
brown, iron-rich granules. Positive Alcian blue stain confirmed
the presence of cartilage within the thrombus.

Introduction

Cartilaginous emboli in spinal cord vessels have been
previously described in several species, mostly associated with
spinal cord ischaemic and/or haemorrhagic infarction.
Fibrocartilaginous embolism was first reported in man in 1961
(Naiman et al. 1961) and in the horse in 1977 (Taylor et al. 1977).
Since that time, only three cases of fibrocartilaginous embolism
associated with ischaemic myelopathy have been described
in horses (Sebastian and Giles 2004; Fuentealba et al. 1991;
Taylor et al. 1977). In all species, the clinical signs associated
with this disease are typically peracute and range from ataxia
or mild paresis to total upper or lower motor neuron paralysis.

Cervical epidural haematomas (CVEHs) have also been
described in several mammalian species. In man, they have
been mostly associated with trauma or coagulopathy but
spontaneous CVEH may occur in the absence of trauma or
coagulopathy. In horses, this is a very rare condition reported
only three times in the literature accounting for nine cases
(Oberregierungsrat and Geheimrat 1966; Gold et al. 2008;
Cunha dos Santos et al. 2014). The cause of haemorrhage and
subsequent haematoma formation was not identified in these
reports but trauma seemed the most likely aetiology. Cervical
epidural haematoma associated with fibrocartilaginous
embolism has not been previously described in horses.

This paper presents a case of CVEH associated with
fibrocartilaginous embolism and subsequent thrombus
formation in the region of the 4th and 5th cervical vertebrae in
a horse that presented with acute onset of neurological signs.

Case history

A 2.5-year-old Hanoverian gelding (515 kg) was presented to
the referral hospital with acute onset of neurological signs

including moderate to severe ataxia of all four limbs. The
horse had been ridden uneventfully the previous evening,
was being trained for dressage and had no known history of
trauma. Vaccination and deworming status were current.

Clinical findings

At presentation, 4 h after onset of clinical signs, the gelding
was bright, alert and responsive, mildly pyrexic at 101.5 F with
otherwise normal vital signs and a body condition score of 5
(range 1–9) (Henneke et al. 1983). The gelding was grade 4/5
ataxic in all four limbs with normal mentation and behaviour
(Furr and Reed 2007). Grade 1 panniculus response was
recorded bilaterally and grade 0 cervico-facial response was
observed bilaterally (0–3 scale) (Furr and Reed 2007).

Results of complete blood count and routine blood
biochemistry panel were within normal values. Serum Vitamin
E was within normal limits (2.6 mg/kg bwt). Serum IgM
antibody to West Nile virus (CAHFS, Davis, California) was
negative. Serum indirect fluorescent antibody test (IFAT)
against Sarcocystis neurona and Neospora hughesi was
negative (UC Davis Immunology Laboratory, Davis,
California). Results of Herpes virus type 1 PCR testing of blood
and types 1 and 4 testing of nasal secretions were also
negative (Taqman Laboratory, Davis, California).

Standing cervical radiographs showed no sign of
malformation, joint disease or stenosis of the vertebral canal
(Fig 1a). A myelogram was subsequently performed under
injectable anaesthesia. A spinal needle was placed in the
atlanto-occipital space, 50 ml of cerebrospinal fluid (CSF)
were collected, and 40 ml of contrast agent (iohexol
[Omnipaque 300]1 300 mg/ml) were injected. Neutral
(Fig 1b), flexed (Fig 1c) and extended (Fig 1d) radiographs
were taken revealing spinal cord compression between C4
and C5. At this point, the differential diagnoses included
intervertebral disc protrusion, haematoma, abscess,
granuloma or neoplasia. Cerebrospinal fluid analysis was
performed on the same day of collection and revealed no
red or white blood cells. Protein was 0 mmol/l and glucose
2.92 mmol/l. No cells were observed on cytology, and no
bacterial growth occurred on blood agar or MacConkey’s
medium inoculated with CSF and incubated aerobically at
37°C for 48 h.

Treatment and outcome

Prior to myelography, the gelding was treated with flunixin
meglumine ([Prevail]2 500 mg i.v. b.i.d.), flumethasone
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([Flumethasone]3 0.01 mg/kg bwt i.v. s.i.d.), omeprazole
([Gastrogard]4 0.25 mg/kg bwt per os s.i.d.), DMSO (DMSO
99%)5 (500 ml i.v. in 5 l Plasmalyte (Plasmalyte A)6 once daily
for 3 days) and vitamin E (4000 units per os b.i.d.).7

Additionally, valacyclovir (30 mg/kg bwt per os t.i.d.)8 and
ponazuril ([Marquis]9 1500 lb dose per os s.i.d.) were given
until the test results came back negative for EHV and EPM.
Despite intensive medical treatment, clinical signs continued
to worsen. Six days after presentation, a myelogram was
performed under anesthesia and led to the discovery of a
compressive lesion at C4-C5., The horse was subjected to
euthanasia during the anaesthetic procedure due to poor
prognosis.

Post mortem findings

At necropsy, neither sign of trauma nor muscle haemorrhage
were observed in the neck. Paramedial section of the
cervical vertebrae revealed a ~1.5 cm diameter epidural
mass dorsal to the intervertebral disc between C4 and C5.
This mass was red and firm and compressed the spinal cord
dorsally to approximately one-third of its normal height (Fig 2).

Microscopically, examination of H&E stained sections of
spinal cord showed mild to moderate degenerative changes
including dilated myelin sheaths, swollen axons and mild
gliosis at C4–C5. The epidural tissue showed a large,
organised thrombus, completely obliterating a large vein. The
thrombus was mostly comprised of fibrin and large amounts
of collagen and fibroblasts (Fig 3). Multifocally within the
thrombus there were many macrophages with
intracytoplasmic brown granular pigment that stained
positive with Perls’ blue, fewer lymphocytes and plasma cells,
red blood cells and small islands of tissue reminiscent of
cartilage that stained positive with Alcian blue (Fig 4). There

was severe fibrosis surrounding the thrombosed blood vessel,
peripheral nerve roots and ganglia at C4. One nerve root
showed a discrete focus of lymphoplasmacytic inflammation.

Discussion

The presence of tissue which stained positive with Alcian blue
confirmed the presence of cartilage within the thrombus. This
thrombus was considered to be a chronic lesion based on the

a) b)

c) d)

Fig 1: Cervical myelogram: (a) without contrast (b) neutral position with contrast (c) flexed position with contrast (d) extended position
with contrast. At C4–5, the contrast columns are thin and the ventral contrast column is displaced dorsally by an epidural soft-tissue
density.

Fig 2: Hemisectioned vertebrae from 2.5-year-old Hanoverian
gelding with ataxia of all four limbs. An epidural mass (~1.5 cm
diameter), dorsal to the intervertebral disc at the junction of C4–5,
red and firm (black arrow) compressed the spinal cord dorsally
to approximately one-third of its normal height.
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presence of fibrosis and Perls’ blue positive material within
macrophages, which was interpreted as haemosiderin. Based
on these findings and the spinal cord lesions, compressive
myelopathy caused by epidural haematoma associated with
fibrocartilaginous embolism was diagnosed.

There are many causes of ataxia in horses and
antemortem definitive diagnosis can be elusive. Clinical
history, neurological examination and CSF analysis can be
useful; however, imaging techniques such as myelography,
computed tomography or magnetic resonance imaging
(MRI) are the diagnostic tools of choice to attempt to reach
a definitive diagnosis and thus formulate a treatment plan
(Haykal et al. 1984). Although MRI was available, it was not
possible to fit the caudal neck into the imaging gantry. The

myelogram showed spinal cord compression between C4
and C5 but the definitive diagnosis of epidural haematoma
could only be confirmed at necropsy. Interestingly, the lesions
in previous reports of equine cervical epidural haematomas
were located more caudally, between C5 and T1 (Gold
et al. 2008; Cunha dos Santos et al. 2014). Additionally, there
does not seem to be any predisposition by age, gender or
breed (Gold et al. 2008; Cunha dos Santos et al. 2014).

In man, cervical spinal epidural haematomas have been
associated with localised pain with neurological deficits
ranging from none to severe (Fukui et al. 1999). Cervical pain
was reported previously in horses diagnosed with CVEH or
with presumed CVEH (Oberregierungsrat and Geheimrat
1966; Gold et al. 2008), but was not observed in our horse;
head carriage was normal and cervical range of motion was
not reduced. Cervical epidural haematomas occurring
spontaneously or after minimal trauma have been attributed
most often to a venous disturbance in people (Groen and
Ponssen 1990; Groen et al. 1997). Predisposing factors include
coagulopathy, anticoagulation, vascular anomaly, disc
herniation, Paget’s disease, Valsalva manoeuvre and possibly
hypertension (Fukui et al. 1999). To our knowledge, cartilage
embolism has not been described as a cause or predisposing
factor for epidural haematomas in people, horses, dogs or
other mammalian species. We suspect that after penetration
into the vessels, the cartilage embolism most likely caused
the rupture of the ventral internal vertebral venous plexus
(VIVP) or intervertebral vein.

In dogs, several hypotheses have been proposed to
explain how the fibrocartilaginous material from the
intervertebral disc enters the spinal vascular system to cause
fibrocartilaginous embolic myelopathy. Direct penetration of
nucleus pulposus fragments into the venous system or
penetration of fibrocartilage into newly formed vessels in a
degenerated disc or into embryonic remnant vessels within
the nucleus pulpous due to increased intervertebral disc
pressure and mechanical herniation of nucleus pulposus into
vertebral bone marrow sinusoidal venous channels with
subsequent retrograde entrance into the basivertebral vein
and internal vertebral venous plexus have been hypothesised
(De Risio and Platt 2010).

While intervertebral disc aetiologies have been implicated
in other species, they are less likely in the horse due to
differences in the disc anatomy with the horse lacking a
distinct gelatinous nucleus pulposus. Additionally, the equine
disc is fibrocartilagenous centrally becoming more fibrous
peripherally without a distinct demarcation between the
nucleus pulposus and annulus fibrosus (Yovich et al. 1985).
Although equine intervertebral disc disease has been
described in the literature (Furr et al. 1991; Speltz et al. 2006),
the disc in the case presented here was pristine, suggesting
other possibilities for the origin of the cartilaginous material.
Another possible source of the embolism is the vertebral
growth plate cartilage, a location that has been proposed in
young dogs (De Risio and Platt 2010). In horses, closure of the
vertebral growth plate does not occur until 4–5 years of age
(Matthews and Nout 2004), making it a potential source of
cartilage embolism in this case.

Conservative treatment is an option in people with CVEH
with good outcome in selected cases. The spontaneous
recovery of neurological impairment is attributed to the
spreading of the haematoma throughout the epidural space,
thus decreasing the pressure and encouraging partial neural

Fig 3: Photomicrograph of the epidural mass showing mild to
moderate degenerative changes. The epidural tissue showed a
large, organised thrombus completely obliterating a large vein.
The thrombus was mostly formed by fibrin and large amounts of
collagen and fibroblasts. Haematoxylin & eosin stain, 103.

Fig 4: Photomicrograph of the thrombus demonstrating small
islands of tissue reminiscent of cartilage. Alcian blue stain, 103.
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recovery (Halim et al. 2008). In horses with CVEH, conservative
treatment has been attempted with variable outcomes and
overall guarded to poor prognoses (Gold et al. 2008; Cunha
dos Santos et al. 2014). In the aforementioned study, four of
five horses were subjected to euthanasia within the first week
of treatment due to progressive deterioration of neurological
status or lack of improvement.

Medical treatment has been based on anti-inflammatory
therapy, intravenous fluids, dimethyl sulfoxide and vitamin E
(Gold et al. 2008; Cunha dos Santos et al. 2014). Poor clinical
response with conservative therapy is attributed to chronic
compression of the spinal cord causing permanent damage.
This damage occurs more often from an organised
haematoma rather than from extensive lesions that spread
throughout the canal and cause less focal compression of
the spinal cord (Gold et al. 2008). In man, surgical
management with decompressive laminectomy is a safe and
effective procedure to treat spinal epidural haematoma and
is usually associated with a favourable prognosis when
performed within 50 h from ictus (Fukui et al. 1999). In horses,
dorsal decompression surgery is complicated due to the size,
weight and difficulty of correctly positioning the horse on the
operating table as well as risks involved during recovery. This
procedure is not frequently performed due to high morbidity
and mortality and the associated guarded prognosis. Moore
et al. (1993) reported only a 40% improvement of the
neurological status after dorsal decompression for static
compressive spinal cord lesions, and lesions of the caudal
cervical vertebral column were associated with fatal post
operative complications. Hirsch et al. (2009) described two
cases. One horse with lymphoma had a positive outcome
immediately following the procedure but was subjected to
euthanasia 6 months later due to recurrence of clinical signs.
The second horse with haemangiosarcoma was unable to
rise following surgery and was subjected to euthanasia.
Additionally, ventral cervical decompression has been
attempted in horses for intervertebral disc protrusion (Nixon
et al. 1984). Ventral decompression allows good visualisation
and easy access to ventral vertebrae, hence could have
been the preferred procedure for this case; nonetheless, the
prognosis remains guarded. To our knowledge, dorsal or
ventral decompression has not been attempted in cases of
epidural haematomas in horses. Surgery was declined in this
case due to the poor prognosis and budget constraints.

Fibrocartilaginous embolism should be considered as a
predisposing factor to epidural haematoma in horses with
cervical spinal cord disease. Diagnostic tests to rule out other
causes such as EHV, WNV, EPM, fracture, or cervical vertebral
stenotic myelopathy should be undertaken. Without the
ability to scan the caudal cervical vertebral column in the
horse with MRI or CT, the myelogram remains an important
tool for evaluation of spinal cord compromise. Conservative
treatment is the safest option to address suspected epidural
haematoma in a horse with mild deficits. Although dorsal
decompression surgery has a guarded prognosis, it should be
considered. However, owners should be educated that the
prognosis for performance is extremely guarded as
neurological deficits are likely to be long-standing.
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Summary
This study compares a commercial semen extender
(control group) to ultra high temperature (UHT) skimmed milk
(treatment group) used during centrifugation for subsequent
cryopreservation of equine semen. Following post-thawing of
semen samples parameters measured included motility, sperm
motion kinetics (using computerised assisted semen analysis)
as well as acrosome and plasmatic membrane integrity (using
fluorescent dyes). After collection and analysis, the sperm-rich
fraction was divided and diluted with either: control (1:1 dilution
in a skimmed milk-glucose extender) or treatment (1:1 dilution
inUHT skimmedmilk). Themilk used in this experimentwasof the
same source, commercial brand, of only one lot. After dilution,
samples were subjected to centrifugation at 600 g for 10 min
and spermpellets were resuspended in a freezing extender to a
concentration of 200 × 106 cells/ml. Aliquots were packed into
0.5 ml straws placed in a stainless steel support and kept inside
the refrigerator (5°C) for 20 min. Subsequently, these straws
were placed at a height of 6 cm over liquid nitrogen for 20 min
in an isotherm box. No significant differences were observed in
total sperm motility (42.71 vs. 38.29%), progressive sperm
motility (12.29 vs. 7.86%), plasma membrane integrity (53.43 vs.
60.14%) or acrosomal membrane integrity (93.29 vs. 93.71%)
with a P>0.05 calculated between the control and the treatment
groups, respectively. Considering that UHT skimmed milk has a
lower cost than the commercial semen extender, this could be
an option used during the centrifugation protocol to decrease
the expense of the equine semen cryopreservation process
and increase shelf life.

Introduction
Over the years, the wide use of biotechnologies associated
with animal reproduction have provided many benefits to
horse breeders including increasing the number of genetically
superior animals born per year. In equine reproduction, several
technologies have been utilised extensively, such as artificial
insemination, embryo transfer and semen manipulation
(Gomes and Gomes 2009). However, some of them have
not reached their full potential within the demands of the
horse industry – a key technology of interest being semen
cryopreservation (Fagundes et al. 2011).

Currently, semen cryopreservation stands as the best
method to conserve genetic material of great zootechnic
value stallions. Its application has proved advantageous to the

equine production system by allowing storage of genetic
material for an indefinite period, facilitating its marketing,
enabling semen collection throughout the year (even out of
the breeding season), accelerating the genetic improvement
of the equine herd, and assisting in the prevention of sexually
transmitted diseases (Miller 2008).

A number of leading obstacles have been identified in
the use of frozen semen including the lower fertilising potential
of thawed sperm, higher material costs, insemination as close
as possible to the time of ovulation, and particularities
between stallions regarding collection techniques (Miller
2008).

The Mangalarga Marchador breed, spread all over the
country, is the most numerous Brazilian equine breed (Costa
et al. 2004). It is known that there are variations pertaining to
reproductive characteristics among the equine breeds
(Gomes and Gomes 2009). The semen of Mangalarga
Marchador stallions is considered to have low freezability, so it
deserves close attention when it comes to semen
cryopreservation (Gomes and Gomes 2009).

In order to overcome frozen semen usage issues, there
have been advances in techniques used involved in equine
semen cryopreservation, which include modified extenders
(with new cryoprotectant substances), changes in the
technique itself, and new artificial insemination methods.

During the freezing procedure, the semen must be diluted
so that centrifugation can be performed in order to remove
the majority of seminal plasma, which aids in concentrating
the ejaculate prior to adding the freezing extender
(Ashwood-Smith 1987). Factors that influence seminal quality
include centrifugal force and duration of centrifugation
(Pickett et al. 1975), type of extender used for centrifugation
(Martin et al. 1979; Cochran et al. 1984), the percentage of
seminal plasma removed (Jasko et al. 1991), and the extender
used for resuspending the centrifuged sperm pellet.

The replacement of the commercial extender used in
semen centrifugation for other substances may improve results
as well as reduce costs for the equine industry. Among
substances to consider, ultra high temperature (UHT) skimmed
milk is an alternative.

This current study aimed at comparing a commercial
semen extender to UHT skimmed milk during centrifugation for
subsequent cryopreservation of equine semen and evaluation
of post thaw spermatic parameters of Mangalarga
Marchador breed stallions.
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Materials and methods

Semen collection and freezing
The stallions were housed at the region of Brasília, Federal
District, Brazil, in 20 m2 stables, fed elephant grass (Pennisetum
purpureum), a 13% crude protein concentrate ration, and a
mineral supplement formulated for horses.

Semen was collected from individual stallions once per
day for 7 days to stabilise extragonadal reserve and daily
sperm output. Following stabilisation ejaculates were
collected 3 times/week from 7 Mangalarga Marchador breed
stallions between the ages of 4 and 11 years using the
Colorado model artificial vagina1. A total of 21 ejaculates
were obtained per week. Semen samples were collected into
a plastic bottle and filtered immediately after collection to
create a gel-free semen sample. Only ejaculates with >60%
total motility were utilised for cryopreservation (CBRA [Brazilian
College of Animal Reproduction] 2013).

After collection and analysis, the sperm-rich fraction
(gel-free) was divided and diluted with either: control (1:1
dilution in a skimmed milk-glucose extender with penicillin G
procaine2 [Botusêmen]) or treatment (1:1 dilution in UHT
skimmed milk). The milk used in this experiment pertained to
the same commercial lot and of only one commercial brand.

After dilution, samples were subjected to centrifugation at
600 g for 10 min, and sperm pellets were resuspended in a
freezing extender (Botucrio)2 to a concentration of 200 ×
106 cells/ml. Aliquots were packed into 0.5 ml straws placed in
a stainless steel support and kept inside the refrigerator (5°C)
for 20 min. Subsequently, these straws were kept at a height of
6 cm above liquid nitrogen for 20 min in an isotherm box and
plunged into liquid nitrogen and stored in a liquid nitrogen
holding tank.

Post thaw analysis
Two straws from each treatment, from the same stallion, were
thawed in a water bath at 37°C for 30 s following 24 h of
storage in the cryogenic container.

Computerised analysis of sperm movement characteristics
was performed with an Ivos-Ultimate 12 unit3, previously
adjusted for equine semen. Three fields were selected for
analysis. Measured variables included total motility (%),
progressive motility (%), average path velocity (VAP, μm/s),
curvilinear velocity (μm/s), amplitude of lateral head
displacement (μm), beat-cross frequency (Hz), linearity (%),
and straightness (%). System parameters for computerised
assisted semen analysis were: 45 frames acquired at 60
frames/s; minimum contrast, 70; minimum cell size, 4 pixels; VAP
cut-off, 20 μm/s; and VAP cut-off for progressive cells, 50 μm/s
and straightness 60%; straight line velocity cutoff, 0 μm/s. The
slow cells were considered static. A 10 μl drop of each sample
was placed on a preheated (37°C) Makler counting chamber
(10 μm depth).

To evaluate sperm plasma membrane integrity, the
6-carboxyfluorescein diacetate and propidium iodide4

fluorescent dyes were used, in accordance with the
description by Harrison and Vickers (1990).

The acrosomal integrity was evaluated by the usage of a
conjugation of fluoresceine isothiocyanate with peanut
agglutinin lectin and propidium iodide (Klinc and Rath 2007).

The study was approved by the Animal Use Ethics
Committee, Biological Sciences, University of Brasília, Distrito
Federal, Brazil (protocol no. 55209/2013).

Statistical analysis
Review and analysis of data consistency was performed
through the univariate procedure of the Statistical Analysis
System (SAS) in order to determine whether the experimental
errors of the variables had normal distribution and variance
homogeneity.

Variance analyses were performed with the least-squares
method through the SAS’s GLM procedure, and the adjusted
means were obtained through the LSMEANS option of the
same system. The following model was employed:

The Tukey test, obtained through the LSMEANS option of
the SAS’s GLM procedure provided data for comparing the
means between the treatment groups. The reported values
are found expressed as least-squares adjusted mean and s.d.
Results were considered significant at P<0.05.

Results
Sperm parameters post thaw comparing 2 groups are
presented in Tables 1 and 2. Mean values for sperm motion
variables such as total motility (42.71 vs. 38.29%); progressive
motility (12.29 vs. 7.86%), sperm velocity (77.34 vs. 74.81 μm/s)
and straightness (82.29 vs. 81.71%) did not differ (P>0.05),
between the control and treatment groups, respectively.

Regarding the analyses of plasma membrane integrity
(53.43 vs. 60.14%) and acrosomal membrane integrity (93.29 vs.
93.71%; Table 2), no differences were observed (P>0.05)
between the treatment or control groups.

Discussion
Post thaw results obtained by means of evaluations of
spermatic kinetics, plasma membrane integrity and acrosomal

TABLE 1: Percentage results of post thaw analyses of Mangalarga Marchador breed stallion (n = 7), semen centrifuged with UHT skimmed
milk (treatment) and with a commercial extender (control), regarding the computerised assessment: total motility (%), progressive motility
(%), average path velocity (μm/s; VAP), progressive linear velocity (μm/s; VSL), curvilinear velocity (μm/s; VCL), amplitude of lateral head
displacement (μm; ALH), beat cross frequency (Hz; BCF); linearity (%; LIN) and straightness (%; STR)

Treatment
Total

motility
Progressive

motility VAP VSL VCL ALH BCF STR LIN

Control 42.71 ± 17.53 12.29 ± 8.08 43.94 ± 5.00 35.91 ± 4.01 77.34 ± 9.42 3.43 ± 0.53 44.61 ± 1.98 82.29 ± 4.89 47.86 ± 5.05
Treatment 38.29 ± 12.58 7.86 ± 3.93 41.54 ± 4.41 33.74 ± 2.51 74.81 ± 10.01 3.86 ± 0.81 43.56 ± 2.11 81.71 ± 3.68 47.00 ± 5.16

TABLE 2: Percentage results of post thaw analyses of Mangalarga
Marchador breed stallion (n = 7) semen centrifuged with UHT
skimmed milk (treatment) and with a commercial extender
(control), regarding plasma and acrosomal membrane integrity

Treatment

Plasma
membrane (%)

Acrosomal
membrane (%)

intact intact

Control 53.43 ± 10.98 93.29 ± 4.27
Treatment 60.14 ± 8.76 93.71 ± 3.9
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membrane integrity demonstrated that there was no
difference with the usage of UHT skimmed milk for semen
centrifugation compared to the commercial extender. The
alternative semen extender presented in this study stands as a
potential alternative option for the equine industry.

Semen centrifugation is not an innocuous process to the
sperm cell. The first described studies on equine semen
centrifugation report a detrimental effect on sperm motility
(MacLeod and McGee 1950; Buell 1963), being considered a
critical point at inducing lipid peroxidation of the spermatozoa
plasma membrane (Parinaud et al. 1997). Even then, studies
state that partial removal of seminal plasma by centrifugation
assures better semen quality during storage of cooled semen,
and is fundamental to semen cryopreservation; as much for
concentration of the ejaculate as for subsequent addition of
the freezing extender (Ashwood-Smith 1987; Brinsko et al.
2000).

The most commonly used extenders for equine semen
worldwide, just as in Brazil, are derived from Kenney et al.
(1975) extender, with a base of skimmed milk powder, glucose,
penicillin and streptomycin (Samper 2007; Samper et al. 2007).

One possible way to reduce cost of the process of
cryopreservation is to identify an alternative extender media
that is less onerous, easily acquired, conveniently used in the
field and that provides necessary protection to sperm cells
during semen centrifugation.

It is this niche where UHT skimmed milk stands out, offering
substantial advantages: it is a less expensive extender, easily
obtained, remains sterile as long as the package is intact, does
not require any preparation to be used and needs no
refrigeration. Having previously been ultrapasteurised, it
dispenses with lactenin inactivation by heating (Boeta and
Quintero 2000), a low molecular weight protein present in milk,
toxic to sperm, which is inactivated by heat (Flipse et al. 1954;
Johnson et al. 1955).

Pagl et al. (2006) verified that milk-based extenders have a
positive effect on the antioxidant activity in extended semen,
and therefore counteract the potentially negative effects of
centrifugation, which may affect fresh semen. It has been
shown that skimmed milk, when used as an equine semen
extender, is of practical use and effective in protecting the
sperm cells during the preservation period (Batellier et al. 1998;
Vieira et al. 2002).

It is necessary to highlight some points that require
attention regarding the use of UHT skimmed milk: once the
package is opened, the milk contained within must be
refrigerated, and maintained at a temperature between 1°C
and 4°C, preferably in a sterile container so as not to favour
the growth of undesired microorganisms, for a period up to
one week. The source of milk must be reliable and free
from suspicion concerning the quality of the product that it
supplies, since altered physico-chemical characteristics and
microbial load out of the recommended standards could
somehow indirectly harm the semen to be centrifuged, and
consequently impair the mares to be inseminated as much as
the embryos to be generated, hence requiring more profound
work on this subject.

At this time a limited number of studies have reported on
the role of skimmed milk in semen centrifugation for posterior
cryopreservation of equine genetic material. Vidament (2005)
compared the usage of UHT skimmed milk, INRA 82 and INRA
82 added to egg yolk as 3 possible extenders for equine semen
centrifugation with cryopreservation It was observed that

post-thaw motility and VAP (velocity average path) were
similar for the 3 treatments – results were corroborated by the
experiment.

In the present study, UHT skimmed milk was shown to be as
efficient as the commercial extender during centrifugation of
semen of Mangalarga Marchador breed stallions, not differing
from the commercial extender in any of the properties
measured. Probably due to having all the components
necessary to the preservation of spermatozoa, except for
antibiotics, in comparison with the commercial product used
in the control group of the experiment, which is a variation of
the recipe published by Kenney et al. (1975) and is found at an
average price of 7 dollars/100 ml unit. UHT skimmed milk is
generally and easily obtainable item in markets at an average
price of 1.33 dollars/one litre unit. As can be seen, UHT
skimmed milk is a very suitable extender that is marketed in an
amount 10 times higher than the commercial extender, thus
costing approximately 2.5% of that product and representing
an alternative with huge economic benefits.

Conclusions
Utilising solely UHT skimmed milk as a semen extender for
centrifugation during the process of cryopreservation is
sufficient to assure that sperm cells are protected, and
maintain fertility, replacing the commercial semen extender as
well as lowering the costs of the procedure and increasing
shelf life.
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R. J. Naylor
Comparative Neuromuscular Diseases Laboratory, Veterinary Clinical Sciences, The Royal Veterinary College,
London, UK.
Corresponding author email: rnaylor@rvc.ac.uk

Keywords: horse; PSSM; exertional rhabdomyolysis; GYS1

Summary
Polysaccharide storage myopathy (PSSM) was first described
in 1992 in Quarter Horses, Appaloosa and Paint-related breeds
with clinical signs of exertional rhabdomyolysis. The disease is
characterised by the accumulation of excessive glycogen
and diastase-resistant amylopectin polysaccharide inclusions
within skeletal muscle fibres. The discovery of a mutation in the
glycogen synthase 1 (GYS1) gene in some, but not all, horses
with the disease suggested that PSSM represents a group of
diseases with similar pathology but different aetiologies and
that the pathogenesis is more complex than initially thought.
Type 1 PSSM (PSSM1) refers to horses with the GYS1 mutation
and has subsequently been identified in a large number of
breeds found in Europe and North America. Clinical
presentations associated with PSSM1 can vary and increased
muscle enzyme activity at rest or following exercise often
accompanies PSSM1; however, such changes may not be
present in all cases. A diagnosis of PSSM is made on the basis
of histopathology or specifically PSSM1 is diagnosed by
genotyping horses for the GYS1 mutation. Cases usually
respond well to management changes, in particular a diet low
in starch and high in fat when it is accompanied by regular
exercise.

Introduction
Exertional rhabdomyolysis is a syndrome of muscle damage
usually precipitated by exercise. Once considered a single
disease entity, it is now understood to represents a common
clinical presentation of several very distinct disease processes
(Valberg et al. 1999a).

First described by Valberg et al. (1992) in Quarter Horse and
Appaloosa-related breeds with exertional rhabdomyolysis,
polysaccharide storage myopathy (PSSM) has subsequently
been identified in a number of different breeds found in
Europe and the United States (Valentine et al. 2000; McCue
et al. 2006).

Polysaccharide storage myopathy is characterised by the
accumulation of excessive glycogen and diastase-resistant
amylopectin polysaccharide inclusions within skeletal muscle
fibres (Valberg et al. 1992) (Fig 1). Unlike normal glycogen
stored in muscle fibres, these polysaccharide inclusions are
resistant to digestion with diastase and therefore are not
broken down in the normal manner. The discovery of a
mutation in the glycogen synthase 1 (GYS1) gene in some, but
not all, horses with the disease (McCue et al. 2008a) suggested
that PSSM is in fact a group of diseases of different aetiologies
and that the pathogenesis is more complex than initially
thought. As not all horses with PSSM possess the GYS1 mutation
(McCue et al. 2008a), this led to the disease being reclassified
as type 1 PSSM (PSSM1), referring to individuals that possess the

gene mutation and type 2 PSSM (PSSM2) for individuals that
have the characteristic histopathology in their skeletal muscle
but do not possess the mutant allele. Many of the earlier
studies of horses with PSSM performed by Dr Valberg and
coworkers are now understood to have involved horses with
the GYS1 mutation and therefore refer to PSSM1 (S.J. Valberg,
personal communication). It remains possible that the
polysaccharide inclusions in horses with PSSM2 may be a
common endpoint of several different pathological processes.
As more is understood about this subset of horses without the
GYS1 mutation, several abnormalities of glycogen metabolism
may be identified and this group subdivided further, as with
human glycogen storage diseases. This paper reviews our
current understanding of type 1 PSSM (PSSM1; horses with the
GYS1 mutation) for which a definitive test is currently available.

PSSM

a)

b)

c)

Control

Fig 1: Characteristic skeletal muscle histopathology in type 1 PSSM
compared with muscle from a matched control stained with a)
haematoxylin and eosin showing sub-sarcolemmal vacuolation
(arrow) and marked variation in fibre size, b) periodic acid schiff
(PAS) showing increased glycogen accumulation (arrow) and c)
periodic acid schiff following predigestion with diastase revealing
abnormal diastase-resistant polysaccharide (arrow). ×20
magnification.
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Skeletal muscle pathology
Histopathology of muscle from horses with PSSM1 reveals
excessive glycogen alongside abnormal nonlysosomal bound
polyglucosan bodies containing less highly branched
glycogen with protein aggregates (Valentine et al. 2001;
Annandale et al. 2004; McCue et al. 2009a). The presence of
subsarcolemmal vacuoles, predominantly in type 2 muscle
fibres (those with a propensity for glycolytic metabolism) are
also a common finding (Valberg et al. 1992) (Fig 1). No
disruption of the important membrane associated protein
dystrophin has been identified in affected horses (Naylor et al.
2012a). Nonspecific chronic myopathic changes such as
internalised nuclei and variation in muscle fibre size are
consistent with previous muscle damage and regeneration.
Affected horses also have a shift in muscle fibre type from type
2x to type 2a fast twitch fibres (Naylor et al. 2012a). As the
disease affects type 2 muscle fibres, muscles that contain a
high proportion of these fibres such as the semimembranosis or
gluteal muscle are usually selected for biopsy. The severity of
histopathological abnormalities will likely reflect the fibre type
proportion of a particular muscle. It is intriguing that similar
muscle pathology has recently been described in a large
number of marine mammals although, unsurprisingly, the
clinical histories for these species are unknown (Sierra et al.
2012).

How the characteristic polysaccharide inclusions relate to
the clinical signs in patients with PSSM is unclear. There is
evidence to support a metabolic defect leading to a
reduction of energy availability within affected muscle fibres
(Annandale et al. 2005). This may explain the observation of
clinical signs in young foals with the disease in the absence of
extensive change on muscle biopsy (Byrne et al. 2000; De La
Corte et al. 2002). Therefore, the polysaccharide inclusions
may be a coincidental marker of the disease rather than
causative. In addition, it has been proposed that the
physical presence of the polysaccharide inclusions and
subsarcolemmal vacuoles may disrupt the arrangement and
function of the myofibrillar proteins and their attachments, a
theory supported by the correlation between the severity of
histopathology and muscle enzyme activity (Naylor et al.
2012a). It is difficult to reconcile the clinical improvement
observed in response to management changes if physical
interference was solely responsible for the clinical signs
observed, as the polysaccharide inclusions do not change
with such husbandry modifications.

Aetiology of PSSM
In contrast to Thoroughbred horses with recurrent exertional
rhabdomyolysis (RER) no abnormality of muscle contracture
was detected in in vitro studies of muscle from horses with
PSSM, suggesting a different pathogenesis of the 2 diseases
(Lentz et al. 1999). The absence of any derangement in the
ability of affected horses to utilise glycogen or produce
lactate during exercise led to the suggestion that PSSM results
from abnormal glycogen storage rather than a defect
affecting glycogen utilisation (Valberg et al. 1999b). This is also
supported by the finding that the greatest increases in CK
activity were observed in PSSM horses performing submaximal
rather than maximal exercise (Valberg et al. 1999b). Studies
evaluating the role of insulin sensitivity in this abnormal
glycogen storage disease have yielded conflicting results in
different breeds of horses (Annandale et al. 2004; Firshman

et al. 2008). Quarter Horses with PSSM were shown to have
increased insulin sensitivity relative to control horses (De La
Corte et al. 1999a; Annandale et al. 2004), whilst no difference
was found between Belgian draught horses and controls
(Firshman et al. 2008). These differences may reflect inherent
breed differences in other genes regulating insulin sensitivity or
differences in muscle fibre type proportions (Firshman et al.
2008) suggesting that mechanisms other than heightened
insulin sensitivity may be resulting in the accumulation of
abnormal polysaccharide within skeletal muscle of some
horses with PSSM1.

There are 11 skeletal muscle glycogenoses recognised in
man, many of which produce histopathological features
similar to PSSM. These diseases are associated with autosomal
recessive defects in specific enzymes of glycogen metabolism,
lysosomal abnormalities or defects of AMP-dependent protein
kinase (DiMauro and Lamperti 2001). The clinical phenotypes
observed in some of these diseases are similar to those seen in
horses with PSSM1. Initial work into PSSM in the horse logically
focused on evaluating the activity of these key enzymes in
affected horses; however, no abnormalities were identified
(Valberg et al. 1998). Similarly, no difference in the content of
the major insulin sensitive glucose transporter GLUT4 in muscle
from affected horses was found (Annandale et al. 2004),
although more recently many more GLUT receptors have
been identified in the skeletal muscle of horses, such as GLUT8
and GLUT12 (Lacombe 2014) and their role in PSSM is yet to be
evaluated.

Enhanced glycogen synthesis was suggested when horses
with PSSM were shown to resynthesise glycogen more rapidly
following exercise depletion than normal horses (De La Corte
et al. 1999b). As normal glycogen synthesis is under the control
of 2 enzymes (glycogen synthase and glycogen branching
enzyme) an alteration in the activity of one of these enzymes
would likely affect the relative branching of the glycogen
molecule formed leading to an altered 3-dimensional
structure (Annandale et al. 2004) that may impart a resistance
to digestion with diastase.

Type 1 PSSM
In 2008, an autosomal dominant, gain of function, mis-sense
mutation (R309H) in the glycogen synthase 1 gene (GYS1) was
identified in association with many but not all cases of PSSM
(McCue et al. 2008a). Glycogen synthase is an enzyme
responsible for the production of glycogen, by joining glucose
monomers via alpha 1,4 linkages, under the influence of insulin
and glucose-6 phosphate. This point mutation leads to a single
amino acid substitution, from arginine to histidine that results in
increased glycogen synthase activity (McCue et al. 2008a).

To date, the GYS1 mutation has been identified in a large
number of breeds across Europe and North America (McCue
et al. 2008b, 2009a, 2010; Herszberg et al. 2009; Stanley et al.
2009b; Baird et al. 2010; Johlig et al. 2011; Schwarz et al. 2011)
(Table 1). A particularly high prevalence has been identified in
Quarter Horses, Percheron and Belgian draught horses
(McCue et al. 2008b), whilst to the authors’ knowledge it
remains to be identified in a purebred Thoroughbred horse.
Given that genotyping affected horses has only been
commercially available for the last 5 years, it is highly likely that
as more cases are genotyped we can expect to find the
mutation in a greater range of breeds. The particularly high
prevalence in hardy draught breeds led some authors to
suggest that the disease phenotype may have imparted an
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evolutionary advantage in these breeds, which is partly
supported by a recent hereditary study (McCoy et al. 2014).

Clinical presentation
Whilst there is a distinct correlation between the GYS1
genotype and severity of histopathology (Naylor et al. 2012a),
there remains considerable variation between the clinical
signs associated with PSSM1, from exertional rhabdomyolysis to
vague signs of poor performance, suggesting that other
genetic and environmental factors may act to modify the
disease phenotype (Valberg et al. 2011). McCue and
coworkers have shown that the ryanodine receptor (RYR1)
mutation associated with malignant hyperthermia leads to a
more severe phenotype in Quarter Horses with PSSM1 (McCue
et al. 2009b), whilst environmental factors such as diet and
exercise are known to attenuate clinical signs (Firshman et al.
2003; Ribeiro et al. 2004; Borgia et al. 2010). It is plausible that
many of the previously suggested acquired causes of
rhabdomyolysis, such as hormonal imbalances or antioxidant
deficiencies, may exert an effect by modifying the phenotype
of an already genetically susceptible individual.

Whilst many horses with PSSM1 are asymptomatic (Johlig
et al. 2011; Naylor et al. 2012a), exertional rhabdomyolysis is
the most commonly and perhaps easily recognised clinical
syndrome. Exertional rhabdomyolysis was reported in over 90%
of affected cases in one study of horses where biopsies were
obtained to investigate poor performance (McCue et al.
2009a). In one family of Warmblood horses, 59% of those
with the GYS1 mutation also had a history of exertional
rhabdomyolysis (Johlig et al. 2011) and those with the
mutation were 7.1 times more likely to show signs of exertional
rhabdomyolysis than those without. However, more subtle
clinical signs may easily be overlooked and these include

poor performance, muscle fasciculations, muscle atrophy,
gait abnormalities, generalised or pelvic limb stiffness,
undiagnosed lameness, paresis or back pain (Quiroz-Rothe
et al. 2002; McCue et al. 2009a). Interestingly, PSSM-affected
horses are often described as having a calm demeanor
(Valberg et al. 2011).

Shivers
Early reports suggested a possible link between PSSM and the
incidence of shivers, a neuromuscular condition characterised
by a reluctance to lift the pelvic limbs and to back-up, often
associated with fasciculations of the musculature of the pelvic
limb and tail (Firshman et al. 2005). This was supported by the
high prevalence of weakness in horses with PSSM and a report
of 2 Belgian horses with weakness and shivers that were
diagnosed with severe PSSM on histopathology of skeletal
muscle at post mortem examination (Valentine et al. 1999).
However, no association between the 2 conditions was
identified in 2 larger studies of 103 Belgian draught horses
(Firshman et al. 2005) or 132 Warmblood horses (Hunt et al.
2008). It appears that both PSSM and shivers are
neuromuscular disorders that commonly occur in similar
breeds of horses, occasionally concurrently and that there is
no causative relationship.

Cardiac disturbances
Human glycogenoses are often associated with specific
cardiac phenotypes that contribute to exercise intolerance. In
particular, enhanced atrioventricular conduction leading to
arrhythmogenesis and cardiac failure are seen (Arad et al.
2005; Soliman et al. 2008). Given that polysaccharide
inclusions have been reported in the myocardium of affected
horses at post mortem examination (Valentine et al. 1997,
2001; Larcher et al. 2008) and that sudden death has been
described in horses with PSSM, further investigation of the
cardiac phenotype of horses with PSSM1 was performed
(Naylor et al. 2012b). No significant structural changes or
arrhythmias were detected in affected horses when
compared with matched controls (Naylor et al. 2012b).

Diagnosis
Resting muscle enzyme activity may be used to screen for
subclinical muscle damage in possible PSSM1 cases; however,
increases in basal creatine kinase (CK) and aspartate
transferase (AST) activity may not be observed in affected
horses, particularly in those that are heterozygous for the GYS1
mutation (Naylor et al. 2012a). Measuring skeletal muscle
enzyme activity following 20 min of submaximal exercise (e.g.
trot and canter work) may increase the sensitivity of this
assessment, particularly for horses with signs of exercise
intolerance (Valberg et al. 1999b). A significant difference was
observed between horses with PSSM1 and controls in CK
activity at 4 h post exercise but not AST activity 4 or 24 h post
exercise in one study of Belgian draught horses (Naylor et al.
2012a), whereas significantly higher post exercise AST activities
were observed in horses with PSSM1 relative to controls in an
earlier study of Haflinger horses (Schwarz et al. 2011). These
studies suggest that there may be breed differences in muscle
enzyme responses to exercise in horses with PSSM1 or may
simply reflect small sample sizes. Furthermore, the changes in
muscle enzyme activity following exercise may be relatively
small (increases of less than 50% above resting levels)

TABLE 1: Breeds in which the GYS1 mutation has been identified to
date

Breed
Quarter Horse
Paint
Appaloosa
Warmblood
Haflinger
Morgan
Mustang
Rocky Mountain horse
Belgian draught
Percheron
Shire
Suffolk Punch
Hanoverian
Rhinelander
Cob Normand
Connemara x Welsh pony
Connemara x Thoroughbred
Cob
Argentinian polo pony
Polo pony
South German Coldblood
Saxon-Thuringian Coldblood
Exmoor pony
Continental European draught breeds e.g. Ardenner, Belgian

trekpaard
Crossbreds
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compared with those typically seen in other diseases such as
RER and importantly there is considerable overlap between
the response of unaffected control horses and those
heterozygous for the GYS1 mutation. Therefore, raised muscle
enzyme activity should increase the index of suspicion of a
myopathy and prompt further investigations such as muscle
biopsy or GYS1 genotyping. However, PSSM cannot be
excluded in the absence of large changes of muscle enzyme
activity following exercise.

A diagnosis of PSSM has traditionally been made on
histopathology of muscle biopsy samples; however, this
technique is unable to clearly differentiate between PSSM1
and PSSM2. The identification of the GYS1 mutation has
allowed the development of a restriction fragment length
polymorphism (RFLP) assay to diagnose type 1 PSSM (McCue
et al. 2008a). This is performed on DNA extracted from EDTA
whole blood samples or hair roots (approximately 30 required
which are easily collected from the mane or tail). This assay is
a less invasive method for testing for PSSM1 than the traditional
muscle biopsy and is particularly useful in breeds known to
have a high prevalence of the GYS1 mutation. The blood test
may also be useful in younger individuals where changes on
histopathology are fewer, as it is known that the severity of the
polysaccharide accumulations increases as an animal ages
(De La Corte et al. 2002). Furthermore, genotyping affected
animals may provide useful prognostic information for making
decisions with regards to training and breeding as it has been
shown that the severity of the skeletal muscle pathology
correlates with the number of copies of the mutant allele with
homozygotes having more severe histopathology than those
heterozygous for the GYS1 mutation (Naylor et al. 2012a).

It is often useful to consider the breed of the animal when
deciding which diagnostic test(s) to perform. In breeds with a
particularly high prevalence of PSSM1, such as draught and
Quarter Horse-related breeds, it may be preferable to
genotype the horse for the GYS1 mutation initially. A
particularly high prevalence is found in continental European
breeds such as the Percheron, whilst the prevalence in UK
derived breeds such as the Clydesdale or Shire is much lower
(McCue et al. 2010). Conversely, in breeds with a lower
prevalence of the GYS1 mutation, such as Cobs and Welsh
ponies or indeed those where the mutation has yet to be
described such as Thoroughbred horses that would more likely
have PSSM2 or another myopathy, a skeletal muscle biopsy
remains the most appropriate diagnostic test currently
available. Skeletal muscle biopsy samples should be harvested
from the gluteal or semi-membranosis muscles and are easily
obtained from the standing sedated animal (Ledwith and
McGowan 2004). Biopsy samples are best preserved when
placed in an empty sterile pot and transported immediately
on ice packs to the laboratory (Stanley et al. 2009a). It is
recommended to liaise with the diagnostic laboratory prior to
collecting the biopsy and avoid posting samples at the end of
the week to avoid unnecessary delays in transport.

Treatment of PSSM
The aim of managing horses with PSSM is to limit the constant
synthesis of glycogen within skeletal muscle by reducing
circulating insulin and promoting glycogen metabolism
through regular exercise. In addition, an alternative energy
source such as fat can be provided as long as the horse is not
overweight. These recommendations are based on research
performed in horses with PSSM1. To date, there are no

controlled studies in horses with PSSM2 although it is assumed
that similar recommendations apply. Regular daily exercise in
addition to pasture turnout is advised, in conjunction with a
diet low in starch and sugar (<10% digestible energy [DE] as
nonstructural carbohydrates [NSC]) and relatively high in fat
(13–20% DE) (Ribeiro et al. 2004; Borgia et al. 2010). Horses
should continue to receive 1–2% of their body weight as
forage, ideally with a low (<12%) NSC content (Borgia et al.
2011) and in some cases, depending on workload and energy
requirements, further caloric supplementation may not be
required. Grazing may need to be restricted at certain times of
the year when the NSC content of grass is particularly high.
There are specifically formulated commercial diets available
(Dodson and Horrell ERS Pellets1 or Saracen ReLeve2), although
adequate fat will only be provided if fed in quantities
recommended by the manufacturers. Alternatively, a low
starch diet may be supplemented with vegetable oil, up to a
maximum of 1 ml/kg bwt to provide sufficient calories. In some
cases, diets with a slightly lower fat content may be more
palatable yet still be sufficient to control the condition. A high
lipid diet increases the requirement for antioxidants and
therefore a feed balancer containing vitamin E may be
beneficial.

The prognosis is favourable in cases where dietary and
exercise recommendations are followed and these horses are
significantly more likely to have an improvement in the severity
and frequency of clinical signs relative to those cases where
only one (exercise of dietary) recommendation is followed
(Firshman et al. 2003). A clinical improvement may be
observed within 6 weeks, although complete adaptation to
these diets likely takes several months (Ribeiro et al. 2004).

Type 2 PSSM
Horses with PSSM2 are not easily distinguishable from those with
PSSM1 on the basis of clinical signs and histopathology,
although subtle differences in the morphological appearance
of polysaccharide inclusions have been suggested (McCue
et al. 2009a). Fine granular, often diastase negative, inclusions
are frequently located close to the sarcolemma in PSSM2 as
opposed to the coarse granular diastase positive granules
frequently observed in PSSM1 (McCue et al. 2008a, 2009a).
Type 2 PSSM may be a result of one sole enzymatic defect or
perhaps more likely may reflect a group of glycogen storage
diseases, with a similar histopathological endpoint. Further
work is needed to further elucidate the pathophysiological
process(es) involved in these horses.

Conclusion
Polysaccharide storage myopathy is a disease seen in a
variety of breeds throughout the UK and Europe as well as
North America. The particularly high prevalence of PSSM1 in
some draught breeds likely reflects a prior evolutionary
advantage. The recent identification of the GYS1 mutation
could allow for eradication of the disease from these breeds
by the implementation of coordinated breeding programmes.
However, this remains controversial in those breeds with a low
incidence of clinical signs. The clinical presentation can vary
as can muscle enzyme activity in affected horses, therefore
muscle biopsy and genotyping for the GYS1 mutation is
required to establish a definitive diagnosis. Whilst no specific
treatment is currently available affected horses usually
respond well to management changes, in particular a low
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starch high fat diet in conjunction with regular exercise. With
appropriate management the prognosis is favourable.
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Summary
The following article discusses the pathophysiology, clinical
signs, diagnosis, medical treatment and surgical
management of glaucoma in the horse.

Pathophysiology

Glaucoma is a devastating disease associated with
irreversible degeneration of the optic nerve, which often
leads to blindness in equine cases. Although the precise
mechanisms contributing to the initiation and progression of
most cases of glaucoma are unknown, the main risk factor is
increased intraocular pressure (IOP) (Rhee et al. 2009). There
is evidence that IOP is elevated due to an abnormal increase
in resistance to aqueous outflow within the trabecular
meshwork (TM) (Rhee et al. 2009). Recently, it has been
demonstrated that the TM is stiffer in human patients with
glaucoma and this change is likely to influence the outflow
facility of aqueous humour (AH) (Last et al. 2011). Aqueous
humour leaves the eye through one of two pathways at the
iridocorneal angle (ICA): through the conventional pathway
via the TM, and through the unconventional pathway via the
ciliary body (CB) musculature (Fig 1). In horses, the angular
aqueous plexus and intrascleral plexus are the sites of
greatest resistance to AH outflow via the conventional
pathway (Utter and Brooks 2010). Horses have an extensive
unconventional outflow pathway for AH drainage, which
contrasts with most species that primarily rely on conventional
outflow (Smith et al. 1986).

Glaucoma can be differentiated into two different types
based on pathophysiology. First, primary glaucoma occurs as
a result of inherent defects within the ICA but is rarely
observed in horses (Pickett and Ryan 1993; Cullen and Grahn
2000). Malformation of the TM and ICA during development
results in congenital glaucoma, a rare but devastating type
of primary glaucoma observed in newborn foals (Gelatt 1973;
Barnett et al. 1988; Wilcock et al. 1991; Halenda et al. 1997).
Second, and most commonly in horses, secondary glaucoma
occurs as a result of uveitis. Uveitis has a number of causes in
horses including a clinical syndrome named equine recurrent
uveitis (ERU), but it can also be associated with trauma,
intraocular neoplasia or lens luxation (Gelatt 1973; Wilkie
et al. 2001; McCluskie et al. 2009). A diagnosis of secondary
glaucoma concurrent with ERU is common and has been
reported in 85–91% of cases of glaucoma (Cullen and Grahn
2000; Curto et al. 2014).

Uveitis can obstruct flow of AH from its production by the
CB through the pupil into the anterior chamber and then out
the ICA by several different mechanisms and thus cause
secondary glaucoma. These mechanisms include anterior or

posterior synechiae, preiridal fibrovascular membranes, and
cellular debris within the outflow pathway deposited as a
result of haemorrhage or vascular leakage. A recent
retrospective histopathological evaluation of equine
glaucoma demonstrated concurrent peripheral anterior
synechiae (4% of cases), haemorrhage (4%), proteinaceous
debris (30%) or inflammatory infiltrate (65%) in the TM, and
cellular or fibrocellular preiridal membranes (61%) (Curto et al.
2014).

Clinical signs

Relatively specific signs of glaucoma include globe
enlargement (hydrophthalmos or buphthalmos), linear
ruptures of Descemet’s membrane (Haab’s striae) and
mydriasis in the absence of treatment with a
parasympatholytic such as atropine or tropicamide (Fig 2).
Buphthalmos is a term commonly used to refer to an
enlarged globe, but its name is derived from the Greek words
‘bous’ for ‘cow’ and ‘ophthalmic’ for ‘eye’. Thus,
buphthalmos denotes a cow-like globe, which is smaller than
that of horses although larger than many other species
including man, dogs and cats. Therefore, the term
‘hydrophthalmos’, meaning globe distention, may be
technically more correct in horses and will be used
throughout this article. Nonspecific signs of glaucoma that
can overlap with signs of uveitis include blepharospasm,
ocular discharge, conjunctival hyperaemia, and corneal
oedema. Clinical signs associated with glaucoma that would
be observed with a fundic examination include optic
nerve head cupping and/or atrophy (Fig 3), tapetal
hyperreflectivity, multifocal depigmentation and
hyperpigmentation, and retinal vascular attenuation. Since
vision loss with concurrent absent or abnormal dazzle reflex
and absent or abnormal direct and indirect pupillary light
reflexes (PLRs) are commonly seen in equine cases with
chronic glaucoma, a neuro-ophthalmic examination should
be performed to evaluate these reflexes in all glaucoma
suspects. This is especially important in horses that may exhibit
subtle signs of glaucoma whereby mydriasis with a
decreased PLR may be the only sign present and often
precedes more chronic signs such as blindness or
hydrophthalmos.

Diagnosis

Diagnosing equine glaucoma is challenging as horses may
present without the obvious clinical signs typically seen in
other species such as blepharospasm, corneal oedema or
vision loss, even with marked IOP elevations. Thus, it is critical
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for clinicians to consider the patient’s case details, history,
clinical signs and ophthalmic examination findings as a
complete picture, which may result in a high index of
suspicion for the disease, rather than focusing primarily on
clinical signs or examination findings. We present guidelines
for performing a complete ophthalmic examination and
commonly utilised diagnostics in equine glaucoma suspects
(Fig 4).

In considering case details, several studies have
documented that Appaloosas are at increased risk of
glaucoma development but it is difficult to discern whether
this risk is independent from their propensity for ERU (Dwyer
et al. 1995; Miller et al. 1995). Age is an important risk factor
for glaucoma in horses with a recent study documenting that

Aqueous humour production
  CAIs
  β-Blockers
  α2-AR agonists

Conventional outflow
  Parasympathomimetic agonists
  Latrunculin B
  ROCK inhibitors

Non-conventional outflow
  Prostaglandin analogues
  α2-AR agonists

Corn
ea

Sclera

Anterior chamber

Iris

Lens

Vitreous

Ciliary
body

Sclera 
venous 
plexus

Angular 
aqueous 
plexus

Fig 1: Drainage of aqueous humour (AH) via the conventional and nonconventional outflow pathways in the equine iridocorneal
angle. Aqueous humour is produced by the nonpigmented epithelium of the ciliary body; it passes from the posterior chamber, through
the pupil and into the anterior chamber. Aqueous humour then flows through the pectinate ligament to enter the trabecular meshwork.
In the conventional outflow pathway, Aqueous humour may enter the angular aqueous plexus to drain anteriorly to the episcleral and
conjunctival veins or posteriorly into the scleral venous plexus and vortex veins. In the nonconventional (uveoscleral) outflow pathway,
AH passes through the interstitial spaces of the ciliary muscle to the suprachoroidal space and diffuse out the sclera. The primary target
for common medications used to treat glaucoma in horses and human patients is also shown. AR = adrenergic receptor;
CAI = Carbonic anhydrase inhibitor; ROCK = Rho-associated coiled coil-forming protein kinase.

a)

b)

Fig 2: Haab’s striae, focal corneal oedema, superficial corneal
vascularisation and mydriasis in the left eye of a 13-year-old
Appaloosa gelding with glaucoma secondary to equine recurrent
uveitis (a). Marked diffuse corneal oedema and superficial
corneal vascularisation in the left eye of an 8-year-old
Hanoverian mare with glaucoma secondary to anterior uveitis
(b).

Fig 3: Optic nerve head degeneration with retinal vascular
attenuation in a 20-year-old Quarter Horse gelding.
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65% of equine glaucoma cases were older than 15 years
(Curto et al. 2014). Although females are overrepresented in
human and canine cases with glaucoma, there does not
appear to be a sex predisposition in equine glaucoma (Tsai
et al. 2012; Pasquale et al. 2013). The most important risk
factor for glaucoma in horses is concurrent active or chronic
uveitis (Cullen and Grahn 2000; Wilkie and Gilger 2004;
Annear et al. 2010; Curto et al. 2014). Common clinical signs
of glaucoma can overlap with clinical signs of uveitis, and
include blepharospasm, ocular discharge, conjunctival
hyperaemia and corneal oedema. However, four clinical
signs of glaucoma are unique and include hydrophthalmos,
linear ruptures of Descemet’s membrane (Haab’s striae),

mydriasis and optic nerve head cupping. If unilateral or
bilateral hydrophthalmos is suspected, then horizontal corneal
diameter can be measured with calipers and compared to
the unaffected eye or published normal values (29.7–
34.0 mm), respectively (Clode 2010).

Tonometry, the measurement of IOP, is a critical test in
confirming glaucoma. Both applanation and rebound
tonometry have been validated in the horse, with normal
values ranging from 15 to 30 mmHg, although reference
ranges can vary depending on the study, breed of horse and
instrument evaluated (Miller et al. 1990; Smith et al. 1990; van
der Woerdt et al. 1995; Ramsey et al. 1999; Plummer et al.
2003; Knollinger et al. 2005). It is recommended that

Initial examination in ambient light to assess:
Facial & globe symmetry

Vision
Ocular discoloration/discharge

Retroillumination in darkened room to assess:
Pupil symmetry (isocoria)

& test pupillary light reflexes (PLRs)

Perform tonometry  
Sedate patient

Auriculopalpebral nerve blocks

Cooperative patients Uncooperative patients

Sedate patient
Auriculopalpebral nerve blocks

Perform tonometry  

Apply tropicamide 

Normal/low IOP
High IOP

Darkened room to assess:
Anterior segment (including 

iridocorneal angle)
Posterior segment

Photography
Additional diagnostics including 

fluorescein stain application

Fig 4: Suggested order for a thorough ophthalmic examination in equine cases with suspected glaucoma. IOP = intraocular pressure.
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tonometry be regularly performed in horses with clinical signs
consistent with or at risk for glaucoma such as horses with
uveitis, intraocular neoplasia, and/or lens instability. It is
important to measure IOPs in both eyes of equine cases,
especially when unilateral glaucoma is suspected, as values
obtained from the unaffected eye can be used for
comparison.

Important factors influencing IOP measurements include
head position, sedation, diurnal variation, or excessive
manipulation of the globe while performing tonometry. Head
position can dramatically influence IOP with a mean
difference of 8 mmHg when the head was positioned below
versus above the heart (Komaromy et al. 2006). Bertolucci
et al. (2009) demonstrated that IOP was greater during the
light versus dark phase, although these variations were small
and unlikely to have clinical significance. Detomidine and
xylazine have both been documented to decrease IOP by
approximately 20% and 25%, respectively (Trim et al. 1985;
van der Woerdt et al. 1995; Holve 2012). Thus, it may be
challenging to interpret tonometry measurements in cases
that require sedation for ophthalmic examination. Excessive
pressure on the globe associated with opening the eyelids
may result in a false elevation, indicating that it is useful to
perform an auriculopalpebral nerve block prior to measuring
IOP (van der Woerdt et al. 1995). The potential alterations in
IOP associated with each of these factors may not be
clinically important when evaluating an individual patient but
emphasises the requirement for consistency in evaluation
technique.

Evaluation of the ICA in horses, both temporally and
nasally, is possible without the use of special gonioscopy
lenses, using only magnification. The attachment of the
pectinate ligament to Descemet’s membrane appears
grossly as a grey curved line between the clear cornea,
through which the iris can be seen, and the sclera, which is
covered by pigmented (brown) or nonpigmented (pink)
conjunctiva, depending on the individual horse (Fig 5). With
magnification, spaces in this curved line can be identified
between thin bands that span the ICA could be described to
form a comb-like structure, the pectinate ligament. The ICA
can be examined for width, character of the pectinate
ligament, and the presence of peripheral anterior synechiae,
neoplasia or trauma. Horses with a narrow or closed ICA may
be at increased risk for the development of glaucoma,
although this topic requires further study.

Medical management

The primary goal of glaucoma management is to lower IOP
by one of two mechanisms: decreasing AH formation or
increasing AH outflow. IOP-lowering medications can be
either topically applied or systemically administered. It is
important to note that, while several drug classes have been
investigated for safety and efficacy at lowering IOP in normal
horses, no studies of the efficacy of IOP-lowering drugs have
been performed in horses with glaucoma.

Beta-blockers and carbonic anhydrase inhibitors (CAI) are
the most commonly used drug classes for topical medical
management of equine glaucoma, and both work by
decreasing AH production (Table 1). Beta-blockers decrease
AH formation by inhibiting production of cyclic adenosine
monophosphate (cAMP). Timolol maleate is the b-blocker
most commonly used to treat equine glaucoma. Timolol

maleate (0.5%) given on a twice-daily dosing schedule
lowered IOP by 27% in normal horses, and although a
decrease in pupil size was noted no other adverse effects
were observed (Van Der Woerdt et al. 2000). Timolol maleate
0.5% gel-forming solution (timolol GS) has been formulated to
induce gel formation on contact with the tear film and thus
enhance anterior segment bioavailability. In a clinical trial of
human patients with primary open-angle glaucoma or ocular
hypertension, timolol 0.5% GS administered once daily was as
effective at decreasing IOP as timolol 0.5% solution
administered twice daily (Shedden et al. 2001). Timolol GS has
been evaluated in normal dogs and was effective at
decreasing IOP without significantly altering blood pressure or
pupil size (Takiyama et al. 2006). While timolol GS has not been
evaluated in horses, it probably has equivalent or improved
efficacy to timolol 0.5%; investigations of its safety and efficacy
in normal and glaucomatous horses are warranted.

a)

b)

Fig 5: Iridocorneal angle of a normal horse with a pigmented iris
(a) or heterochromia iridis (b). Conjunctiva (C), iris (I), limbus (L),
pectinate ligament (Pl), attachment of pectinate ligament to
corneal endothelium (Ce), pupil (P), and trabecular meshwork
(Tm).
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Carbonic anhydrase inhibitors decrease AH formation by
inhibiting carbonic anhydrase in the CB epithelium. The two
commercially available topical CAIs are dorzolamide (2%)
and brinzolamide (1%). Twice-daily topical administration of
dorzolamide, alone or in combination with 0.5% timolol,
reduced IOP by 10% in normal horses (Willis et al. 2001a).
Brinzolamide decreased IOP by 21% in normal horses and
may thus be more potent in comparison to dorzolamide
(Germann et al. 2008). Acetazolamide is a systemic CAI that
has been used to treat hyperkalaemic periodic paralysis
(HYPP) in horses but its efficacy in treating glaucoma in
horses, or even its effect on IOP in normal horses, has not
been evaluated (Beech and Lindborg 1995). An evaluation
of the intravenous and oral pharmacokinetics of
acetazolamide in horses suggests that lower plasma
concentrations of acetazolamide may be needed in horses
than in human patients to achieve therapeutic effects based
on doses used to treat HYPP in both species (Alberts et al.
2000). Based on studies evaluating the efficacy of
acetazolamide at decreasing IOP in human glaucoma
(Friedland et al. 1977; Ellis et al. 1982), the dose of 2.2–
4.4 mg/kg bwt administered orally twice daily to treat HYPP in
horses may be effective at lowering IOP in horses with
glaucoma (Beech and Lindborg 1995). Other commercially
available systemic CAIs include methazolamide and
dichlorphenamide but less is known about their disposition
and tolerance in horses. Systemic CAI administration may
result in potassium loss so concurrent electrolyte monitoring
and, if necessary, supplementation, is recommended.

Unlike b-blockers and CAIs, which decrease IOP by
decreasing aqueous production, prostaglandin analogues
decrease IOP by increasing outflow. Topical prostaglandin
analogues (e.g. latanoprost 0.005%) increase
nonconventional outflow by inducing ciliary muscle relaxation
and modulating extracellular matrix (ECM) production and
turnover (Wilcock et al. 1991). Theoretically, prostaglandin
analogues should have a large effect on IOP in equine eyes
that heavily depend on the nonconventional outflow
pathway (Smith et al. 1986). While latanoprost administered
once daily to normal mares and geldings decreased IOP by
17% and 5%, respectively, considerable side effects including
blepharospasm, epiphora and conjunctival hyperaemia were
observed (Willis et al. 2001b). Two other prostaglandin
analogues (travoprost 0.004% and bimatoprost 0.03%) are
commercially available for use in human patients, but their
efficacy and ocular tolerance have not been evaluated in
horses. Given that latanoprost was not particularly efficacious
at lowering IOP in normal horses and prostaglandin analogues
have the potential to exacerbate uveitis, a common
underlying cause for equine glaucoma, administration of
these agents to horses cannot be recommended.

Parasympathomimetic agents increase AH outflow by
constricting the ciliary muscle to directly open the TM.
However, inhibition of nonconventional outflow is also
observed. Twice daily administration of pilocarpine (2%), a
direct-acting parasympathomimetic agent, to horses caused
miosis, ocular irritation and significantly increased IOP at some
timepoints (van der Woerdt et al. 1998). This difference in IOP
effect may be due to poorly developed CB musculature
observed in horses in comparison to primates and small
animals (Samuelson et al. 1989). Indirect-acting
parasympathomimetic agents (e.g. demecarium bromide)
have not been evaluated in horses, but it is expected that
their effects would be similar to 2% pilocarpine. Like
prostaglandin analogues, use of parasympathomimetic
agents to treat glaucoma in horses is not recommended
because of their variable IOP effects and potential to
exacerbate uveitis.

Contraindicated in canine cases with glaucoma, the use
of topical atropine (1%) is controversial in glaucomatous
horses. Atropine 1% is a mainstay of ERU management in
horses to induce cycloplegia, reduce the risk of posterior
synechiae via mydriasis, and to stabilise the blood-aqueous
barrier. However, the effect of atropine on IOP in horses is
unclear. Short-term use of once daily atropine induced
mydriasis but did not significantly alter IOP in normal horses in
one study (Mughannam et al. 1999). However, in a second
study, twice daily administration of atropine resulted in an
11% decrease in IOP in 10 normal horses (Herring et al. 2000).
Notably, one horse in that study developed a marked
increase in IOP (6–15 mmHg in comparison to the untreated
eye) following atropine administration and was excluded
from analysis (Herring et al. 2000). Given that it would be
difficult to predict which equine glaucomatous cases would
respond with an increased IOP following atropine
administration, it should be used judiciously with frequent
monitoring by tonometry or excluded from the treatment
regimen.

Adrenergic receptor (AR) agonists decrease IOP by
multiple mechanisms including reduction in intracellular cAMP
with a concomitant decrease in AH production and
increased uveoscleral outflow via modulation of ECM
production (Arthur and Cantor 2011). Given that
accumulation of ECM within the TM has been implicated in
human and canine glaucoma (Rohen and Witmer 1972;
Kuchtey et al. 2011), it is plausible that this may also be
important in increasing outflow resistance in horses. The most
widely used AR agonist in physician-based ophthalmology is
brimonidine, a selective a2-AR agent (Arthur and Cantor
2011). Brimonidine 0.2% has multiple uses in human glaucoma
patients including monotherapy with resultant 20–30%
decreases in IOP, to prevent ocular hypertension following

TABLE 1: Commonly used topical medications for the management of glaucoma in horses. Note that all commonly utilised
antiglaucoma drugs inhibit aqueous humour production

Medication Brand name Type Mechanism of action Dose

Timolol maleate 0.5% Timoptol, Tiopex b-blocker ↓ AH production 0.2 ml b.i.d.
Dorzolamide 2% Trusopt CAI ↓ AH production 0.2 ml b.i.d.
Brinzolamide 1% Azopt CAI ↓ AH production 0.2 ml b.i.d.
Timolol 0.5%-Dorzolamide 2% Cosopt b-blocker-CAI ↓ AH production 0.2 ml b.i.d.

CAI = carbonic anhydrase inhibitor.
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laser trabeculoplasty or phacoemulsification, and as an
adjunct to other antiglaucoma medications (Arthur and
Cantor 2011). A fixed combination of brimonidine 0.2% and
timolol 0.5% has been recently approved by the United States
Food and Drug Administration for use in human patients with
glaucoma (Lee and McCluskey 2008). A recent clinical trial
of low-pressure human glaucoma patients demonstrated that
brimonidine 0.2% prevented visual field loss in comparison to
timolol 0.5% despite both agents decreasing IOP to a similar
extent (Krupin et al. 2011). These results suggest that
brimonidine 0.2% may have a neuroprotective effect in
glaucoma in addition to decreasing IOP (Pfeiffer et al. 2013).
While brimonidine’s safety profile is excellent in rabbits,
primates and man (Arthur and Cantor 2011), it significantly
reduced heart rate and pupil size in Beagles with primary
open angle glaucoma with only a small, variable decrease in
IOP (Gelatt and MacKay 2002). In normal cats, topical
brimonidine decreased pupil size and IOP and intra-arterial
administration of brimonidine resulted in systemic hypotension
(Burke and Potter 1986). While brimonidine is a rarely used
adjunctive agent for glaucomatous dogs and cats, it has the
potential to be an effective ocular hypotensive agent in
horses given that this drug does not induce inflammation,
and systemic a2-AR agonists are well tolerated and effective
at reducing IOP (Trim et al. 1985; van der Woerdt et al. 1995;
Holve 2012). Investigations of brimonidine alone and in
combination with timolol are warranted in both normal and
glaucomatous horses to determine their safety and efficacy.

New antiglaucoma agents that are currently in clinical
trials include the actin cytoskeleton disruptor, latrunculin B,
and several Rho-associated coiled coil-forming protein kinase
inhibitors (Chen et al. 2011). In contrast to all commonly used
antiglaucoma medications, these agents directly target the
TM to reduce resistance to outflow with a resultant decrease
in IOP (Chen et al. 2011). Other novel therapeutic agents
that are in phase I or II clinical trials include adenosine
receptor agonists, a serotonin receptor antagonist, and a
cannabinoid receptor agonist (Chen et al. 2011).
Investigations of these types of agents may also be
warranted in horses.

Surgical treatment

Surgical treatment of glaucoma in horses lowers IOP by the
same two mechanisms by which medical therapy lowers IOP:
decreasing AH production or increasing AH outflow. There
are surgical therapies typically reserved for treatment of
visual cases that work by each mechanism: laser
cycloablation to decrease AH production, and gonioimplant
placement to increase AH outflow.

Transscleral laser cycloablation (TSCP) has been widely
utilised in glaucomatous equine cases to decrease IOP by
selective destruction of CB epithelium and stroma. Laser
placement at 4–6 mm posterior to the limbus in the
dorsotemporal and ventrotemporal quadrants is critical for
effective treatment of the pars plicata (Fig 6) (Miller et al.
2001). However, placement of the laser should be adjusted in
equine globes with hydrophthalmos to avoid damage to the
ICA, pectinate ligament and iris base (Gemensky-Metzler
et al. 2014). Diode or Nd:YAG lasers have both been used to
perform TSCP in horses (Whigham et al. 1999; Annear et al.
2010). The diode laser wavelength of 780–850 nm is better
absorbed by melanin, thus lower total energy doses (~150 J/

eye) are required in comparison to the Nd:YAG laser
wavelength of 1064 nm (~250 J/eye) to achieve a similar
outcome. In normal horses, diode TSCP produced histologic
lesions in the equine CB that resulted in a 20% decrease in IOP
at 6 months post treatment (Cavens et al. 2012). A
retrospective study evaluated 42 eyes of 36 horses treated
with diode TSCP and found that 70% had good IOP control at
20–68 weeks with 59% sighted at final follow-up (Annear et al.
2010). However, 64% required continued antiglaucoma
medication (Annear et al. 2010). Evaluation of Nd:YAG TSCP
in 23 eyes of 16 horses found a 70% success rate, defined
as IOP <30 mmHg, for eyes surviving longer than 20 weeks
post-procedure (Whigham et al. 1999). Of those eyes, 60%
were visual, and 45% were not receiving topical ocular
antiglaucoma medications (Whigham et al. 1999). Common
complications of TSCP performed with either laser include
hyphaema, conjunctival hyperaemia, and corneal ulceration.
It is important to point out that short-term, TSCP can be
associated with marked IOP fluctuations associated with laser-
induced uveitis, but this ocular hypertension typically resolve
as uveitis resolves, within 2–3 weeks post operatively.

In contrast to TSCP, endoscopic cyclophotocoagulation
(ECP) has been used to treat glaucoma in dogs and people,
but has not been evaluated as a therapy for horses with
glaucoma. Rather than delivering laser energy from the
outside of the globe through the sclera, as in TSCP, ECP
combines an intraocular camera with a laser which allows
visualisation of the ciliary processes and precise targeting

Fig 6: Transscleral cyclophotocoagulation to treat glaucoma
secondary to equine recurrent uveitis in the left eye of a 14-year-
old Hanoverian gelding. Note the precise placement of the laser
4–6 mm from the limbus in the dorsotemporal sclera.
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during the laser ablation. Although ECP effectively caused
ciliary epithelium damage in one study with normal horses,
iatrogenic cataract development may limit its use (Harrington
et al. 2013). In addition, ECP requires general anaesthesia
while TSCP may be performed in standing horses with sedation.

In addition to surgically lowering IOP by decreasing AH
production, IOP can be surgically lowered by placement of a
gonioimplant. Gonioimplants are shunts that divert AH from
the anterior chamber to the subconjunctival space with
subsequent absorption into the peripheral circulation (Fig 7).

Placement of aqueous shunts in 7 normal eyes of 4 horses
resulted in a mean 38% decrease in IOP at 28 days post
operatively (Townsend et al. 2014). Complications associated
with the aqueous shunts in the horses included corneal ulcers,
hyphaema, and shallow anterior chamber (Townsend et al.
2014). Additional complications have been reported in
canine cases, including contact of the shunt tubing with the
corneal endothelium, cataract formation, implant extrusion,
and fibrosis of the subconjunctival space into which AH is
directed, obstructing outflow through the shunt (Sapienza
and van der Woerdt 2005; Westermeyer et al. 2011). The
long-term efficacy of gonioimplants has the potential to be
compromised by fibrosis over time, and the long-term success
of gonioimplants at lowering IOP in horses is unknown. It is
possible that combining the immediate IOP-lowering effect of
gonioimplant with the longer-term IOP-lowering effect of TSCP
can be effective in glaucomatous horses, as has been shown
in canine cases with glaucoma (Sapienza and van der
Woerdt 2005).

There are several humane treatments for a painful,
nonvisual, glaucomatous eye to reduce the source of
chronic pain, including enucleation, evisceration, and
chemical CB ablation. Owners may be reluctant to pursue
enucleation of a blind, painful eye, and in some cases elect
euthanasia over enucleation due to concerns about safety,
but horses can maintain a good quality of life without vision
in one or either eye (Utter et al. 2010). It is critical that
enucleated globes or eviscerated tissues be submitted for
histopathology to determine the underlying cause of the

Fig 7: The right eye of a normal horse one week following
placement of an Ahmed gonioimplant. Note that the tubing is
well positioned within the anterior chamber. Photograph courtesy
of Dr Wendy Townsend.

a) b)

c)

Fig 8: Frontal (a) and lateral (b) view of a 12-year-old Belgian gelding 11 months following enucleation. Lateral view of a 9-year-old
Thoroughbred gelding 2 months following enucleation with placement of a 47 mm silicone orbital prosthesis (c). Note the cosmetic
appearance associated with the orbital implant.
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glaucoma as this knowledge may have important
implications for the remaining eye. Intraorbital silicone
implants can provide a more cosmetic outcome following
enucleation by preventing contraction of eyelid skin down
into the orbit and the resultant hollow orbit appearance
(Fig 8). However, it is important to warn owners who consider
this option for cosmetic reasons that the placement of an
intraorbital implant increases the risk of orbital infection
relative to enucleation without placement of an intraorbital
prosthesis (Provost et al. 1989; Hamor et al. 1993). Placement
of an intrascleral prosthesis, which involves evisceration or
removal of ocular contents with preservation of corneoscleral
shell (Fig 9), is another option that may be considered more
cosmetic than enucleation without placement of a prosthesis
(Ruoss et al. 1997). This option should only be considered if
the ocular surface and cornea are healthy, and intraocular
neoplasia is not suspected (Naranjo and Dubielzig 2014).
Evisceration surgery likely results in decreased corneal
sensitivity and wound healing ability, which, combined with
blindness, may lead to a markedly increased risk of corneal
disease. It is critical to ensure that owners who consider an
intrascleral prosthesis understand that this procedure carries
increased risk of complications in comparison to enucleation,
know what to expect in terms of the likely appearance of
the globe following intrascleral prosthesis placement, and
accept that the eviscerated globe may still require long-term
medical management associated with ocular surface or
corneal disease. Finally, intravitreal injection with gentamicin
to chemically ablate the CB may be an option to decrease
IOP and thereby decrease ocular pain without having to
intervene surgically (Rankin et al. 2015). This procedure is
typically performed with the patient standing rather than
under general anaesthesia and therefore may be a more
accessible option for geriatric cases or those that need to be
treated on farm. However, the IOP-lowering and cosmetic
results of intravitreal gentamicin injection can be variable.

Conclusions

In the last decade, we have seen multiple advances in the
diagnostic tools, medical management, and surgical options
for equine glaucoma. However, this condition likely remains
underdiagnosed and is frustrating to treat in horses, with

blindness a common outcome. Much work remains in
understanding the pathophysiology of equine glaucoma and
prospective, masked, comparative clinical trials in
glaucomatous horses are necessary to evaluate the efficacy
of currently available and novel treatments.
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Summary
The dysphagic horse will frequently require nutritional support
due to a failure to ingest either sufficient or any feed at all to
meet its daily energy and protein requirements. There are a
variety of means by which this nutritional support can be
provided, the choice of which is largely dependent on the
cause of the dysphagia, anticipated duration of the
dysphagia, metabolic demands of the underlying disease/
disorder associated with the dysphagia, any financial
restraints and facilities available. This manuscript provides an
overview of the various means by which nutritional support
can be provided and highlights some of the advantages and
disadvantages of each which may be considered when
choosing the most appropriate approach.

Dysphagia

The term dysphagia has been defined in a number of ways.
Some clinicians adopt the definition of ‘difficulty in
swallowing’, although there is a lack of consensus as to
whether this solely reflects a difficulty in transferring feed or
liquid from the oropharynx past the cricopharyngeal
restriction into the proximal oesophagus or whether a broader
interpretation of this definition applies, including difficulty in
taking feed or liquid through the mouth and oesophagus and
into the stomach (Mackay 2001). The true meaning, as
inferred from the Greek origin of the word, is ‘difficulty in
eating’ (dys - difficult, painful or disordered; phagein - to eat),
a meaning which has been further categorised based on the
location of the affected site from which the dysphagia
originates; namely prepharyngeal, pharyngeal and post
pharyngeal (Mackay 2001). Prepharyngeal dysphagia
includes disorders of prehension (dysprehension), mastication
(dysmastication; syn ‘quidding’) and transfer of feed and
liquid from the mouth to the pharynx, resulting in the
dropping of food and water from the mouth. Pharyngeal
dysphagia includes disorders which prevent transfer of feed
and liquid from the oropharynx into the proximal oesophagus,
resulting in nasal regurgitation and/or aspiration of feed and
liquid. Post pharyngeal dysphagia includes disorders of
oesophageal function resulting in nasal regurgitation of feed
and liquid. In addition to these anatomical-based
subcategories, the mechanisms underlying dysphagia are
also varied and include pain, neurological, muscular and/or
neuromuscular deficits or obstruction to the passage of feed
(Baum et al. 1988a,b; Mackay 2001). Therefore, upon
consideration of the diverse anatomical locations (both
upper alimentary and central and peripheral nervous system)
and varied mechanisms which might be involved, it is not
surprising that the list of diseases and disorders which may

present clinically with dysphagia is extensive (Baum et al.
1988a,b; Mackay 2001).

As well as relating to the underlying disease process, the
prognosis associated with such cases is also largely
dependent on the ability of the clinician to provide
appropriate nutritional support, particularly in long standing
cases.

Consequences of feed deprivation in health and
disease

In general, the healthy adult horse can probably cope with 2
or 3 days of starvation without developing significant
metabolic problems or systemic effects (Naylor and Kenyon
1981; Stratton-Phelps 2008; Carr 2013). Exceptions might
include pregnant or lactating mares and horses with a high
body fat percentage. Data largely derived from other
species suggests that continued calorie deprivation will result
in a decline in blood glucose and insulin levels, necessitating
the reliance on metabolism of glycogen stores
(glycogenolysis) within the liver, kidneys and skeletal muscle,
fatty acid oxidation and ketone production and glucose
generation from noncarbohydrate substrates
(gluconeogenesis) (Argo 2013; Carr 2013). Continued feed
deprivation will result in elevations in the plasma
concentrations of bilirubin (Naylor et al. 1980b) and total
lipids, triglycerides and free fatty acids, through mobilisation
of fat stores (Naylor et al. 1980b; Stratton-Phelps 2008).

If not addressed, a lack of feed intake will result in a state
of protein and calorie malnutrition and nutritional
supplementation strategies are largely based on the
calculation and provision of the daily energy and protein
requirements of the case. In comparison to inappetant cases
with variable voluntary feed intake, the nutritional support of
dysphagic cases generally involves supplying the total daily
energy and protein requirements of the case for a variable
period of time. Energy requirements can be derived from
published recommendations by the National Research
Council (Anon 2007). These can be considered as resting
energy requirements (RERs) or maintenance energy
requirements. Resting energy requirements (RERs) reflect the
energy requirements for maintaining an individual with no
weight gain or loss without the metabolic demands of
activity, thermogenesis and digestion (Carr 2013).
Maintenance energy requirements take into consideration
the energy demands of digestion and voluntary activity and
are generally 30% greater than RER. Although indirect
calorimetry is considered to be the most accurate means of
determining caloric requirements (Cruz et al. 2006), they can
be estimated by the following equations:
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Resting energy requirements DE kcal=dayð Þ ¼ 21� kg bwtð Þ
þ 975

(Pagan and Hintz 1986)

DEðkJ=dayÞ ¼ 89:04� kg bwtð Þ þ 4079:4

Maintenance energy requirements

\600kg : DE kcal=dayð Þ ¼ 1400þ 30� kg bwtð Þ
\600kg : DE kJ=dayð Þ ¼ 5857:6þ 125:52� kg bwtð Þ

[600kg :DE kcal=dayð Þ¼1820þ 38:3�kgbwtð Þ� 0:015�bwt2
� �

[600kg :DE kJ=dayð Þ
¼ 7614:88þ 160:25�kgbwtð Þ� 0:063�kgbwtð Þ

Daily protein requirements for a healthy adult horse can be
calculated from the following equation (Anon 2007):

Crudeprotein gð Þ ¼ 1:26� kg bwt

In addition to the quantity of protein requirement, the
quality of the protein is also important and should be
considered in certain nutritional support strategies. During
periods of illness, nonessential amino acid sources may be
inadequate and supplementation of glutamine, arginine and
other nonessential amino acids should be considered.
Glutamine is critical in maintaining gastrointestinal mucosal
integrity and immune function (Wischmeyer 2007), whilst
arginine is a precursor for the synthesis of nitric oxide and
upregulates immune function (Potenza et al. 2001). Studies
looking at amino acid supplementation in critically ill horses
are currently lacking; however, parenteral amino acid
solutions and complete enteral feeds generally contain
nonessential amino acids. Alternatively, glutamine can be
added separately (Carr 2013). Deamination of glutamine has
been shown to be a major contributor to hyperammonaemia
(Romero-Gomez et al. 2009) and, as such, caution should be
applied to horses in hepatic failure.

Additional equations and multipliers are available for the
calculation of the extra energy requirements of both
lactating and pregnant mares and young growing foals
(Anon 2007), the latter of which also have significantly (5–
14 x) greater daily protein requirements than adult horses on
a per unit weight basis (Oftedal et al. 1983).

The RER for a 500 kg horse equates to approximately
11.5 Mcal/day (48.1 MJ); however, this should only be regarded
as an estimate as the actual requirements are dependent on a
number of disease-associated factors.

In the healthy individual, an adaptive reduction in energy
expenditure occurs in response to nutritional deficiency and
the metabolic rate reduces as a result of a decrease in thyroid
hormone concentrations (Dunkel and Wilkins 2004; Carr 2013).
However, many cases which present with dysphagia are not
otherwise healthy and several factors may influence both the
efficiency of the adaptive response to nutritional deficiency
and the specific nutritional requirements of the individual case.
Consequently, the design of nutritional supplementation
strategies should take into consideration such factors, which
include the signalment and body condition of the case
and any underlying disease-associated pathophysiological

alterations. Such factors will also require consideration when
deciding the most appropriate time to initiate nutritional
support. A lack of mobility in some dysphagic cases (e.g.
botulism) may be associated with a reduction in daily energy
requirements. Conversely, under provision of energy
requirements may have more severe detrimental effects in
young, geriatric, emaciated or immunodeficient horses and
those with a predisposition to the development of metabolic
derangements in the face of nutritional deficiency. Due to their
relative deficiency in energy and protein stores, horses with a
low body condition score warrant earlier and more aggressive
nutritional support (Dunkel and Wilkins 2004; Carr 2013).
However, in cases in which the period of starvation has been
prolonged, particular care may be necessary to avoid
problems associated with excessive and rapid feeding (see
later section on refeeding syndrome). Obese horses and
certain breeds (e.g. ponies, miniature breeds and donkeys) will
similarly require earlier intervention due to the associated risk of
the development of hyperlipaemia in the face of continued
negative energy balance (Naylor et al. 1980a; Stratton-Phelps
2004; Carr 2013). Furthermore, as nutrition is important for the
maintenance of immune function (Naylor and Kenyon 1981;
Sheffy and Williams 1982), cases with pre-existing or disease-
associated compromise of immune function may require
earlier supplementation. Rarely, certain conditions associated
with the development of dysphagia may be associated with
significant systemic inflammation. Data largely derived from
other species has demonstrated that tissue injury and systemic
inflammation may result in endocrine, cytokine and
neurotransmitter-mediated increases in metabolism and
catabolism, resulting in a failure to adapt to nutritional
deficiency in the same way as a healthy subject (Romijn 2000).
However, data derived from critically ill human patients
suggests that the increase in catabolism is significantly greater
than the increase in metabolism, thus potentially increasing
their sensitivity to caloric overfeeding (Mechanick and Brett
2002). Therefore, such inflammatory states, when associated
with a reduction in feed intake, generally result in the
preferential breakdown of muscle protein compared with fat,
largely as a result of elevated blood insulin concentrations
(Carr 2013). Indeed, in human critical care, under such
situations (e.g. sepsis and anorexia) there is a general
tendency to aim for a slight underprovision of energy (calorie)
requirements and overprovision of nitrogen sources and recent
therapeutic objectives have focussed on attenuating the
metabolic response to stress as well as supplementing in
response to the relative nutritional deficiencies encountered or
predicted (Hawker 2000; Mechanick and Brett 2002; Carr
2013).

Therefore, careful consideration of the type, duration and
severity of the disease process associated with the dysphagia
is essential in order to predict the likely effect of any disease-
associated pathophysiological alterations on the calculated
requirements of the case.

Modes and targets of nutritional support

The options available to the clinician to permit the instigation
of nutritional support include enteral nutrition (EN), parenteral
nutrition (PN) or a combination of both. Selection of the most
appropriate system is largely determined by the underlying
cause of the dysphagia, anticipated duration over which
nutritional support will be required and relative costs and
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potential complications associated with each approach.
Indeed, these different approaches should not be considered
as mutually exclusive of each other and their combined and
complementary use may be warranted (Heidegger et al.
2008; Magdesian 2010).

If the horse is stall confined, then provision of daily RERs is an
appropriate initial goal with both the enteral and parenteral
approaches, although the enteral route will result in slightly
greater energy expenditure associated with digestion,
fermentation and absorption (Carr 2013). Following a 2–3 day
gradual increase starting from approximately 25% estimated
RER, most nutritional support strategies will aim to reach 80%
estimated RER initially, with daily adjustments based on activity,
serum analyte concentrations and body condition. Compared
with bodyweight measurement, body condition score is a
more accurate means of monitoring the effectiveness of the
nutritional support as it is less influenced by significant
alterations in fluid balance and intestinal bulk, which may be
associated with certain diseases, disorders and treatment
regimens (Henneke et al. 1983; Sweeney and Hansen 1990).
However, significant weight loss may occur without a change
in body condition, particularly in obese ponies (Dugdale et al.
2010). Once this target is reached and maintained without any
adverse effects, this may be further increased to 100% RER and
then maintenance requirements (approximately 16.4 Mcal
[68.6 MJ]/day for a 500 kg horse) as the case improves or
becomes increasingly mobile. For under- or overconditioned
horses, the recommended RER is calculated using an average
of the actual and target bodyweight (Stratton-Phelps 2008).
The calculation of protein requirements for underconditioned
horses should be calculated based on their target bodyweight
(Stratton-Phelps 2008).

Enteral nutrition (EN)
General concepts
There is a general consensus that EN is the preferred method of
nutritional support provided the gastrointestinal tract is healthy,
patent and functional, both with respect to absorptive
capacity and motility (Carr 2013). Although the adage ‘if the
gut works, use it’ may be considered an oversimplistic means
of selecting the most appropriate means of nutritional support,
there are indeed several advantages to the use of EN. Firstly,
nutrients supplied via the enteral route provide the majority of
nutrition to the gut and contribute significantly to the
maintenance of intestinal health (Frost and Bihari 1997; Carr
2013). Studies in piglets have demonstrated that this route of
nutrient supply maintains gut barrier integrity, mass, protein
content, motility and function (Burrin et al. 2000). Indeed, a
deficiency in EN has been shown to result in mucosal atrophy,
increased permeability and enzymatic dysfunction (Hernandez
et al. 1999). However, the increased oxygen demand
associated with the increased metabolic activity of
enterocytes in the face of EN must be weighed up against the
direct beneficial effects on the enterocytes, such that its use
has the potential to worsen pre-existing mucosal damage
(Rokyta et al. 2003; Carr 2013). Secondly, EN is considerably
less expensive than the parenteral route, both in terms of the
nutrient source and equipment, consumables and time
associated with nutrient delivery (Frost and Bihari 1997; Dunkel
and Wilkins 2004; Carr 2013). Thirdly, the enteral route is
associated with considerably less concern over fluid and
electrolyte overload, particularly in light of the large residual
capacity of the horse’s intestinal tract (Meyer 1996). Fourthly,

EN permits the provision of fibre which, although not
recognised as an essential nutrient in the equine diet, provides
energy in the form of volatile fatty acids and maintains
colonocyte health via the generation of butyric acid (Stratton-
Phelps 2004). Interestingly, the addition of cellulose to a PN
solution administered enterally to rats afforded protection of
ileal gut barrier function when compared with PN solution
alone (Mosenthal et al. 2002). Finally, recent studies have
supported a favourable effect of EN on pathogen
responsiveness, whereby the mucosal responsiveness to
pathogen exposure in a mouse ex vivo intestinal segment
culture model was significantly greater when nutrients were
supplied by EN, compared with PN (Pierre et al. 2013). In
addition to conditions associated with abnormal intestinal
function and motility, horses that are recumbent or unable to
maintain their heads in an upright position are not considered
good candidates for EN (Stratton-Phelps 2008).

The options available for the provision of enteral nutrition in
the dysphagic case include either pelleted feeds made into a
slurry consistency, custom-made diets or commercially
available equine and human liquid component diets. Each of
these options has its own inherent advantages and
disadvantages (Table 1); however, there are some general
principles which apply to all methods of enteral feeding. As the
administration of a liquid diet is associated with an increase in
intestinal transit rate, there is in inherent risk of reduced
precaecal nonstructural carbohydrate and fat digestion
resulting in their increased rate of delivery to the large intestine
(Carr 2013). The use of highly digestible carbohydrates has
been advocated as a means of minimising this occurrence
(Carr 2013); examples include glucose or processed starch.
However, these should be avoided in patients at risk of
developing laminitis (Stratton-Phelps 2008). Furthermore, the
feeding of diets high in nonstructural carbohydrates may
contribute to the development of insulin resistance (Hoffman
et al. 2003). The optimal approach is to provide energy in the
form of structural carbohydrates (fibre), which are converted
into volatile fatty acids by the large intestinal flora, provided
this sufficiently contributes to the calculated energy
requirements of the case. Unfortunately, the commercially
available liquid component diets formulated for human use
contain little or no fibre and the increase in viscosity associated
with fibre supplementation of liquid feed will hinder their ease
of passage through narrow bore tubes. When initiating the use
of enteral nutrition in cases of prolonged dysphagia,
irrespective of the formulation used, it is advised that the
administration rate is increased gradually over several days.
Anecdotally, early provision of the entire daily requirements in
such cases has been associated with the induction of colic
and diarrhoea (Carr 2013), especially when human liquid
component diets or diets with a high fat content are used.
Although the daily water requirements of the patient are
largely met by the total volume of diet required to supply
energy requirements, this should be considered and
calculated separately and efforts made to ensure that the
patient is receiving sufficient water or that excess water is not
being administered.

Pelleted feed slurries
The major advantages of the use of pelleted feeds are that
they are inexpensive, already nutritionally balanced and can
constitute a readily available source of fibre (Carr 2013). An
alfalfa pellet-based slurry (Alfalfa pellets)1 is a suitable option,
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the nutritional properties and suitability of which are
summarised in Table 1. If the pellets used to prepare the slurry
are not complete feeds, it is recommended that a vitamin
and mineral supplement should also be added. Ideally, feeds
with a high concentration of nonstructural carbohydrates
should be avoided (Stratton-Phelps 2008). The principal
disadvantage of feed slurries is the lack of ease with which
they pass through a nasogastric tube, a factor which is
largely influenced by the physical properties of the pelleted
feed, volume of water used to suspend the mixture and
internal diameter of the nasogastric tube. This is mostly an
issue in smaller breeds whereby the calibre of tube is limited
by the narrow cross sectional area of the ventral meatus
within the nasal cavity. Complete diets will often require
further grinding prior to the addition of water or processing in
a blender after soaking (Stratton-Phelps 2008; Carr 2013). In
the UK,2 (Table 1), an energy rich human oat-based breakfast
cereal, is commonly used for short-term enteral nutritional
support. As such an approach relies either on repeated
intubations or the use of an indwelling large bore nasogastric
tube, it is less applicable to cases requiring long-term enteral
nutrition. The use of indwelling nasogastric tubes is associated
with patient discomfort and complications including necrosis
of the nasal passages, pharynx and oesophagus (Hardy et al.
1992). In a series of 9 cases of nasogastric intubation-
associated complications, 6 had been intubated for >4 days,
with 3 of these developing an oesophageal perforation
(Hardy et al. 1992). Similarly, patient irritation will result from
repeated intubations which are required for a variety of
reasons (Freeman and Naylor 1978). Firstly, the volume of
water required to suspend the feed and facilitate passage
through a nasogastric tube equates to approximately 6 l/kg
pelleted feed (Carr 2013; Table 1). A protocol suggested by
the authors, using alfalfa pellets or meal, is summarised in
Figure 1. As the administration of no more than 6–8 l per feed
is recommended for a 450 kg adult horse, this will necessitate
at least 3 to 4 such administrations per day to meet the
energy requirements of such a patient. Depending on the
properties of the feed, even this weight to volume ratio may
require a stirrup pump to facilitate passage through a
nasogastric tube (Carr 2013). Secondly, it is generally
considered good practice with any enteral feeding
programme which relies on periodic administration to divide
the daily ration into several small feeds per day, a process
which likely reduces the risk of diarrhoea. This frequency of
feed provision would still apply even when commencing the
nutritional support at 25% calculated requirements especially
in a horse with prior starvation which may have an
associated reduction in gastric capacity (Witham and Stull
1998). Although 3.4–4 kg of a pelleted diet containing 14–25%
crude fibre is sufficient to meet the daily energy requirements
of a 450 kg horse (Stratton-Phelps 2004), depending on the
feed, this may fail to meet the protein requirements and
additional protein supplementation may be indicated in
cases requiring more long term administration (Stratton-Phelps
2008).

Custom-made diets
There are a few reports within the equine veterinary literature
on the successful use of custom-made diets for enteral
nutritional support, the principal advantage of which is that
they can be specifically formulated to meet the precise
requirements of the patient (Naylor et al. 1984; HallebeekTA
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and Beynen 2001; Read et al. 2002). Although more
economical, compared with commercially available liquid
diets, their daily preparation requires time and availability of
the individual components. The ‘Naylor diet’ (summarised in
Table 1), provides additional crude protein compared with
some commercial complete feeds through the addition of
casein and inclusion of dehydrated alfalfa meal; the latter
also contributing to a relatively high final crude fibre ratio
(Naylor 1977; Naylor et al. 1984). The addition of 200–300 ml
canola oil per day to this diet has also been suggested as a
means of increasing calorie provision (Naylor 1977); however,
it is recommended that oral vitamin E supplementation
should be considered in horses receiving diets with added oil
(Stratton-Phelps 2008). Read et al. (2002) also reported on the
successful use of a modified version of this diet for 37 days
during the management of a case with an oesophageal
rupture (Read et al. 2002). A similar custom-made diet, with a
lower protein and fibre content, was reportedly used in the
successful treatment of experimental hyperlipaemia in ponies
(Hallebeek and Beynen 2001).

Liquid component diets
There are several reports within the literature describing the
administration to adult horses of liquid component diets
designed for human nutritional support (Sweeney and Hansen
1990; Golenz et al. 1992; Moore et al. 1994; Buechner-
Maxwell et al. 2003), the nutritional properties and suitability
of which are summarised in Table 2. The principal advantage
of such preparations are the ease with which they pass
through narrow bore (18F) feeding tubes, the use of which
may be preferable in cases requiring long-term enteral
nutrition. Although such feeding tubes can be maintained
in situ by securing them to the head collar after they exit the
nares, this requires the application of a muzzle to prevent
their dislodgement; a factor which prevents any voluntary
feed intake. The authors, preference is to create an ostia into
the nasal cavity (avoiding the false nostril) just rostral to the

nasomaxillary notch (Fig 2a), thus minimising the chances of
tube dislodgement and permitting voluntary feed intake
(Fig 2b). Although periodic administration is more commonly
adopted with most enteral feeding diets, liquid component
diets may be administered by continuous flow, with the rate
of administration controlled by the use of a fluid
administration pump (Fig 3). To maintain a constant flow, it
may be necessary to reduce the viscosity of the feed by the
addition of water, especially at low ambient temperatures.
However, as these formulations are energy dense, the
provision of additional water may be required anyway to
maintain hydration.

Other than the increased costs compared with other
enteral diet options, the principle disadvantage of liquid
component diets is the lack of fibre in human preparations
(Table 2), despite having similar protein, carbohydrate and
fat ratios to a typical equine diet of 70% hay and 30% grain
(Golenz et al. 1992). Consequently, there is a reluctance to
use them due to the potential risk of diarrhoea resulting from
a more rapid transit rate through the small intestine (Stratton-
Phelps 2004). Although certain human formulations do
contain fibre (e.g. Promote Fiber)3, the ratio is significantly
lower than that which can be achieved using pelleted and
custom-made equine diets and that present in more recently
available equine-specific liquid component diets (Enteral
immunonutrition formula)4. However, such fibre-free human
formulations (Vital HN3 and Osmolite HN3) have been
successfully used in the management of hyperlipaemia
(Moore et al. 1994; Stratton-Phelps 2004), oesophageal
laceration (Stratton-Phelps 2004) and dysphagia (Sweeney
and Hansen 1990) in adult horses. Sweeney and Hansen
(1990) reported on the administration of the sucrose-free
human preparation Osmolite HN to 13 horses 3 9 daily, with
or without voluntary fibre intake, for periods up to 32 days
with no serious complications other than loose faeces and
reduction in faecal output (Sweeney and Hansen 1990).
Interestingly, none of the group which received fibre provision

a) c)

b)

Fig 1: Authors guidelines for preparation of an Alfalfa-based slurry. a) The slurry can be prepared using either alfalfa pellets (left) or
alfalfa meal (right). b) Soaking and blending process. c) The slurry produced using the above protocol has a consistency which will
flow through a 9 mm (internal diameter) nasogastric tube by gravity at approximately 2–3 l/min.
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developed loose faeces and as the calcium and sodium
concentration was lower than requirements, supplementation
was recommended for longer term use (Sweeney and
Hansen 1990). Similarly, Buechner-Maxwell et al. (2003)
compared the physiological response of healthy horses fed
either a normal hay/concentrate diet or Osmolite HN, both
formulated to meet caloric requirements, over 10 days and
reported the only significant effects of the liquid diet to be a
higher serum total bilirubin concentration, softer faeces, a
subjectively duller demeanour and more continuous pattern
of weight loss (Buechner-Maxwell et al. 2003). Similarly, the
use of Vital HN over a 9-day period in a miniature pony
resulted in the maintenance of bodyweight and no adverse
effects with the exception of the transient passage of soft
faeces early in the treatment period (Golenz et al. 1992). The
authors have experience using a human preparation with a
higher fat content (Fresubin HP energy5; summarised in
Table 2) in the nutritional management of chronic equine

grass sickness cases and similarly found a change in faecal
consistency to be the principal adverse effect, with some
cases developing severe diarrhoea.

More recently, liquid component diets formulated for
equine use have become commercially available. Although
there is insufficient data within the equine clinical literature to
allow an objective assessment of their efficacy, it is likely that
the higher fibre content renders them more applicable than
the human preparations for the provision of enteral nutrition
to horses. The nutritional properties of such a product (Enteral
immunonutrition formula) are summarised in Table 1.
However, the additional fibre in such enteral formulations will
result in an increased viscosity of the reconstituted solution, a
factor which should be considered.

Alternatives to nasogastric intubation
Occasionally, a nasogastric or feeding tube cannot be
passed in the routine fashion, either because of physical

a) b)

Fig 2: a) A horse with an indwelling 18F feeding tube. Note the feeding tube has exited the nasal cavity via an ostia created just rostral
to the nasomaxillary notch. b) This placement of the feeding tube avoids the requirement for a muzzle to be placed to prevent
dislodgement and permits the horse to voluntarily eat.

TABLE 2: Nutritional properties and suitability of human liquid enteral products

Vital HN3
Osmolite 1 Cal3

(formerly HN)
Promote
with fibre3

Fresubin
HP energy5

Nutrient density (kcal/ml) 1 1.06 1 1.50
Energy distribution
Protein (% of total kcal) 16.7 16.7 25 20
Carbohydrate (% of total kcal) 73.8 54.3 50 45
Fat (% of total kcal) 9.5 29 25 35

Protein (g/dl) 4.17 4.43 6.25 7.5
Protein (g/100 kcal) 4.17 4.18 6.25 5
Carbohydrate source Corn maltodextrin,

sucrose
Corn
maltodextrin

Corn maltodextrin, sucrose Maltodextrin

Volume required for RER of 500 kg horse (l) 11.5 10.85 11.5 7.67
Protein achieved for the RER volume (g) 480 481 719 575
Volume required for ME of 500 kg horse (l) 16.4 15.47 16.4 10.93
Protein achieved for the ME volume (g) 684 685 1025 820
Advantages Low in fat

Good for
hyperlipaemic
patients

Sucrose free 1.44% of total kcal is fibre
High protein
Achieves recommended daily
requirements of potassium when
feed for ME requirements

High calorie
density

High protein
Sucrose free

Daily resting energy requirements (RER) for 500 kg horse = 11.5 Mcal; daily maintenance energy (ME) for 500 kg horse = 16.4 Mcal; daily
protein requirements for 500 kg horse = 630 g.
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obstruction to placement or the inability of the patient to
swallow. Under such circumstances, or when long periods of
EN are anticipated and complications associated with
repeated or prolonged nasogastric intubation are to be
avoided, tube placement can be achieved via an
oesophagotomy in the standing sedated horse (Freeman
and Naylor 1978). Although it is possible to maintain
indwelling tubes for prolonged periods (Freeman and Naylor
1978), there are various potential complications associated
with this procedure, including strictures, infection at the
surgical site and fistulas (Stick et al. 1981). Although Stick
et al. (1981) reported mainly minor complications in a case
series of 11, two horses did die of severe complications.
Horses can be offered feed with the oesophagostomy tubes
in place, although this may result in increased contamination
of, and leaking around, the surgical site (Freeman and
Naylor 1978). Following tube removal, the stomas generally
heal rapidly (2–3 weeks) with minimal complications
although Stick et al. (1981) reported a positive correlation
between the duration of tube feeding and time taken for
closure of the stoma (Stick et al. 1981). A potential
alternative technique, percutaneous endoscopic gastrotomy
(PEG), has recently been described in the horse (Toth et al.
2014). However, despite the complication rate associated
with the use of PEG and oesophagotomy in other species
being similar (Minar et al. 2011), there is currently insufficient
information to assess the relative benefits of this technique in
the horse.

Parenteral nutrition (PN)
Readers are referred to Magdesian (2010) for a more
thorough overview of PN in the mature horse (Magdesian
2010). The parenteral route is generally used for nutritional
support when the enteral route is unavailable or
inappropriate (e.g. abnormal intestinal function or motility);
however, other circumstances may support its use (e.g. high
risk of inhalation pneumonia in a recumbent patient). The
advantages of the parenteral route include the ability to

accurately tailor the nutritional provision to the specific
requirements of the case (Carr 2013). However, the
disadvantages include the lack of any benefits of enteral
feeding on the intestinal tract (e.g. maintaining intestinal
function, mass and mucosal barrier integrity), high expense of
the approach, requirement for regular monitoring to detect
metabolic derangements and potential for catheter-
associated complications (Dunkel and Wilkins 2004; Stratton-
Phelps 2008; Magdesian 2010; Carr 2013). Despite these
disadvantages, there is recent evidence in the human
literature demonstrating a significant effect of PN compared
with EN on reducing mortality (Simpson and Doig 2005).
Furthermore, PN is increasingly viewed in human medicine as
a supplement to EN in certain situations, thus deviating from
the notion that a specific choice has to be made between
the two methods of nutritional support (Heidegger et al.
2008). Whether this also applies to the equine patient remains
to be determined.

When using PN, there are two major considerations with
regard to nutritional supplementation: firstly, energy
requirements, which can be met by the administration of
carbohydrates (dextrose or glucose) or lipids and secondly,
protein requirements, which require amino acid
supplementation (Stratton-Phelps 2008; Magdesian 2010). The
approach adopted is largely determined by the degree and
duration of dysphagia, whether the enteral route is also being
utilised for nutritional support and consideration of the
expense involved. In addition to meeting the nutritional
requirements of the patient, consideration should be given to
how much of the daily water requirements are met by the
chosen method of nutrient supplementation. Additional water
requirements should be met by the intravenous administration
of polyionic solutions.

Short-term nutritional support
An appropriate and relatively inexpensive approach in cases
with an anticipated short term duration of dysphagia (e.g.
<72 h) or as an adjunct to cases receiving nutritional support
via the enteral route may be to provide only energy
requirements in the form of dextrose or glucose (Magdesian
2010). Under these circumstances, a 5% (50 g/l) solution
should be used. Due to the hyperosmolarity of the 50%
(500 g/l) solution, this more concentrated formulation should
not be administered directly intravenously due to the risk of
thrombus formation (Magdesian 2010). The 5% solution, when
administered as a constant rate infusion (CRI) rate of 1–2 mg/
kg bwt/min, will provide 20–40% of the daily resting energy
requirements of a 500 kg horse (Durham 2006). A rate of
1.7 mg/kg bwt/min equates to 1 l/h of 5% solution for a
500 kg horse (Magdesian 2010). Compared with bolus
administration, the administration by CRI generally prevents
the renal threshold of glucose being exceeded (Stratton-
Phelps 2008). Although the CRI of 50% dextrose, has been
shown to induce hyperinsulinaemia and histopathological
evidence of laminitis (De Laat et al. 2012), the infusion rate
used was equivalent to 5.7 mg/kg bwt/min, 3–6 times greater
than that recommended above. Although this approach will
fail to address any protein losses, the supplemental energy
will blunt the catabolism of endogenous lipid and protein
stores (Stratton-Phelps 2008). Even with short duration
dysphagia, supplementation with soluble B vitamins is also
advised, due to their necessity for carbohydrate metabolism
(Magdesian 2003; Stratton-Phelps 2008). As B vitamins are light

Fig 3: A horse with an indwelling 18F feeding tube receiving a
human enteral feeding preparation via an infusion pump
attached to a surcingle. This set up permits administration of the
liquid feed at a low flow rate, thus minimising the risk of
complications associated with any increase in intestinal transit
rate attributable to the liquid diet.
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sensitive, if added to the CRI they should ideally be added
just prior to administration. Vitamin C can be supplied
enterally (20 mg/kg bwt/day) (Magdesian 2010).

Medium term nutritional support
As the above approach will fail to address any ongoing protein
catabolism, amino acid supplementation should be
considered in cases with more long-term dysphagia (>3 days).
The rate of administration of amino acids, which are generally
available in 8.5, 10 or 15% solutions, should be calculated
based on the maintenance requirements of the case,
(approximately 0.7 g/kg bwt/day), although this value may be
exceeded in cases with ongoing protein catabolism
(Magdesian 2003). Ratios as high as 1.0–1.5 g/kg bwt/day
have been suggested as appropriate (Lopes and White 2002;
Durham et al. 2004; Durham 2006; Magdesian 2010; Carr 2013),
similar to those often used in critically ill human patients (1.5–
2.0 g/kg bwt/day) (Dunkel and Wilkins 2004). Significantly
greater ratios (2–3 g/kg bwt/day) are often used for equine
neonates (Dunkel and Wilkins 2004). Furthermore, a ratio of
nonprotein calories to nitrogen should be equivalent to 100–
150 kcal/g nitrogen, thus limiting the use of protein as an
energy source (Lopes and White 2002; Magdesian 2010; Carr
2013). Dextrose or glucose may be used as the sole energy
source for a period up to one week and this approach,
combining with amino acids, is commonly referred to as ‘lipid
free’ PN (Magdesian 2010). It is less expensive and associated
with fewer complications than the use of lipid containing
formulations; however, long-term use of this approach may
result in fatty acid deficiency (Magdesian 2010). A typical
approach is to use a 50:50 ratio of 50% (500 g/l) dextrose and
8.5% amino acids, resulting in mixture with an energy content
of 1.02 kcal (4.27 kJ)/ml (1.02 Mcal [4.27 MJ]/l) (Magdesian
2010). This will generally provide approximately 0.9–1.0 g/kg
protein when the infusion rate of the mixture is calculated to
meet the resting energy requirements of the horse (Magdesian
2010). As 50% dextrose solution is hyperosmolar, it is advisable
to reduce the osmolarity of the mixture if a peripheral vein (e.g.
jugular vein) is used for the infusion portal. Magdesian (2010)
recommends diluting three parts PN (50:50 mix of 50% dextrose
and 8.5% amino acids) with one part sterile water
‘piggybacked’ into the infusion line.

Longer term nutritional support
If longer term (>7 days) use of PN is required, consideration
should be given to the use of energy dense lipids in the PN
mixture as it is difficult to meet all the caloric requirements of
the long standing case without their inclusion, especially in
insulin resistant patients (Carr 2013). However, their use is
associated with an increase in costs and a reported increased
risk of metabolic complications (Stratton-Phelps 2008; Myers
et al. 2009; Magdesian 2010; Carr 2013). Lipids are generally
available as 10 or 20% emulsions; thus, a standard approach
would be to use a combination of 50% dextrose, 8.5% amino
acids and 10–20% lipids (Magdesian 2010). With this
approach, a proportion (approximately 30%) of the caloric
provision is provided by the energy dense lipid component,
often in place of an equivalent volume of the less energy
dense dextrose. It is advisable for lipid emulsions to be added
last to the PN mixture, preferably immediately prior to
administration as there is a tendency for the emulsions to
destabilise when directly mixed with acidic solutions (e.g. 50%
dextrose) (Stratton-Phelps 2008; Magdesian 2010).

Additional components
In addition to carbohydrates, amino acid and lipid
supplementation, additional components are generally
added as required. These include electrolytes generally
supplied via crystalloid fluid administration, vitamins and
minerals (Magdesian 2010). However, the number of additives
should be limited, particularly when using lipid-containing
solutions to minimise the risk of contamination and lipid
destabilisation; therefore supplementation of co-administered
crystalloids is more appropriate (Magdesian 2010).

Complications
Complications associated with PN include the following:
sepsis, thrombophlebitis, catheter site complications (Durham
et al. 2003; Myers et al. 2009), hyperlipaemia (Krause and
McKenzie 2007; Myers et al. 2009), emboli and
hyperglycaemia (Lopes and White 2002). Hyperglycaemia,
recognised as the most common complication associated
with PN (Lopes and White 2002; Myers et al. 2009), may result
in osmotic diuresis and dehydration, neurological effects and
predisposition to infection (Dunkel and Wilkins 2004) and may
require periodic or CRI insulin in an attempt to achieve
appropriate control (Stratton-Phelps 2008; Magdesian 2010).
One advantage of using lipid-containing PN is the potential it
offers to reduce the quantity of carbohydrate, thus reducing
the risk of hyperglycaemia and hypercapnia (Dunkel and
Wilkins 2004). Although Krause and McKenzie (2007) reported
no deleterious side effects and a more appropriate level of
nutritional support in a series of foals receiving lipid support
(Krause and McKenzie 2007), Myers et al. (2009) reported a
high prevalence of hypertriglyceridaemia which was
significantly associated with nonsurvival (Myers et al. 2009).
Furthermore, restriction of lipid-containing PN is
recommended in horses with derangements in lipid
metabolism such as hyperlipaemia (Carr 2013). Furthermore,
there is an increasing body of evidence in the human
literature supporting an association between the long-term
(≥2 weeks) administration of lipid-containing PN to infants and
development of progressive liver disease, whereby the
components of soyabean oil, particularly omega-6-
polyunsaturated fatty acids, have been implicated
(Nandivada et al. 2013). It is currently unknown whether a
similar situation exists in horses; however, there may be
justification for exercising caution when treating equine cases
with uncompensated liver disease.

General principles of PN and monitoring
Because of the association with sepsis and thrombophlebitis,
it is essential that the PN is prepared in an aseptic manner
(preferably in a laminar flow hood) and that optimal
protocols are followed for aseptic catheter placement and
maintenance. Premade commercial PN products allow easy
mixing of components following clamp removal between
chambers without the requirement for opening bags or
receptacles. Because of the risk of emulsion destabilisation, a
separate catheter lumen should be used for PN and
crystalloid administration; ideally the use of a double lumen
catheter permits infusion of PN through a separate portal
from crystalloid fluids and other medication(s). Ideally,
intravenous lines used for PN administration should be
changed daily. The use of an infusion pump is preferable and
administration rates should initially be calculated based on
25% of daily requirements, with gradual 25% increases in rate
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every 4–8 h (Magdesian 2010). Because of the associated
complication of hyperglycaemia, any increase in rate should
be preceded by blood glucose analysis and subsequent
regular (4–6 hourly) monitoring of blood glucose
concentration should be conducted (Carr 2013). This gradual
increase in administration rate allows an appropriate
endogenous insulin response to occur (Magdesian 2010).
Similarly, any cessation of PN should be conducted gradually,
decreasing the infusion rate by 25% every 4–8 h, with regular
monitoring of blood glucose concentration, as a transient
hypoglycaemia may occur (Dunkel and Wilkins 2004).
Additional monitoring of electrolytes, BUN and triglycerides is
also recommended (Magdesian 2010). As with EN, the
patient should be regularly assessed with respect to
bodyweight and body condition score to ensure that an
adequate level of nutrition is being provided relative to the
estimated requirements, with appropriate changes being
instigated when deemed necessary.

Reintroduction to voluntary feeding

Depending on the cause and severity of dysphagia, some
horses may continue to consume feed voluntarily, whereby
EN and PN may be utilised solely to address any associated
nutritional shortfall. Also, following resolution of the dysphagia,
increasing reliance will be placed on voluntary feed
consumption. Under both situations, palatability of the feed is
likely a key determinant of the willingness of the case to
voluntarily eat. Therefore, highly palatable feeds should be
offered or attempts made to further improve the palatability
of the feed offered including the addition of molasses, fruit
flavouring (e.g. citrus, apple cherry) and/or succulents (e.g.
apples, carrots) to the feed. Furthermore, as the feed
preference of the case is often unpredictable, offering a
smorgasbord of different feed types and consistencies will
maximise the chance of identifying the preferred option.
Ideally, efforts should be made to provide sufficient fibre;
legume hays are generally palatable, although grazing may
be the most preferred option. In addition to the palatability of
the feed, the ease with which the feed can be consumed
and the desired energy and protein provision, depending on
the underlying disease process and body condition of the
case, should also be considered.

Refeeding syndrome

Refeeding syndrome, first reported in people released from
prisoner of war camps after the Second World War (Schnitker
et al. 1951), is a poorly defined syndrome of metabolic
disturbances that occur as a result of reinstitution of nutrition to
severely malnourished patients and is associated with high
morbidity and mortality (Witham and Stull 1998; Crook et al.
2001). Whilst 5 days starvation is the generally accepted
timescale of risk, cases can occur after 2 days starvation with
prior poor nutritional status (Dunkel and Wilkins 2004).
Refeeding with carbohydrate causes an increase in insulin
secretion, stimulating glycolysis, fat and protein synthesis,
processes which require phosphate (for phosphorylation and
adenosine triphosphate synthesis), magnesium, potassium and
cofactors such as thiamine (Mehanna et al. 2008).
Additionally, insulin also stimulates the flux of potassium into
cells. During fasting, whilst serum levels of electrolytes remain
normal, intracellular levels are severely depleted. The feeding-

induced abrupt intracellular shift of these electrolytes and
minerals results in acute hypophosphataemia, hypokalaemia,
hypomagnesaemia and reduced thiamine (Stratton-Phelps
2008). The hallmark blood biochemical feature of refeeding
syndrome, hypophosphataemia, was present in all horses refed
under experimental conditions regardless of the diet (Witham
and Stull 1998). The clinical manifestations of refeeding
syndrome, which include respiratory failure, circulatory
collapse, neurological signs and gastrointestinal disturbances
(Khan et al. 2011), can be avoided by recognition of its
possible occurrence prior to the introduction of feed, a
gradual reintroduction to nutritional support and close
monitoring of serum concentrations of these electrolytes with
supplementation based on measured levels. As serum
potassium levels may not accurately reflect total body
potassium content, routine oral supplementation with
potassium salts may be indicated (e.g. 0.1 g/kg bwt/day
potassium chloride). Phosphate can be supplemented through
the inclusion of phosphorous-rich bran, mineral dense alfalfa
hay or calcium/sodium phosphate. The provision of small
quantities of high quality forage at regular intervals (every 4 h)
is initially recommended, not exceeding 75% of estimated
maintenance energy requirements. Most recommendations
suggest alfalfa hay for its low glycaemic index and higher
phosphorous, magnesium and protein content (Witham and
Stull 1998; Johns 2014). Alternatives include leafy grass hays
(early cut) with a balancer for protein, vitamin and mineral
supplementation (Argo 2013). Thiamine supplementation has
also been recommended (Johns 2014), particularly as the
thiamine content of forage is significantly lower than that in
cereal grains. Oral supplementation (1000 mg/day) can be
achieved with commercial powder or paste formulations6 or
the addition of supplements with a high thiamine content (e.g.
brewers’ yeast). Alternatively, supplementation can be
achieved by the parenteral route through vitamin B1 or
multivitamin injections. Concentrates can then be
reintroduced gradually when an appropriate insulin response
has likely been re-established.

Conclusion

There are a variety of means by which nutritional support can
be provided to the dysphagic horse, the principal aims of
which are to supply sufficient energy and protein
requirements until such time as these are met by voluntary
feed intake. Selection of the most appropriate method of
nutritional support relies upon consideration of a variety of
factors, including the underlying clinical disease, duration of
any preceding malnutrition, body condition of the case,
health and function of the intestinal tract, available finances
and anticipated duration over which nutritional support will
be required.
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What is the most effective way to perform intravenous
regional perfusion?
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Clinical scenarios and question refinement
Treatment of orthopaedic infections such as septic arthritis,
osteomyelitis, and soft-tissue infections associated with trauma
or surgery can be challenging for the veterinary practitioner. In
the current economic climate there is also the underlying
pressure of trying to balance effective treatment with cost
efficiency.

Intravenous regional perfusion (IRP) has become a widely
used treatment modality in these cases, as it can provide high
concentrations of antibiotics to the affected area while
limiting systemic side effects and costs. Intravenous regional
perfusion consists of an injection of antibiotic into a limb vein of
a standing, sedated horse, while the blood flow to the limb is
interrupted for approximately 30 minutes by application of a
tourniquet. Due to the interrupted blood flow, the antibiotic
can concentrate in the tissues of the limb. A number of studies
(Errico et al. 2008; Beccar-Varela et al. 2011) have
demonstrated that high concentrations of antibiotics can be
achieved in target tissues using this technique.

It is generally believed that IRP is associated with improved
outcomes, although this belief may be based on anecdotal
evidence and some retrospective studies (Whitehair et al.
1992; Rubio-Martinez and Cruz 2006; Rubio-Martinez et al.
2012) rather than on any case–controlled clinical trials. So,
then the question that remains for the veterinary practitioner is
how do I best perform the technique?

There would seem to be little in the literature to guide the
practitioner on the practicalities of performing IRP. In an effort
to be concise, the following 2 technical questions will be
examined here:

1. What it the most effective type of tourniquet to use for IRP?
2. What perfusate volume should be used in IRP?

Search strategy
A literature search, using PubMed/Medline and
Commonwealth Agricultural Bureau of studies relating to the
use of intravenous regional perfusion in the horse was
conducted. Proceedings of conferences of the American
Association of Equine Practitioners, the American College of
Veterinary Surgeons, the British Equine Veterinary Association
and the European College of Veterinary Surgeons were also
searched. Hand searching of references in all articles
identified in the initial database search was conducted.

Quantity of evidence
While the initial search showed up a number of publications
relating to the use of IRP in horses (13 experimental studies, 10
review or ‘How-to’ articles/summaries), screening of the

search results for relevance to the 2 clinical questions showed
very few were applicable.

1. Tourniquet type? Two experimental studies have
compared the effectiveness of different tourniquet types
for IRP in horses (Levine et al. 2010; Alkabes et al. 2011).

2. Perfusate volume? One experimental study (Hyde et al.
2013) looked at the influence of perfusate volume on
synovial antibiotic concentrations following IRP in horses.

Quality of evidence

1. Tourniquet type? The studies of Levine et al. (2010) and
Alkabes et al. (2011) were found to be directly relevant to
the question, and scored positively when assessed using a
previously described evidence score sheet (Anon 2003).

2. Perfusate volume? The study of Hyde et al. (2013) was
found to be directly relevant to the clinical question, and
also scored positively.

It should be noted that in all the above studies, healthy
horses were used, and that no randomised, blinded
prospective studies exist using clinical cases. A recognised
limitation of experimental studies is that they don’t account for
the presence of inflammation and infection, which could alter
the effectiveness of the technique in a clinical setting.

Conclusions and clinical message
This analysis of the literature has shown that there is a lack of
studies looking at how best to effectively perform IRP in horses.
This scarcity of information, and the variations in design of the
studies that do exist, make it difficult to set hard and fast rules.
However, a few recent equine studies have provided us with
some evidence to guide how we use IRP.

With regard to tourniquet selection – the best evidence
available suggests that wider tourniquets can be regarded as
preferable to narrower (Levine et al. 2010). The Esmarch
bandage has been shown to be as effective, or even more so,
than the more cumbersome pneumatic types (Levine et al.
2010; Alkabes et al. 2011).

Regarding perfusate volume, the results of the study of
Hyde et al. (2013) gives some evidence that lower perfusate
volumes can give effective antimicrobial concentrations, and
suggest that using lower volume perfusates may reduce the
risk of losing antimicrobial through tourniquet leakage.

Clearly, further studies are required to refine this useful
technique.
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