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Drug compounding for animals

The United States Government Accountability Office 
(GAO), the independent, nonpartisan agency that works 
for Congress and investigates how the federal government 
spends taxpayer dollars, recently released its report on 
drug compounding for animals. The report examines the 
benefits and risks of drug compounding for animals, the 
extent of drug compounding for animals, and the Food 
and Drug Administration’s (FDA) approach to regulating 
these drugs. 

Highlights and recommendations from the report follow. 
The complete report is accessible at www.gao.gov/
assets/680/672748.pdf.  

What GAO found
Drugs compounded for animals offer certain medical 
benefits but also pose risks of causing harm or being inef-
fective. Specifically, drugs compounded for animals can 
serve as treatment options when no suitable drug 
approved by the FDA is available. For example, no FDA-
approved drugs exist to treat megacolon—a potentially 
lethal form of constipation—in cats, so veterinarians rely 
on a compounded drug for treatment. Drugs compounded 
for animals can also pose risks of serious harm or may be 
ineffective if they contain too much or too little of an 
active ingredient, according to scientific studies and 
veterinary experts. However, FDA has acknowledged that 
it is not practical for the agency to approve each drug 
compounded for every animal that requires one; as a 
result, these drugs are not reviewed for safety and effec-
tiveness. In addition, because states have primarily 
exercised responsibility for pharmacies that compound 
drugs for animals, the states and not FDA generally review 
pharmacy compounding processes.

The extent to which drugs are compounded for animals is 
unknown because the information FDA and states collect 
is not aggregated or comprehensive for various reasons. 
First, unlike animal drug manufacturers, drug compound-
ing pharmacies do not have to register with FDA. Second, 
although FDA and states try to share information about 
drug compounding pharmacies with each other, due to 
some states’ privacy and confidentiality laws this informa-
tion sharing is impacted. For example, FDA officials told 
GAO that some states are unable to share information 
about the results of their pharmacy inspections with FDA 
because of their states’ privacy laws. Finally, FDA does not 
know the extent to which compounded drugs are 
associated with adverse events, in part because the form 
used to voluntarily report such events does not ask if a 
compounded drug was involved. Federal standards for 
internal control state that agencies are to obtain informa-
tion from stakeholders that may have a significant impact 

on achieving its goals. By not asking for compounded drug 
information on its reporting form, FDA is missing an 
opportunity to inform its enforcement actions regarding 
animal drug compounding.

FDA does not currently have final guidance directing its 
regulatory approach on drug compounding for animals 
and has not consistently documented the bases for the 
actions it has taken to regulate such compounding in the 
past. Until May 2015, FDA had guidance to direct its 
regulation of drug compounding for animals—in the form 
of Compliance Policy Guidelines. In May 2015, FDA 
withdrew these guidelines because they did not reflect 
FDA’s current thinking on the issues and has not yet 
replaced it. This lack of guidance is inconsistent with 
federal internal control standards and raises concerns as to 
how FDA staff will make consistent decisions on enforcing 
animal drug compounding regulations in the future. 
Moreover, with regard to the actions FDA has taken 
against pharmacies compounding drugs for animals from 
bulk active pharmaceutical ingredients, the agency has not 
consistently documented how or whether it followed up 
on these actions. This lack of consistent documentation is 
also not in accordance with federal internal control 
standards, and without complete and consistent documen-
tation of its actions, FDA cannot ensure that its regulatory 
approach is being applied consistently.

With the withdrawal of the compliance policy guidelines 
and to help address the concerns and needs of the 
veterinary community with regards to compounding, the 
FDA published a draft Guidance for Industry document, 
which was available for comment earlier this year. The 
AAEP, AVMA, other allied organizations, interested parties 
and veterinary practitioners provided comments to the 
FDA regarding this important guidance information.

FDA could improve oversight with better information and guidance

continued on page IV

http://www.gao.gov/assets/680/672748.pdf
http://www.gao.gov/assets/680/672748.pdf
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Practitioners from Montana, New Jersey to join AAEP board

Following a month-long vote that concluded Sept. 15, 
Amy Grice, VMD, MBA, and Dan Keenan, DVM, have 
been elected by the AAEP membership to three-year terms 
on the board of directors. Each will be installed during the 
Dec. 8 President’s Luncheon at the 61st Annual 
Convention in Las Vegas, Nev.

Amy Grice, VMD, MBA
Dr. Grice retired in 2015 as 
managing partner of Rhinebeck 
Equine in Rhinebeck, N.Y., to open 
a veterinary consulting practice in 
Virginia City, Mont., focused on 
helping veterinarians navigate an 
increasingly challenging practice 
environment to lead more satisfying 
and successful lives.

Upon receiving her veterinary 
degree from the University of 

Pennsylvania in 1990, Dr. Grice joined Rhinebeck Equine 
as an equine-exclusive ambulatory practitioner. She 
became a partner in the practice in 1996. In the ensuing 
years, the practice expanded from a four-doctor 
ambulatory practice to a 13-doctor referral hospital with 
an ambulatory division.

An AAEP member since 1990, Dr. Grice serves on the 
Educational Programs Committee and AAEP Foundation 
Advisory Council. She previously served on the Leadership 
Development, Nominating and Owner Education 

committees. In addition, she served on the Hudson Valley 
Veterinary Medical Association board of directors and the 
Marist College Premedical Advisory Committee.

Dan Keenan, DVM
Dr. Keenan owns Foundation 
Equine Wellness and Performance 
in Crosswicks, N.J., a three-doctor 
equine-exclusive ambulatory 
practice serving central New Jersey 
and lower Bucks County, Penn.

After receiving his veterinary degree 
from Cornell University in 1984, 
Dr. Keenan joined Walnridge 
Equine Clinic in Cream Ridge, N.J. 

He started his own practice in 1988 and, in 2004, merged 
practices with Dr. Ron McAlister to form Keenan 
McAlister Equine, the forerunner of Foundation Equine 
Wellness and Performance.

An AAEP member since 1986, Dr. Keenan serves on the 
Leadership Development Committee. He previously served 
on both the Educational Programs and Ethics and 
Professional Conduct committees, as facilitator of the 
Practice Management Forum and as moderator of the 
Business Education Rounds. His longtime involvement in 
organized veterinary medicine and the horse industry 
within New Jersey includes terms as president of the New 
Jersey Association of Equine Practitioners and vice 
president of the New Jersey Horse Council.

Drug compounding for animals, continued

Recommendations for executive action
To help ensure that FDA has relevant and timely informa-
tion to support management decisions, including the 
critical information necessary to ensure the safety and 
effectiveness of drugs compounded for animals, the 
Secretary of Health and Human Services should direct the 
Commissioner of the FDA to 

1. modify the voluntary reporting form FDA uses to 
obtain information on adverse events to ask whether 
drugs involved in adverse events were compounded,

2. develop policy or guidance for agency staff that 
specifies circumstances under which FDA will or will 
not enforce compounding regulations for animals 
and clearly define key terms, and

3. consistently document the bases for FDA’s decisions 
about how or whether it followed up on warning 

letters, adverse event reports, and complaints about 
drug compounding for animals.

These recommendations from the GAO report are 
consistent with a number of the items included in the draft 
Guidance for Industry document, accessible at http://
tinyurl.com/fdagfi. The draft guidance document includes 
additional information that is important to practitioners, 
pharmacists and entities involved in providing these 
products. Veterinarians are encouraged to review both the 
GAO report and the draft Guidance for Industry 
document to learn more about this important issue, the 
future availability of these products and the FDA’s 
thoughts and positions on how they will approach the 
oversight of these compounds.

AAEP members can access additional drug compounding 
resources through the “Drug Compounding” tab at www.
aaep.org/info/guidelines.

Dr. Amy Grice 

Dr. Dan Keenan

http://www.tinyurl.com/fdagfi
http://www.aaep.org/info/guidelines
http://www.tinyurl.com/fdagfi
http://www.aaep.org/info/guidelines
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A full house of education and enter-
tainment is in the cards at the AAEP’s 
61st Annual Convention, Dec. 5-9 in 
Las Vegas, Nev. It’s not too late to push 
all in on 135 hours of CE offerings, 
daily social and networking events,  
and distinct entertainment you’ll only 
find in Vegas.

Although the early registration deadline has passed, you 
can register for the meeting on site at the Mandalay Bay 
Convention Center beginning Friday, Dec. 4 at 3:00 p.m. 
At check in, you will receive the 2015 AAEP Proceedings, 
the valuable compilation of all the papers being presented 
during the convention that is otherwise mailed to AAEP 
members in January.

Following daily educational and networking events, enjoy 
dining options to please any palette and world-class enter-
tainment, including one-of-a-kind shows, along the iconic 
Las Vegas Strip. Or try your luck at the slots and table 
games, or embrace your own path in the “Entertainment 
Capital of the World.”

To view the complete educational program and schedule 
of networking and social events, visit www.aaep.org/info/
annual-convention.

If you are unable to join us in Las Vegas, follow along 
through e-mail and social media. Check your inbox each 
evening for news, recaps and more in the Convention 
E-Daily; “like” the convention on Facebook by searching 
“AAEP 61st Annual Convention”; and join the discussion 
on Twitter by following @AAEPCE and using the hashtag 
#AAEPVEGAS.

Invest in practice success, revel in surroundings at Vegas convention 
On-site registration available at Mandalay Bay Convention Center

Embrace your inner tourist in the Entertainment Capital of 
the World during the 61st Annual Convention.
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The 2016 AAEP Horse Sense Calendar makes an ideal 
gift to express your appreciation to clients. If you haven’t 
already ordered your 2016 calendars, there are multiple 
ways to do so. 

Although the Nov. 1 order 
deadline to guarantee 
holiday delivery has 
passed, you may still order 
online at http://tinyurl.
com/mjmly4h or by 
contacting Pam Shook, 
Foundation programs coordinator, at pshook@aaep.org 
or (859) 233-0147. Calendars are customized to include 
your practice’s contact information and also include 
anatomical diagrams, normal vital signs and a chart on 
the back cover to keep track of important health dates.

If you are planning to attend the AAEP’s 61st Annual 
Convention in Las Vegas, calendars will be available for 
purchase at the AAEP Foundation booth in the trade show. 

Calendars purchased at the convention will be shipped 
within two weeks in order to arrive just before the holidays.

Regardless of how you acquire your calendars, a generous 
portion of every order is earmarked to the AAEP 
Foundation and invested in projects and programs that 
benefit the welfare of the horse. 

Reward your clients with a gift of the 2016 AAEP calendar
Calendars may be ordered online or on-site at convention

http://www.aaep.org/info/annual-convention
mailto:pshook@aaep.org
http://www.aaep.org/info/annual-convention
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Tens of thousands of newcomers were introduced to a 
horse experience over the summer during the second 
annual Time to Ride Challenge, which offered an oppor-
tunity for stables, clubs and equine businesses to host 
beginner-friendly horse experiences and potentially share 
in cash and prizes.

Among the hundreds of events held across the United 
States between May 30 and Sept. 30 were a series of day 
camps jointly coordinated and hosted by Dreamcatcher 
Horse Ranch and Rescue and AAEP member Dr. Erin 
Denney-Jones, owner of Florida Equine Veterinary 
Services in Clermont, Fla. Dr. Jones’ involvement added a 
veterinary and scientific twist to the riding and grooming 
opportunities available from the stable located four miles 
from her practice.

At Dr. Jones’ practice, children were divided into two 
groups by age, with the younger campers focused largely 
on games and the older campers focused more on educa-
tional activities. Dr. Jones and her equine therapist on staff 
explained the various parts of the horse using a full-sized 
skeleton; provided hands-on instruction on how to wrap a 
leg using a small blind pony; set up fecal tests whereby 
campers could look through a microscope for worms and 
eggs; and introduced them to the endoscopy unit.

“The day camps initiate a lot of kids into horses, and 
they also gain an idea of what we do as equine veterinari-
ans,” said Dr. Jones. “The kids now know how to 
bandage a leg if there’s an injury; they understand the 
importance of dentistry as a component of total 
healthcare; and each received a take-home packet of 
general medicine tips.”

Although final figures for this year’s challenge were not 
available at press time, Time to Ride expects a healthy 

increase over 2014 in the number of beginner-friendly 
horse experiences.

“As of September 25, over 29,000 newcomers have been 
introduced to horses through Challenge-hosted horse 
experiences, and we expect a 35-40% increase over 
2014’s total once the final results are tallied,” said Patti 
Colbert, Time to Ride spokesperson. “Time to Ride is 
dedicated to helping these stables turn new horse enthusi-
asts into committed students, riders, and eventually horse 
owners and active participants in our industry.”

Time to Ride is an initiative of the American Horse 
Council’s marketing alliance, of which the AAEP is 
among 20 members, to address the long-term growth of 
the horse industry by connecting parents with family-
friendly horse activities in their area. For more informa-
tion, visit www.timetoride.com.

AAEP member adds veterinary twist to beginner horse experiences

Time to Ride day camps introduce central Florida youth to horses

Day campers at Florida Equine Veterinary Services prepare 
to learn about the different parts of the horse using a 
full-sized skeleton.
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Volunteer your expertise for 2016 ‘Ask the Vet’ online forum

The AAEP is assembling next year’s lineup of DVM experts for its monthly Ask the Vet forum and 
has slots open during the second half of 2016. 

Ask the Vet is an online forum in which horse owners submit questions to the specific month’s 
expert on a particular subject or topic in veterinary medicine. Each month’s Q&A is archived 
within the Owners’ section of www.aaep.org.

If you are interested in volunteering your expertise, please contact Dana Kirkland, sponsorship and 
advertising coordinator, at dkirkland@aaep.org.

http://www.timetoride.com
http://www.aaep.org
mailto:dkirkland@aaep.org
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The horse has contributed much joy and fulfillment to 
the life of Dr. Benjamin Franklin, Jr., so when it came 
time to look at estate planning, it was only natural to 
want to give back in support of the welfare of the horse. 
He did so by pledging a portion of his estate to the AAEP 
Foundation and, in so doing, becoming a member of the 
Legacy Society. Dr. Franklin recently discussed his 
bequest, which was cemented by the fact that the entirety 
of every gift to the Foundation is invested in projects and 
programs that benefit the horse.

Describe the important role horses have played in your life?
My only personal experience with horses has been brief 
ownership of a few breeding stock. As with many my age, 
I came from a poor family. Becoming a veterinarian who 
worked on horses has provided many blessings, including 
a comfortable life and retirement, a wealth of friends and 
acquaintances, wonderful partners in business and a sense 
of having contributed to the welfare of a species I love.

Is there an important moment, person or special reason 
connected with AAEP that may have influenced your 
decision to include the AAEP Foundation in your estate 
plans?
I served on the initial Foundation Committee and was 
president when we had our first long-range planning 
session for the Foundation. When we decided that 100% 
of the money received would go to the efforts to help 
horses, in many ways I knew that a portion of my estate 
would reside in the Foundation.

When you think of the AAEP Foundation, what key 
words or phrases come to your mind?
Diversity of support, prioritizing of need and caring.

From your perspective, how has the work of the AAEP 
Foundation influenced the welfare of the horse?
The welfare of horses is obtained through many avenues. 
Some of the avenues are direct and some are indirect. 

Research, education and indirect support for those who 
care for horses are truly influences on the welfare of 
horses. Through the diversified support of these entities, 
horses enjoy better care and health. Direct assistance 
through vaccines and nutrition are more obvious but not 
more important. 

What legacy do you hope to leave through your estate gift?
By making the gift along with others, it will stimulate 
those who have gained from their work on horses  
to perpetuate a sense of giving back to that great  
animal’s welfare.

What advice would you like to share with other AAEP 
members about this?
If you believe in a cause, find the way to support that 
cause in whatever way is comfortable. The AAEP 
Foundation is a cause to believe in.

Legacy gift repays the horse for life’s blessings

Dr. Benjamin Franklin, Jr.

Legacy Society Members

Dr. Kathleen M. Anderson
Carolyn Anderson-Meadows
David T. & Jodie K. Bingham
Dr. Jerry B. & Melinda Black
Dr. Stuart E. Brown
Dr. R. Reynolds & Evie Cowles
Dr. Ann E. Dwyer
Dr. Leslie A. Easterwood
Dr. Benjamin Franklin, Jr. 
Dr. Brendan W. Furlong
Leslie R. & Dr. Kathleen  

‘Casey’ Gonda

Dr. Michelle M. LeBlanc*
Dr. Midge Leitch*
Drs. Tom R. & Erin Lenz
Drs. C. Wayne McIlwraith & 

Nancy L. Goodman
Dr. John S. Mitchell
Dr. William A. Moyer
Drs. Nathaniel A. White &  

Leslie Sinn

*Deceased

Interested in joining the Legacy Society?

Contact Jodie Bingham, Foundation development 
coordinator, at (859) 233-0147 or jbingham@
aaep.org for additional information; or visit 
www.aaepfoundation.org. 

mailto:jbingham@aaep.org
http://www.aaepfoundation.org
mailto:jbingham@aaep.org
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AAEP members take reins of Iowa VMA 

AAEP members Dr. Jennifer Schleining and Dr. Mitch Hiscocks were installed 
as president and vice president, respectively, of the Iowa Veterinary Medical 
Association at its annual meeting in Ames on Sept. 18.

Dr. Schleining is associate professor within the Department of Veterinary 
Diagnostic and Production Animal Medicine at the Iowa State University 
College of Veterinary Medicine. She received her veterinary degree from Iowa 
State in 2001 and previously served on the AAEP’s Equine Welfare Committee. 

Dr. Hiscocks, a 1989 graduate of Iowa State, is a partner at Carroll Veterinary Clinic in Carroll, Iowa. He will succeed 
Dr. Schleining as president of the association at the conclusion of their current one-year terms. 

Legislative and scope of practice help needed from members  
If you are a member of your State/Provincial Veterinary Medical Association and are willing to serve as a liaison for  
the AAEP regarding legislative, regulatory and scope of practice equine issues, we want to hear from you. We welcome 
members from all states and provinces in preparations for legislative sessions that in many states will start in January.  
To learn more, contact Keith Kleine at kkleine@aaep.org or (800) 443-0177.

Members in the News

Dr. Mitch 
Hiscocks 

Dr. Jennifer  
Schleining

Touch Point: Register in the Find a Veterinary Dental Practitioner database

AAEP market research 
indicates that 26% of 
owners use someone other 
than a veterinarian to 
provide dental care to their 
horses. If you provide 
dental care as one of your 
service offerings to clients, 

join the AAEP’s new online search engine, Find a Veterinary 
Dental Practitioner. 

Similar to AAEP’s popular Get-A-DVM service, this 
searchable database allows horse owners to find a veterinari-
an who provides dental services in a specific geographic area. 
The goal of the database is to supply the names and contact 
information of AAEP members who provide dental services 
themselves or have another veterinarian in their practice who 
provides these services, not to include practices where dental 
care is performed by or referred to a non-veterinarian.

Ready to get started? Simply log in to the AAEP website and 
click on “Update Member/Get A DVM” on your AAEP 
Dashboard. Then click on the “Practice Information” tab 

and you’ll find a list of opt-in services that you can agree to 
participate in. Be sure to click on the “Edit” button next to 
that section in order to select “Yes” for the Veterinary Dental 
Practitioner database.

The database is available at touch.aaep.org as well as within 
the Horse Owner section of aaep.org.

mailto:kkleine@aaep.org
http://touch.aaep.org
http://www.aaep.org


Amer ican  Assoc iat ion  o f  Equ ine  Pract i t ioners

18th ANNUAL RESORT SYMPOSIUM
January 25-27, 2016 

  Hilton Barbados   |   Bridgetown, Barbados 

Expand your clinical knowledge and enjoy a 

little slice of heaven this January in Barbados!

Immerse yourself in sun, sand and science during the AAEP’s 

18th Annual Resort Symposium, Jan. 25-27, 2016. Join the 

experts for three days of interactive educational sessions:  

 Dentistry with Dr. Travis Henry

 Foal Medicine with Dr. Phoebe Smith

 Performance Horse Lameness with Dr. Michael Ross

For more information or to register, visit 
www.aaep.org/info/resort-symposium

Sponsored by

http://www.aaep.org/info/resort-symposium
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AAEP Educational Partner Profile: Nutramax Laboratories Veterinary Sciences, Inc. 

Nutramax Laboratories Veterinary Sciences, Inc., trusted by veterinarians and consumers for over 20 years, has 
demonstrated our dedication to you, your clients and your patients through our educational partnership with the 
American Association of Equine Practitioners. Cosequin®, our brand of joint health supplements, has been the No. 1 
veterinarian-recommended brand for more than 10 years.*

At Nutramax Laboratories, Inc. we believe that products should be supported by 
research to ensure the best results for you and your patients. Our commitment 
is shown in our investigations into mechanisms of action for our product 
ingredients and our support of studies evaluating efficacy, bioavailability and 
safety at leading veterinary schools. We stand by the quality of our products and 

manufacture them following standards similar to those practiced by the U.S. pharmaceutical industry. Every lot of our 
products produced is tested by our quality control department to ensure your patients receive a safe, high-quality product 
containing the amounts of ingredients claimed on the label.

Developing products to improve the quality of life for your patients is our goal. Cosequin* and Dasuquin®  joint 
health supplements are the No. 1 veterinarian-recommended brands for equine and small animal patients, respectively. 
Proviable®-EQ is a probiotic digestive aid containing Saccharomyces yeast species to support normal gastrointestinal 
health and function. Welactin® Equine is an omega-3 fatty acid fish oil supplement going beyond skin and coat to support 
overall health and wellness. 

To learn more about our products or to request Cosequin or Dasuquin rebate pads, contact Nutramax Laboratories at 
(888) 886-6442 or visit nutramaxlabs.com.

* Source: Survey conducted in February 2014 of equine veterinarians who recommended oral joint health supplements.
 Source: Among veterinary brands. Survey conducted in February 2014 of small animal veterinarians who recommended oral joint health supplements.

The AAEP welcomes new members and congratulates recent graduates

New Members:
Rafael Alfonzo, DVM, Micanopy, FL
Lisa Burney, DVM, Pipe Creek, TX
Kelsey Daroca, DVM, Milton, FL
Diego De Gasperi, DVM, Madison, WI
Frank Edwards, DVM, Smithfield, VA
Mark L. Fagan, MVB, Co Westmeath, Ireland
Dustin R. Galbraith, DVM, Rainier, OR
Hector Gonzalez, DVM, Bakersfield, CA
Kristine Haroldson, DVM, Casselton, ND
Maria Bernarda Hinojosa Lopez, DVM, Wageningen, 

Netherlands
Scotty Howell, DVM, Trenton, TN
Isabelle Kilcoyne, DVM, Davis, CA
Caroline Leeth, DVM, Blacksburg, VA
Elizabeth M. Maybach, DVM, Florissant, CO
Lauren Meiers, DVM
Stefanie Nickerson, DVM, Woodbridge, ON, Canada
Byron Norton, DVM, Allen, TX
DV ParkerGeurtsen, DVM, Rodman, NY
Marcia T. Ramos, DVM, Rio De Janeiro, Brazil
September Sammons, DVM, Rocky Ford, CO
Aubrey Edward Sloan, DVM, Santa Paula, CA
Alisa Stejskal, DVM, Hudson, WI

Debra Tibbitts, DVM, Queen Creek, AZ
Els Van Den Berg, DVM, Utrecht, Germany
Lacey Werczynski, DVM, Bossier City, LA
Kimberly S.B. Yore, DVM, Joint Base Lewis-McChord, WA

Recent graduates:
Jessica Anderson, DVM, Temecula, CA
Amy Berry, DVM, Burns, WY
Jacquelyn Beyerlein, DVM, Simpsonville, KY
Elisabeth D’Agosto, DVM, Simsbury, CT
Lisa Ann Edwards, DVM, Gainesville, FL
Jessica Fox, DVM, Marshall, MN
Angela Gaesser, DVM, Thompson’s Station, TN
Kristine Haroldson, DVM, Casselton, ND
Sarah Low, DVM, Blacksburg, VA
Drake Martin, DVM, Forrest City, AR
Danielle McLendon, DVM, Basehor, KS
Jenna Mollman, DVM, Orlando, FL
Byron Norton, DVM, Allen, TX
Kathleen Pendleton, DVM, Thackerville, OK
Lindsey Porubovich, DVM, Bonsall, CA
September Sammons, DVM, Rocky Ford, CO
Alisa Stejskal, DVM, Hudson, WI
Kathleen Weatherall, VMD, Kennett Square, PA

http://www.nutramaxlabs.com
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Avid horsewoman and equine philanthropist Penny Knight 
of Hillsboro, Ore., recently created the Coyote Rock 
Ranch Veterinary Scholarship. The program will reward 
two veterinary students intent on a career with an equine-
focused veterinary practice with $75,000 scholarships to 
be applied toward their final year of veterinary school. 

The scholarship program is managed by the American 
Quarter Horse Foundation. Applicants must be enrolled 
as a third-year veterinary student at an AVMA-accredited 
college of veterinary medicine in the U.S. or Canada 
whose studies are equine focused. A minimum cumulative 
grade point average of 3.0 is required.

Preference will be given to students with American 
Quarter Horse involvement. Students with significant 
equine involvement or experience with other breeds or 
disciplines are also encouraged to apply.

The application deadline is Dec. 1, 2015. Visit http://
tinyurl.com/aqha16s to download the AQHA’s 2016 
Scholarship Guidelines and Scholarship Application.

All application materials must be mailed to: American 
Quarter Horse Foundation Scholarship Program, 2601 
East Interstate 40, Amarillo, TX 79104.

Questions should be directed to the AQHA Foundation’s 
programs office at (806) 378-5034 or LOwens@aqha.org.

Third-year students: Apply for Coyote Rock Ranch Veterinary Scholarship

Two $75,000 scholarships to be awarded to equine-focused students

The AAEP will publish its 2016 Resource Guide and Membership Directory during the 
first quarter of 2016. Ensure the accuracy of your listing by taking a minute to review your 
membership record online.

To view your current information and make changes, simply log into www.aaep.org and 
click “Go” in the box entitled “Update Member/Get-A-DVM Info.” When reviewing or 
editing your general and practice information, don’t forget to update your specialties, if 
necessary, as the directory now includes a handy section that lists members by board-certi-
fied specialty. 

Concurrently, you can also “go green” by checking the box to opt out of receiving a print 
copy of the directory in favor of accessing an electronic version of the publication. Similar 
opt-out options are available for Equine Veterinary Education and the convention 
Proceedings. Each of these publications is accessible through the AAEP website and the 
AAEP Publications App, generally before the print copy is in the mail. Search “AAEP 
Publications” at the App Store or Google Play to download the free app.

Ensuring the accuracy of your membership record now will enable the AAEP to produce 
the 2016 Resource Guide and Membership Directory as accurately and efficiently as 
possible. If you have any questions, please contact the AAEP at office@aaep.org or (859) 
233-0147.

Ensure your listing is accurate in the 2016 membership directory 

Self-report board-certified specialties, update delivery options

http://www.tinyurl.com/aqha16s
mailto:LOwens@aqha.org
http://www.aaep.org
mailto:office@aaep.org
http://www.tinyurl.com/aqha16s
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AAEP Meetings and Continuing Education

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

Membership Benefits

December 5-9, 2015

61st Annual Convention
Las Vegas, Nevada

January 25-27, 2016

18th Annual Resort Symposium
Hilton Barbados
Bridgetown, Barbados

Merge education and vacation at AAEP’s Resort Symposium

“The Resort Symposium is one of the AAEP’s best-kept secrets. Its location in a beautiful 
resort area allows learning opportunities mixed with fun. The meeting is personal and inter-
active, providing maximal opportunity for one-on-one conversations with presenters and 
fellow practitioners. I have gained many friendships at this meeting with colleagues from 
whom I can get advice and consult about management of challenging cases. While the 
annual convention provides the broad range of CE that I am looking for every year, the 
Resort Symposium offers additional CE on more specific topics that complement my 
learning experiences.” —Margo Macpherson, DVM, MS, DACT, Micanopy, Fla.

The AAEP’s annual Resort Symposium mixes sun, sand and science into a unique CE 
meeting experience. Half-day educational sessions are accompanied by optional afternoon 
group activities to build camaraderie and experience the natural beauty of the meeting’s 
tropical location.

The 18th Annual Resort Symposium will be held in Barbados, Jan. 25-27, 2016. Sessions will focus on dentistry, with 
Dr. Travis Henry; foal medicine, with Dr. Phoebe Smith; and performance horse lameness, with Dr. Michael Ross.

To view the complete educational program or to register for the meeting, visit www.aaep.org/info/resort-symposium. 
The registration deadline is Jan. 4, 2016.

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

Dr. Margo Macpherson

AAEP group purchasing program qualifies your practice for substantial savings

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

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

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

membership benefit, contact  
Nick Altwies, membership services 

coordinator, at naltwies@aaep.org.

http://www.aaep.org
http://www.aaep.org/info/resort-symposium
http://www.theveterinaryclub.com
mailto:naltwies@aaep.org


 
“The fastest growing sports medicine association in the world” 

Professor Jean-Marie Denoix 
President, ISELP 

Contact ISELP at iselp.org for Registration 

Our World-Wide 2016 Calendar of Events 
December 5 – Las Vegas – Wet Lab 
March 25 – 27 – Texas Three Day Module – Foot & Pastern 
April 7 – 9 – England – Three Day Module - Hock and Crus 
May 19 – 21 – California – Three Day Module - Neck and Back 
July 1 – 3 – Italy – Three Day Module – Pelvis 
August 26 – 28 – Kentucky – Three Day Module – Stifle and Thigh 
September 16 – 18 – Holland – Three Day Module – Shoulder and Elbow 
October 21 – 23 – Connecticut – New Horizon Special Three Day Module 
October 26 – 27 – France – Advanced Course  
October 28 -30 – France – Three Day Module – Proximal Suspensory to Distal Hind limb 
December 17 – France – ISELP Certification Examination 

http://www.iselp.org


purified to remove unnecessary proteins.
diversified to remove unnecessary hassles.

Vetera® vaccines are designed for ease of use and administration, and are updated  

to include the diseases most likely to infect horses today. Our exclusive Ultrafil®  

Purification Technology removes unnecessary proteins that may contribute to  

injection site reactions. Protection has never gone this smoothly.

Visit vetera-vaccines.com to see the complete line of products.

pure & simple.

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

http://www.vetera-vaccines.com


Highlights of recent clinically relevant papers

Atypical myopathy and sycamore seeds

In this study, Aleksandra _Zuraw and colleagues in Germany
investigated the link between atypical myopathy caused by
hypoglycin A intoxication associated with ingestion of
sycamore maple tree seeds

Post mortem examination was performed on a 2-year-old
filly that died following clinical signs of atypical myopathy within
36 h of ingestion of sycamore. Remnants of sycamore seeds
were found in the horse’s stomach. The intercostal, deltoideous
and trapezius muscles contained multifocal discoloured areas
which on histopathological examination were shown to have
the appearance of a severe, acute rhabdomyolysis. There was
extensive accumulation of intracellular lipid droplets in
affected muscle groups, confirming the presence of a severe
lipid-associated myopathy. Serum creatine kinase (CK)
measured after death was around 4 times as high as CK
activity measured at the same time point in control cases.

Hypoglycin A (HGA) is the toxin found in sycamore seeds
that has been implicated in atypical myopathy. Using rapid
ultra-performance liquid chromatography-tandem mass
spectrometry, conjugates of HGA’s active metabolite,
methylene-cyclopropyl-acetyl-coenzyme A (MCPA) were
detected in both blood and urine of the affected horse.
When considered alongside the presence of sycamore seed
remnants in the horse’s stomach at post mortem, this supports
a causal link between hypoglycin A in ingested sycamore
seeds and the pathogenesis of atypical myopathy.

This case report provides further evidence to strengthen
the hypothesised causal link between ingestion of sycamore
seeds containing hypoglycin A toxin and atypical myopathy.

Negative impact of equine recurrent uveitis

This retrospective study by Joseph Gerding and Brian Gilger
from North Carolina State University, USA, aimed to further
describe associated factors, prognosis and impact of equine
recurrent uveitis (ERU).

As well as reviewing the medical records, information
was collected from owners in a questionnaire. Of 224 horses
(338 affected eyes) with ERU admitted to hospital in the
period 1999–2014, Appaloosas and Warmbloods were over-
represented, with Appaloosas significantly more likely to be
blind in one or both eyes following diagnosis. Geldings were
also over-represented, although sex was not found to affect
outcome, and neither was age at presentation.

At presentation, 67.5% of horses had ERU affecting both
eyes; this proportion was greater in Appaloosas (87%). Of all
eyes examined, 28.4% had lost all vision, and 7.6% of horses
presented were blind in both eyes. The small proportion (4.7%)
of cases with trauma as the inciting cause of the ERU were
more likely to be blind when first examined and significantly
less likely to return to their previous use. Horses with increased
intra-ocular pressure (11.2%) were significantly more likely to be
blind at presentation, blind at follow-up and to have an
enucleation performed. Approximately half of horses had
clinically significant cataracts, and these horses were
significantly more likely to be blind at initial presentation or go
on to become blind. Horses with hyalitis were no more likely to
be blind at presentation than those without, but were more

likely to go on to become blind. They were also more likely to
have positive antibody titres in serum or aqueous humour to
Leptospira serovars. Of the horses tested for Leptospirosis, 45.5%
had a positive titre to one or more serovars in either serum or
aqueous humour. Of these, 42.4% were blind at initial
presentation and this group was also more likely to develop
blindness compared with Leptospira negative horses. Various
therapeutic procedures, including cyclosporine implantation
and glaucoma therapies were used, but in numbers too small
to determine their effect on outcome in this study. Enucleation
was performed in 12.1% of cases.

Regarding return to function, 70.6% of horses returned to the
same role they had prior to ERU, of which the majority (38.7%)
performed at the same level. Those which did not return to their
previous role were considered to be unable to adapt to vision
loss (35.1%), were euthanased shortly after diagnosis (22.8%),
underwent change of ownership (17.5%), retired (14%) or, in the
case of broodmares, were removed from breeding (10.5%).
Non-ocular complications were described by some owners,
such as colic (16.4%) and orthopaedic conditions (14.4%). In
terms of financial costs, a large majority (84.5%) of owners felt
that the economic value of their horse had decreased since
the ERU episode. The ranges for cost of diagnostic investigations
and veterinary treatments were $1000–3000 and $3000–5000,
respectively. Ultimately 14.9% of all horses in the study were
euthanased as a direct result of ERU.

Equine recurrent uveitis has a severe detrimental impact
on affected horses’ vision and the horses’ ability to return to
previous function. This results in large financial outlay for
owners and can result in non-ocular complications, rehoming
and euthanasia in some cases. The prognosis is poorer in
Appaloosas, and horses with positive Leptospira titres,
secondary glaucoma, cataracts and hyalitis. The over-
representation of geldings in this study has not been noted
previously and warrants further investigation.

Saline arthrography to improve MRI visualisation

Abnormalities of the deep digital flexor tendon (DDFT),
navicular bone, and collateral sesamoidean ligament (CSL)
can be difficult to visualise using magentic resonance imaging
(MRI) if bursal fluid is absent. The aim of this prospective
feasibility study by Shannon McGill and colleagues at the
University of Illinois, USA, was to to describe saline arthrography
of the distal interphalangeal joint as an alternative technique
for improving MRI visualisation of the DDFT, navicular bone, CSL
and podotrochlear bursa, and to compare this technique with
saline podotrochlear bursography.

Using 8 paired cadaver forelimbs, saline podotrochlear
bursography or saline arthrography techniques were randomly
assigned to one limb, with the alternate technique performed
on the contralateral limb. Visualisation of the dorsal aspect of
the DDFT, palmar aspect of the navicular bone, CSL and
podotrochlear bursa was scored by independent observers.
Both contrast techniques improved visualisation of structures
over precontrast MR images and visualisation scores for both
techniques were similar. These findings demonstrated that
saline arthrography is feasible and comparable to saline
podotrochlear bursography for producing podotrochlear

© 2015 EVJ Ltd
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bursa distension and separation of the structures of the
podotrochlear apparatus on non-weightbearing limbs
evaluated with low-field MRI. Further clinical evaluation of
saline arthrography on live animals is needed to determine
whether this technique is a safe and effective alternative to
saline podotrochlear bursography in horses with suspected
pathology of the podotrochlear apparatus.

Disinfection of the equine peripodal region

In this study, Jessica Johnson and colleagues in Ireland,
Canada and the USA, compared bacterial colonisation after
diluted iodine tincture or povidone iodine solution for
presurgical disinfection of the equine peripodal region.

Disinfection protocols using iodine tincture or povidone
iodine solutions were tested on 5 pairs of equine front feet.
Iodine tincture was applied to the left feet and povidone
iodine to the right feet. Fixed surfaces of the sole, frog, hoof
wall, and peripodal skin were swabbed pre-preparation (T0),
after a standard pre-disinfection step (T1), after short
disinfection with a 4-min application of 0.5% iodine tincture or
povidone iodine (T2), and after long disinfection with 12-h
soaking in 0.25% iodine tincture or povidone iodine (T3).
Quantitative bacteriology was performed on each swab.

At T0 the most contaminated sites were the frog and sole,
compared to hoof wall and skin. At T2 bacterial counts were
significantly decreased for both solutions. At T3 bacterial
counts did not change significantly with iodine tincture but
increased with povidone iodine compared to T2. Skin
abrasions were detected on almost all feet but were
subjectively more severe on iodine tincture-treated feet.

The authors do not recommend soaking for 12 h with either
iodine tincture or povidone iodine as both solutions damaged
the skin and bacterial recolonisation was noted with povidone
iodine. Four-minute disinfection using either iodine tincture or
povidone iodine (0.5% available iodine) is appropriate for
presurgical preparation of the equine peripodal region.

Treatment of Streptococcus equi infection

In this randomised, controlled field trial, Scott McClure and
colleagues in the USA evaluated the effectiveness of a novel
trimethoprim-sulfadiazine oral suspension for the treatment of
naturally acquired Streptococcus equi ssp. zooepidemicus
infection in 180 horses.

Horses with lower respiratory tract infections caused by
S. equi ssp. zooepidemicus were treated with a combined
trimethoprim-sulfadiazine oral suspension at a dosage of
24 mg/kg bwt twice daily for 10 days (treatment group) or with
an equivalent volume of saline (0.9% NaCl) solution (placebo
group). Horses were assessed twice daily for response to
treatment, including clinical signs and faecal consistency
scores, and any adverse effects were recorded. Clinical
response was the primary outcome variable; eradication of
S. equi ssp. zooepidemicus on study Day 17 as determined by
bacteriological culture of repeated transtracheal-wash
specimens was the secondary outcome variable.

A positive clinical response was observed in 58% of horses
in the treatment group compared with only 15% of the
placebo group. By Day 5, 41% of placebo horses had been
withdrawn from the study because of negative clinical
response, compared with only 8.4% of treated horses. By Day
10, 46% of placebo horses had been withdrawn because of

negative clinical response, compared with only 11% of
treated horses. Few adverse events were associated with the
trimethoprim-sulfadiazine suspension. Faecal consistency
scores were not significantly different between groups.

The new oral suspension administered at 24 mg/kg bwt
twice daily effectively treated the clinical signs of S. equi ssp.
zooepidemicus lower respiratory infection in horses and
eliminated the organism from the respiratory tract with
minimal adverse effects.

Risk factors for epistaxis in jump racing

In this study Richard Reardon and colleagues in the UK
evaluated risk factors associated with developing epistaxis in
jump racing in Great Britain (GB).

Records from horses running in all hurdle and
steeplechase races in GB between 2001 and 2009 were
analysed to identify horses diagnosed with epistaxis whilst still
at the racecourse. In hurdle racing 603 starts resulted in
epistaxis (event) and 169,065 starts resulted in no epistaxis
(non-event). In steeplechase racing there were 550 event
starts and 102,344 non-event starts.

Risk factors were evaluated and multiple factors
associated with increased risk of epistaxis were identified.
Running on firmer ground, horses with >75% of career starts in
flat racing and a previous episode of epistaxis recorded
during racing were identified in both types of jump racing.
Racing in the spring and increased age at first race were
identified only in hurdle racing; and running in a claiming
race and more starts in the previous 3–6 months were only
identified in steeplechase racing. This study has highlighted
areas for further investigation, including unmeasured variables
at the level of the racecourse. The results of this study can be
used to guide the development of interventions to minimise
the risk of epistaxis in jump racing.

S. WRIGHT
EVE Editorial Office
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Research shows preventive veterinary care—including proper nutrition, 

deworming, dental care and vaccinations—can improve a horse’s long-term 

wellness and influence the rate of serious medical conditions such as colic. 

eQCO Coverage™ combines veterinary wellness services with the right 

nutrition for a healthier horse.

eQCO Coverage™ Provides Up to $10,000 for Colic Surgery Reimbursement

C O V E R A G E

Preventive Medicine + Powerful Nutrition

Visit PlatinumPerformance.com/EQCOCoverage, or call 866-553-2400 for more information about how your clients can enroll.
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Editorial

The mother of a gut cell: Intestinal epithelial stem cells

.From a single cell are derived many. The gut is in a
continuous and rapid state of cellular turnover throughout
life. In fact, this process is amazingly dynamic! Approximately
every 5–7 days, there is a brand new intestinal lining created,
which is composed of columnar epithelial cells that serve as
the critical barrier preventing noxious luminal contents from
accessing the blood stream. This capacity of self-renewal is
attributed to adult or somatic stem cells that reside within the
intestinal mucosal lining deep within the base of each crypt
of Lieberkuhn (Fig 1a). Intestinal stem cells are distinct from
the more commonly known mesenchymal stem cells used in
equine orthopaedic research and therapy. As is required of
all stem cells, intestinal stem cells are undifferentiated and
self-renew; however, unlike mesenchymal stem cells that can
give rise to multiple tissue types (bone, cartilage, connective
tissue and fat cells), intestinal stem cells only differentiate into
cells of intestinal epithelial lineage. These stem cells have the
potential to become absorptive enterocytes, paneth cells,
enteroendocrine cells and goblet cells (Fig 1b). Absorptive
enterocytes are the most abundant cell type and are
distributed along the entire length of the small and large
intestine. These cells function to absorb the nutrients and

water that are critical to systemic health. Paneth cells are
restricted to the small intestine and are found interspersed
between the stem cells located in the crypt base. These cells
secrete antimicrobial peptides and are thought to help
maintain normal stem cell function. Multiple subtypes of
enteroendocrine cells are found along the length of the small
and large intestine, and these are the hormone secreting
cells of the gut that send signals to regulate normal gut
function. Finally, goblet cells are located along the length of
the small and large intestine and they secrete mucus into the
lumen, which aids in both nutrient absorption and creates a
protective layer covering the surface of the epithelial cells. All
of these mature post mitotic cell types that are critical to
intestinal homeostasis and to overall systemic health owe
their existence to their mother cell, the intestinal stem cell.

Although intestinal epithelial stem cells were first
described in the scientific literature in 1974, specific
biomarkers to better identify these cells have only recently
been discovered (Cheng and Leblond 1974; Barker et al.
2007). This is best demonstrated by the rarity of such
publications prior to 2008 and the exponential increase in
popularity in the years following. The identification of Lgr5 as

Fig 1: Schematic representation of the crypt-villus architecture (a). Two populations of intestinal stem cells exist with each expressing
distinct gene biomarkers. Both stem cell populations have the capacity to differentiate into mature intestinal epithelial cells (b).
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a biomarker of a fast cycling population of stem cells also
known as the crypt base columnar stem cell was ground
breaking (Barker et al. 2007). This initial discovery has been
followed by the identification of other important biomarkers
for cellular identification that include: Sox9, Olfm4 and Ascl2
(van der Flier et al. 2009a,b; Formeister et al. 2009; Powell
et al. 2012). A separate, slower cycling or reserve stem cell
population, the quiescent stem cell has also been described
and identified using biomarkers such as Bmi1, Hopx, Lrig1 and
mTert (Montgomery et al. 2011; Takeda et al. 2011; Powell
et al. 2012; Yan et al. 2012). Despite evidence that
distinguishes these 2 cells types as distinct, it is clear that cells
expressing biomarkers attributed to either fast or slow cycling
stem cells have the capacity to differentiate into all 4 post
mitotic, mature epithelial cell types.

As a renewable source of functional, mature epithelial
cells, understanding stem cell function is critical to clinical
application. In fact, studies have demonstrated the capacity
of the intestinal epithelial stem cell compartment to expand
following resection, radiation and doxorubicin treatment
(Dekaney et al. 2007, 2009; Hua et al. 2012; Van Landeghem
et al. 2012). However, intestinal stem cells have yet to be
used as therapeutic targets in a clinical setting. Colic is the
leading cause of death in horses aside from old age and can
comprise some of the most costly cases within a hospitalised
population. The cost of colic was estimated to be $115 million
in 1998 (USDA:APHIS:VS Centers for Epidemiology and Animal
Health 1998). Multiple diseases cause severe damage to the
intestinal epithelial lining such as diffuse inflammatory disease
or strangulating lesions of the small intestine and colon, which
result in varying degrees of epithelial loss. In the large
intestine, loss of epithelium extending beyond 50% of the
crypt is associated with poor outcome in colic cases (Van
Hoogmoed et al. 2000). This poor outcome is likely to be
associated with loss of the progenitor pool of cells as has
been recently proposed (Gonzalez et al. 2014).

Ultimately, it is the capacity of these cells to contribute to
repair that is integral to their potential as a therapeutic
targets for prevention and treatment of the sequela of severe
intestinal injury seen in horses with sepsis, bacteraemia,
laminitis, ileus and diarrhoea. Intestinal stem cell research
may hold the key to developing novel and powerful
therapies that, in conjunction with existing treatments, will
hasten recovery time and facilitate improved repair following
severe mucosal damage.
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Case Report

Management of apposing, full-thickness tracheal perforations in
two horses
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Summary
Two horses, one 15-year-old Arabian gelding and one 10-
year-old Quarter Horse gelding, presented with a history of
marked subcutaneous emphysema. The first case exhibited
no external wound, although there was a depression noted
on the ventral neck. The second case had a laceration on
the ventral aspect of the neck over the trachea. Endoscopic
examination revealed both horses to have concurrent dorsal
and ventral perforations of the trachea. The horses were
managed by placing a short, cuffed, J-shaped
tracheostomy tube in the ventral perforation, while the dorsal
perforation healed. The dorsal perforation in the first horse
was allowed to heal by second intention, whereas sutures
were placed in the dorsal perforation in the second case to
reduce the healing time. Both horses were maintained on
oral antimicrobial and nonsteroidal anti-inflammatory
medications throughout treatment. The dorsal perforation
healed after 13 days in the first horse, and 22 days in the
second horse. The ventral perforation healed in both horses
by second intention following tracheostomy removal, giving
a cosmetically acceptable result. In addition to facilitating
tracheal healing, the tracheostomy tubes prevented the
progression of subcutaneous emphysema, and promoted its
resolution.

Introduction

Tracheal perforations in horses are most commonly caused
by a traumatic incident, such as a kick from another
horse or a collision with a fence (Trostle et al. 1995; Saulez
et al. 2005, 2009). In the absence of an external wound, a
tracheal perforation may be unrecognised until air efflux
into the subcutaneous tissues results in subcutaneous
emphysema (Trostle et al. 1995; Stick 2012). Small
tracheal perforations rapidly form a fibrin seal and, in
general, can be managed without surgical intervention,
often resolving in 24–48 h (Gronvold et al. 2005; Stick 2012).
Larger perforations can be sutured directly, or a tracheal
resection and anastomosis can be performed (Freeman
2005; Stick 2012). To the authors’ knowledge, this is the first
report of placing a tracheostomy tube percutaneously
through a tracheal perforation as a treatment to assist in
the management of concurrent dorsal and ventral tracheal
perforations. The following report describes the
management of concurrent dorsal and ventral tracheal
perforations in 2 horses.

Case 1

Case history
A 15-year-old Arabian gelding, weighing 446 kg, presented to
the Auburn University College of Veterinary Medicine Large
Animal Teaching Hospital with a 3-day history of lethargy,
ventral neck swelling and subcutaneous emphysema. No
external wound was observed by the referring veterinarian
during the initial examination. The horse was treated with
1.1 mg/kg bwt flunixin meglumine intravenously once,
followed by 4.4 mg/kg bwt phenylbutazone orally twice daily
for 2 days. During this time, the horse was maintained on stall
rest with hand-walking exercise. Referral to the teaching
hospital was recommended when the degree of
subcutaneous emphysema subjectively appeared to have
increased.

Clinical findings
On presentation, the horse’s vital parameters were within
normal limits. Physical examination confirmed the absence of
external wounds. An avoidance behaviour could be elicited
when the base of the neck was palpated. There was no
evidence of dyspnoea or abnormal respiratory noise on
auscultation at this time. On digital palpation, significant
subcutaneous emphysema was noted over the face, neck,
thorax and abdomen, and extending into the proximal limbs.

Endoscopic examination revealed the dorsal aspect of
the trachea to have a 2 9 2 cm, full thickness perforation
93 cm from the nares (Fig 1). At the same level, on the
ventral aspect of the trachea, significant erythema and
swelling were visualised, associated with a full thickness,
0.3 9 0.3 cm perforation (Fig 2). At both puncture sites,
aerosolisation of the airway secretions occurred, indicating
that air was moving through the tracheal perforations into the
surrounding tissues, in conjunction with respiration. The
remainder of the trachea and the oesophagus were
visualised and were within normal endoscopic appearance
to the level of the carina. Ultrasonographic findings were
unremarkable, with no evidence of rib fractures.

In the absence of other wounds, it was determined that
the subcutaneous emphysema was originating from the
tracheal perforations. Further imaging was not performed at
this time.

Treatment
To limit further development of subcutaneous emphysema
and the possibility of pneumothorax or pneumomediastinum,
a temporary tracheostomy was performed to reduce
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intraluminal tracheal pressure at the perforation site. Due to
the caudal location of the perforations, it was not possible to
place the tracheostomy caudal to this site to bypass the
perforations. In addition, the authors believed the perforations
would heal better if the primary wound was used to position
the endotracheal tube, rather than making a third
perforation in the trachea. This incision would also allow for
primary debridement of the perforations.

A 15 cm vertical skin incision was made at the site of the
ventral tracheal perforation following sterile skin preparation.
Blunt dissection was used to access the trachea. The
surrounding musculature exhibited moderate swelling and
haemorrhage. There was a seroma present at the site of the
perforation; however, there was no evidence of necrosis or
infection. In order to access the trachea, the seroma was
incised and drained. The perforation was identified in the
ventral aspect of the trachea, between 2 tracheal rings. The
tracheal ring immediately distal to the perforation had a
1 cm long fracture at the cranial aspect. The ventral tracheal
perforation was converted into a horizontal incision between
the tracheal rings, and an 18 mm, short-cuffed silicone
endotracheal tube1 was placed through the incision, taking

care not to disrupt the perforation on the dorsal surface of
the trachea. The cuff was inflated with 15 ml of air, to
maintain a seal caudal to the tracheal perforation site, and
to reduce air flow through the dorsal tracheal perforation.
Care was taken not to overinflate the cuff. Umbilical tape
tied to stay sutures and combined with a brown gauze1 wrap
was used to maintain the position of the tube. The tracheal
tube was maintained in place for 13 days and changed
every 12 h to remove airway secretions from the lumen of the
tube.

While the endotracheal tube was in place, the horse
received 50 mg/kg bwt (Chloromycetin)2 orally 3 times daily.
The horse also received 4.4 mg/kg bwt phenylbutazone
(ButaPaste)3 orally once daily for 7 days, followed by 2.2 mg/
kg bwt phenylbutazone (ButaPaste)3 orally once daily for
7 days. During phenylbutazone (ButaPaste)3 administration,
the horse received 1 mg/kg bwt omeprazole (Gastroguard)4

orally once daily. A tetanus toxoid vaccination was
administered i.m. in the semimembranosus muscle at the time
of surgery.

Outcome
Following 13 days of treatment, repeat endoscopic
examination revealed the perforation in the dorsal surface of
the trachea to have healed. Repeat endoscopy was not
performed prior to this date. The extent of the subcutaneous
emphysema, monitored by external examination and
medical tape marking the limits on the skin, decreased from
the time of the tracheostomy tube placement and had
largely resolved by Day 13. The endotracheal tube was
removed and the tracheostomy site and skin incisions were
allowed to heal by second intention. The fracture in the
tracheal ring was covered with granulation tissue and did not
require further surgical stabilisation as there was no evidence
of stenosis or excessive movement within the tracheal lumen.
Within 28 days of tracheostomy tube removal, the
tracheostomy site had healed, and approximately one year
following discharge, no complications from the injury or
treatment were reported. No further endoscopic
examinations were performed.

Case 2

Case history
A 10-year-old Quarter Horse mare, weighing 433 kg,
presented to Auburn University College of Veterinary
Medicine with acute onset subcutaneous emphysema of the
head, neck and abdomen, associated with a wound on the
caudal aspect of the ventral neck of unknown duration. No
treatment had been administered prior to presentation.

Clinical findings
On presentation, the horse’s vital parameters were within
normal limits. A transversely oriented wound was present on
the ventral neck, just proximal to the thoracic inlet.
Exploration of the wound revealed a perforation in the
ventral surface of the trachea at this site. In the absence of
other wounds, the subcutaneous emphysema present in the
head, neck and abdomen was presumed to be associated
with the tracheal perforation. There was no evidence of
dyspnoea.

Endoscopic examination of the upper airway revealed a
perforation in the ventral aspect of the caudal trachea, at

Fig 1: Endoscopic view of the perforation of the dorsal trachea at
presentation. The defect measured 2 cm 3 2 cm. The perforation
is shown by the arrow.

Fig 2: Endoscopic view of concurrent dorsal and ventral trachea
perforations. The dorsal perforation (2 cm 3 2 cm) is shown by
the white arrow to the left; the ventral perforation (0.3 cm 3

0.3 cm) is shown by the black arrow.
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the level of the external skin laceration. A full thickness
puncture was also present in the dorsal trachea at the same
level. Given the absence of signs of pneumothorax or
pneumomediastinum, together with budgetary constraints,
further diagnostic imaging was not performed.

Treatment
Using standing sedation (5 mg detomidine5 and 5 mg
butorphanol tartrate5 i.v.), 24 h after presentation, an
endoscope was passed via the nasal passages until the
tracheal perforations could be visualised (Fig 3). The wound
and perforation in the ventral aspect of the trachea were not
altered in size since the previous day, and provided an
access window to allow partial closure of the dorsal tracheal
perforation. Size 2-0 USP polydioxanone6 was used in a simple
interrupted pattern to close the mucosa partially at the
location of the dorsal tracheal perforation. Following the
procedure, a 16 mm short cuffed J-shaped tracheal tube1

was placed in the ventral tracheal defect to reduce stress on
the dorsal repair (Figs 4 and 5). The cuff was located distal to
the perforations and was inflated to reduce airflow at the
surgical site. The tracheal tube was removed every 12 h to
allow cleaning of respiratory secretions. Oral administration of
1.1 mg/kg bwt flunixin meglumine (Banamine)7 was
performed at the time of surgery. Following this, 4.4 mg/kg
bwt phenylbutazone (ButaPaste)3 was administered orally,
once daily for 5 days.

The tracheostomy tube remained in place for 20 days,
and during this time the horse received 10 mg/kg bwt
doxycycline (Vibramycin)8 orally twice daily. The medication
was continued for 14 days following tracheal tube removal.

Outcome
Twenty-two days after presentation, repeat endoscopic
examination showed that the dorsal perforation had healed

and that the sutures were still in place. Following this
examination, the horse was discharged. Long-term follow-up
revealed that the horse has not experienced recurrence of
symptoms or sequelae to the injury. The wound has healed

Fig 3: Endoscopic view of concurrent dorsal and ventral trachea
perforations the day following presentation. The dorsal perforation
is shown by the white arrow to the right; the ventral perforation is
shown by the black arrow.

Fig 4: Positioning of the J-shaped, short, cuffed tracheal tube,
placed the day after presentation. Note the distal location of the
tracheal injury often associated with kick or fence trauma. The
photograph also shows the extent of the subcutaneous
emphysema, causing secondary blepharedema and extending
across the chest. A nasogastric tube is in place for oral hydration,
since the mare could not open her mouth due to the swelling.

Fig 5: Endoscopic view of the dorsal perforation following closure
and the tracheostomy tube inserted via the ventral perforation.
The image was obtained the day following presentation. The
dorsal perforation is shown by the white arrow to the right; the
tracheostomy tube is shown by the black arrow.
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well, and the owners report only a small depression at the site
of the external injury.

Discussion

Tracheal perforation is an uncommon injury in horses and is
more widely reported in man (Handler 1988; Humar and
Pitters 1991; Kadish et al. 1994). While this condition is usually
caused by a kick or other trauma by running into a fence in
horses (Trostle et al. 1995; Saulez et al. 2005, 2009), iatrogenic
perforations of the trachea have also been reported
following endotracheal intubation (Saulez et al. 2009). Single
perforations have been reported to occur dorsally (Gronvold
et al. 2005; Saulez et al. 2005, 2009), ventrally (Graham et al.
2010) or laterally (Caron and Townsend 1984). The horses
described in this report had concurrent dorsal and ventral
perforations, a rarely reported finding (Cudmore and Nath
2012). In the absence of a wound in the first case, the
authors speculate that the fractured tracheal ring penetrated
the dorsal tracheal surface as a result of the ventral tracheal
trauma. The second case had an obvious skin wound that
was deep enough to penetrate the ventral trachea and it is
possible that the inciting cause of this wound also penetrated
deep enough to perforate the dorsal aspect of the trachea.

In both cases described, a short cuffed J-shaped
tracheostomy tube was selected for ease of insertion. An
inflated cuff was considered important to prevent air
movement past the site of the defect, to facilitate healing of
the dorsal perforation by second intention. In addition, the
inflated J-shaped tracheostomy tube sealed the airway
below the perforations, preventing an increase in
subcutaneous emphysema and the possibility of
pneumomediastinum. Other reports have used a similar type
of tracheal tube (Saulez et al. 2005); however, to the authors’
knowledge, this is the first description of placing an
endotracheal tube for the treatment of concurrent dorsal
and ventral tracheal perforations.

The injury in the first case report was located 93 cm from
the external nares, which was in the caudal portion of the
cervical trachea. Unfortunately, the exact location of the
perforation in the second case was not recorded, but also
appeared to be close to the thoracic inlet in the images
obtained. Because these injuries are most commonly caused
by kick or fence injuries, the caudal neck region (60–90 cm
from the nares) is often the location for these injuries to the
trachea (Caron and Townsend 1984; Trostle et al. 1995;
Gronvold et al. 2005).

Diagnostic imaging is crucial in determining the extent and
sequelae of the injury. As shown in this report, cases of tracheal
perforation may have no external wound and present only as
subcutaneous emphysema. Upper airway endoscopy was
noted to be invaluable in making a diagnosis in determining
the size and exact location of the injury (Caron and Townsend
1984; Saulez et al. 2009; Graham et al. 2010). Ultrasonography
can also be utilised to make a diagnosis and determine an
approximate location for the injury (Rojman et al. 2009; Stick
2012). However, in the authors’ experience, this is more
beneficial in acute cases of tracheal injury, prior to the
development of subcutaneous emphysema that may limit
ultrasonographic imaging. The cases in question were not
evaluated immediately following perforation, and the
subcutaneous air made ultrasonography impractical for
localising the tracheal perforation. Radiographic examination

may also be useful during evaluation of tracheal trauma. For
example, radiography may help assess structural damage to
the trachea, allow detection of foreign bodies, and elucidate
thoracic abnormalities including pneumothorax or
pneumomediastinum (Caron and Townsend 1984; Hassel 2007;
Stick 2012). However, the results of radiography can also be
complicated by the presence of subcutaneous emphysema.
In the first case, ultrasonography was used to evaluate the
pleural surface and assess for the presence of fractured ribs.
Radiography would have been useful to assess the integrity of
the tracheal rings and ensure that a pneumomediastinum had
not occurred, but this was not performed. The second case
underwent endoscopy alone; ideally ultrasonography and
radiography would also have been performed.

Several causes of subcutaneous emphysema, in addition
to tracheal perforation are reported in horses and should be
ruled out at examination. These include oesophageal rupture
(Craig et al. 1989), skin wounds in the axillary region (Hance
and Robertson 1992) and bacterial infections such as
clostridial myositis (Reef 1983). Although skin wounds were
ruled out, the oesophagus was only examined in Case 1.

Several different treatments have been recommended for
resolution of tracheal perforations. Small perforations can be
managed conservatively, either with (Saulez et al. 2005) or
without (Gronvold et al. 2005; Saulez et al. 2009) the use of a
tracheostomy tube. The tracheostomy tube facilitates healing
of the perforation by diverting air away from the site of injury,
which will reduce intraluminal pressure on the injured region
of the trachea and air flow through the defect (Saulez et al.
2005). Moderate defects, including small tracheal ring
defects, can also be sutured directly (Fubini et al. 1985; Stick
2012). Larger perforations, particularly those that involve
complete rupture between tracheal rings, may require
resection and anastomosis (Kirker-Head and Jakob 1990; Stick
2012; Barnett et al. 2014). Tracheal stenosis is the major
indication for performing a resection and anastomosis. As this
was not observed in either horse, such a surgery was not
deemed necessary (Barnett et al. 2014). Other surgical
techniques for management of tracheal deformity use
chondrotomies to remodel the deformed tracheal rings
(Robertson and Spurlock 1986).

Case 2 had no evidence of tracheal ring damage, but
Case 1 had sustained a fracture to the cranial aspect of the
tracheal ring located just caudal to the perforation. On
removal of the tracheostomy tube, granulation tissue had
filled in ventral to the defect within the subcutaneous tissues
and the cartilage appeared stable. However, unstable
tracheal rings should be repaired using suture or alternatively
intraluminal titanium mesh screens (Scott 1978; Graham et al.
2010). If fractured tracheal rings are not stabilised,
malalignment can result in a reduction in the diameter of the
trachea, or the formation of a chondroma (Haynes 1984).

The duration of therapy required in both cases of this
report (13 days, Case 1; 20 days, Case 2) was consistent with
other reports of tracheal perforations. The only other report of
concurrent dorsal and ventral tracheal perforations stated
that there was a 14-day period until the defects had filled in
with granulation tissue and were no longer patent. Other
cases of single tracheal perforations report a fibrin seal to be
present at the defect at 8 days (Gronvold et al. 2005) and
7 days (Saulez et al. 2009); however, Caron and Townsend
1984) report the tracheal defect to be reduced in size but
not completely resolved after 21 days. In the 2 cases we
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report, the published healing times describe the healing of
the defect in the dorsal aspect of the trachea. The ventral
aspect was left to heal by second intention (Stick 2012)
following removal of the tracheostomy tube; in Case 1, this
took 28 days. However, comparison of the duration of
healing between the cases in this report and other reports is
difficult because our cases had 2 tracheal perforations rather
than one, and the ventral perforation was converted to a
tracheostomy.

Tracheal perforations involving the dorsal and ventral
aspects of the trachea simultaneously are rarely reported. This
report describes the successful management of this injury by
placing a tracheostomy tube in the ventral defect and
allowing the dorsal perforation to heal by second intention.
Healing of the dorsal perforation in one horse was aided by
the placement of sutures, which may have expedited the
healing process. Further, the treatment instituted stopped the
progression of subcutaneous emphysema and allowed for its
uncomplicated resolution.

Authors’ declaration of interests

No conflicts of interest have been declared.

Ethical animal research

Not applicable.

Source of funding

No funding was provided for this study.

Antimicrobial stewardship policy

All antimicrobials were administered in accordance with
current antimicrobial stewardship recommendations, and
Critically Important Antimicrobials were not used.
Antimicrobials were chosen due to their broad spectrum of
activity for prophylaxis, and for an oral route of
administration, and antimicrobials were discontinued once
tracheostomy tubes were removed.

Acknowledgements

We would like to thank the referring veterinarians for
providing the initial treatment and for their referral of these
cases to Auburn University College of Veterinary Medicine.

Authorship

All authors contributed to case management. A. Gillen, A.
Munsterman and R. Hanson prepared the manuscript and all
authors gave their final approval of the manuscript.

Manufacturers’ addresses
1JorVet, Loveland, Colorado, USA.
2Pfizer, New York, USA.
3Henry Schein Animal Health, Dublin, Ohio, USA.
4Merial Ltd, Duluth, Georgia, USA.
5Zoetis, Florham Park, New Jersey, USA.
6Ethicon Inc, Summerville, New Jersey, USA.
7Merck Animal Health, Millsboro, Delaware, USA.
8West Ward Pharmaceuticals, Eatontown, New Jersey, USA.

References
Barnett, T.P., Hawkes, C.S. and Dixon, P.M. (2014) Tracheal resection

and anastomosis after traumatic tracheal stenosis in a horse. Vet.
Surg. 44, 265-269.

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 on nonsurgical and
surgical management. Vet. Surg. 18, 432-438.

Cudmore, L.A. and Nath, N.C. (2012) What is your diagnosis?
Subcutaneous emphysema and pneumomediastinum following
tracheal trauma in a horse. Aust. Equine Vet. 30, 53-54.

Freeman, D.E. (2005) Surgery for obstruction of the equine esophagus
and trachea. Equine Vet. Educ. 17, 135-141.

Fubini, S.L., Todhunter, R.J., Vivrette, S.L. and Hackett, R.P. (1985)
Tracheal rupture in two horses. J. Am. Vet. Med. Assoc. 187, 69-70.

Graham, S.B., Schilpp, D., Bradley, W.M., Cook, G. and Gayle, J.
(2010) Treatment of traumatic tracheal collapse with extraluminal
titanium mesh screens. Equine Vet. Educ. 22, 556-563.

Gronvold, A.M.R., Kohler, 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.

Handler, S.D. (1988) Trauma of the larynx and upper trachea. Int.
Anesthesiol. Clin. 26, 139-141.

Hassel, D.M. (2007) Thoracic trauma in horses. Vet. Clin. Equine Pract.
23, 67-80.

Haynes, P.F. (1984) Surgery of the equine respiratory trachea. In: The
Practice of Large Animal Surgery, Ed: P.B. Jennings, W.B. Saunders,
Philadelphia. p 473.

Humar, A. and Pitters, C. (1991) Emergency department management
of blunt cervical tracheal trauma in children. Pediatr. Emerg. Care
7, 291-293.

Kadish, H., Schunk, J. and Woodward, G.A. (1994) Blunt pediatric
laryngotracheal trauma: case reports and review of the literature.
Am. J. Emerg. Med. 12, 207-211.

Kirker-Head, C.A. and Jakob, T.P. (1990) Surgical repair of rupture
trachea in a horse. J. Am. Vet. Med. Assoc. 196, 1635-1638.

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

Robertson, J.T. and Spurlock, G.H. (1986) Tracheal reconstruction in a
foal. J. Am. Vet. Med. Assoc. 259, 313-314.

Rojman, Y.R., Newkirk, E.S. and Grewal, J.S. (2009) Penetrating injury at
the thoracic inlet in a Paint-Arab mare. Equine Vet. Educ. 21, 621-
626.

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

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

Scott, E. (1978) Ruptured trachea in the horse: a method of surgical
reconstruction. Vet. Med. Small Animal Clin. 73, 485-489.

Stick, J.A.(2012) Trachea. In: Equine Surgery, 4th edn. Eds: J.A. Auer
and J.A. Stick, Elsevier, St Louis. pp 643-649.

Trostle, S.S., Semrad, S. and Hendrickson, D.A. (1995) Tracheal
perforation in horses. Comp. Cont. Educ. Pract. Vet. 17, 952-
958.

© 2015 EVJ Ltd

565EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2015



Clinical Commentary

Management of tracheal perforations: Potential complications and
pitfalls
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The article in this issue by Gillen et al. (2015) describes 2 cases
of concurrent ventral and dorsal tracheal perforations. While
both horses responded well to the effective treatment,
potentially serious complications can develop during the
recovery from tracheal wall injuries.

Pneumomediastinum and pneumothorax

Tracheal perforation is often caused by blunt trauma, leaving
the skin intact and no external signs of the incident. This
explains why subcutaneous emphysema, with or without
dyspnoea, is the principal presenting complaint in horses with
perforation of the cervical trachea (Trostle et al. 1995; Stick
2012). Widespread emphysema can develop within a few
days of the injury. Once the caudal neck is affected, the
subcutaneous air can dissect along muscle layers and facial
planes and reach the mediastinum (Caron and Townsend
1984). While the resulting pneumomediastinum is often
clinically silent, continued air accumulation can rupture the
mediastinal pleura and lead to a potentially life-threatening
pneumothorax (Hance and Robertson 1992; Trostle et al.
1995). In cases where the pleural tear acts as a one-way
valve, drawing air into the pleural cavity with every breath
while preventing outflow during expiration, clinical
deterioration of the patient can be rapid. A tension
pneumothorax causes not only progressive loss of normal lung
expansion, but also cardiovascular compromise due to the
increasing pressure in the pleural space (Sprayberry and
Barrett 2015).

Radiography is the primary imaging modality to identify
air in the mediastinum and pleural spaces. In a
pneumomediastinum, the parts of the oesophagus, trachea
and great vessels that lie within the mediastinum, are clearly
visible. In a horse with pneumothorax, the dorsal margins of
the collapsed lung(s) can be seen as horizontal linear
opacities ventral to the thoracic vertebrae (Byars and
McGorum 2007). Ultrasonography is of limited use in horses
with generalised subcutaneous emphysema, but can
typically aid with the diagnosis of a pneumothorax, since air
in the thorax, unlike the lung, does not ‘glide’ along the
parietal pleura. The mediastinum however, surrounded by
aerated lung, cannot be visualised with ultrasound.

Treatment of a pneumomediastinum is limited to
elimination of the inciting cause, while re-inflation of the lungs
may be necessary in horses with pneumothorax. If signs of
tachypnoea and hypoxia are present, the horse needs to be
stabilised (resuscitative fluids, supplemental oxygen) before
negative pleural pressure is re-established (Sprayberry and
Barrett 2015). The latter is accomplished by inserting a large
bore needle, teat cannula or thoracostomy tube in the 12th
to 16th intercostal space, just ventral to the epaxial muscles.
Using a large syringe and 3-way stopcock or a suction

device, the air is slowly removed. To minimise the risk of
reexpansion pulmonary oedema, it is recommended not to
exceed a negative pleural pressure of �20 cmH2O (Light
et al. 1980; Feller-Kopman et al. 2007).

The thoracic part of the trachea is located in the
mediastinum and rarely injured. However, in cases where
tracheal perforation occurs, pneumomediastinum and
pneumothorax can develop rapidly (Peroni 2015; Sprayberry
and Barrett 2015).

Retropharyngeal emphysema

Expansion of the initially focal emphysema can also lead to
accumulation of air in the retropharyngeal space. The
subsequent dorsal compression of the pharynx can cause
acute respiratory distress and inadequate cardiac output,
attributable to decreased venous return (Marble et al. 1996).
In severe cases, an emergency tracheotomy may be
necessary to re-establish adequate airflow. If possible, the
location of the tracheal perforation should be identified
before performing this procedure.

Tracheostomy tube complications

To avoid expansion of the subcutaneous emphysema and its
potential sequelae, the perforation needs to be repaired or
airflow should be diverted from the site of injury. This can be
accomplished by inserting a cuffed tracheostomy tube
through the tracheal wall defect (Gillen et al. 2015).

The use of tracheal tubes is commonplace in equine
medicine: endotracheal intubation is a standard procedure
in anaesthetised horses and tracheostomy tubes are routinely
placed following emergency or elective tracheotomy.
However, tracheal intubation has to be considered an
invasive procedure and can result in serious complications
(Bednarski 2009). When using cuffed tubes, the pressure of
the cuff on the tracheal wall should not be greater than the
capillary perfusion pressure (20–30 mmHg) to avoid ischaemic
tracheal damage. The longer a higher pressure is exerted on
the tracheal mucosa, the more severe the tissue damage
(Nordin 1977). Impairment of the capillary perfusion can lead
to ischaemic necrosis, followed by granulation tissue
formation and the development of circumferential scar tissue
(Ohnesorge et al. 2002). In serious cases, necrotising tracheitis
can cause severe stenosis and subsequent asphyxiation
within weeks of the inciting event (Wylie et al. 2015).

Inflating the cuff with enough air to seal the trachea
while not compromising capillary blood flow (minimal
occlusive volume) is challenging and, unless the cuff
pressure is measured with a manometer, rarely
accomplished. Palpation of the pilot balloon, located on the
outside part of the tube and directly connected to the cuff,

© 2015 EVJ Ltd

566 EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2015

mailto:tprange@ncsu.edu


is unreliable and often results in underestimation of the cuff
pressure (Braz et al. 1999; Trivedi et al. 2010). However, a
perfect seal may not be necessary to divert airflow and
thereby avoid further emphysema formation when
managing a tracheostomy tube in a horse with tracheal
perforation. Inflating the cuff just enough to feel slight
pressure in the pilot balloon might leave the cuff
underinflated, but reduces the risk of damaging the trachea.
Continued monitoring of the emphysema to assess the
efficacy of the tracheostomy tube is recommended.

Cuffless, self-retaining tracheostomy tubes are often used
in horses with temporary tracheotomies. While the
intratracheal parts can still damage the mucosa, their design
and the absence of a cuff eliminates the risk of creating a
circumferential tracheitis with subsequent stricture. Because
the seal between trachea and tube is incomplete, air can still
move around the tube. A cuffless tube, placed through a
tracheal wall defect, may therefore not prevent further
emphysema formation. Inserting the tube through a
tracheotomy caudal to the perforation eliminates this risk.

Tracheal ring trauma

Between 48 and 60 incomplete hyaline cartilage rings
maintain the shape of the trachea, preventing airway
collapse when the intraluminal pressure drops during
inspiration. Tracheal ring fractures or traumatic separation of
the trachealis muscle from its attachment to the rings can
cause acute tracheal wall instability and collapse or lead to
airway obstruction months after the injury occurred
(Robertson and Spurlock 1986; Tetens et al. 2000; Barber
and Stashak 2008). While diversion of the airflow through a
more caudally placed tracheostomy tube provides
immediate relief, reconstruction of the lumen may be
necessary to ensure long-term function. Depending on the
cause of the obstruction, different surgical techniques have
been described to restore airflow, including tracheal
resection and anastomosis, extraluminal mesh implantation,
intraluminal stent placement and plication of the trachealis
muscle (Tate et al. 1981; Robertson and Spurlock 1986;
Wong et al. 2008; Busschers et al. 2010; Graham et al. 2010;
Stick 2012).

Injuries to surrounding structures

Knowledge of the surrounding anatomical structures and their
relationship to the trachea is important when evaluating a
horse with potential or confirmed tracheal perforation.
Damage to the oesophagus, vagosympathetic trunk or
recurrent laryngeal nerve can result in serious short- and long-
term complications.

The oesophagus follows the trachea closely, changing its
position from dorsal, to lateral and eventually ventral to the
trachea as the 2 structures travel from cranial to caudal
through the neck. Thus, oesophagoscopy should follow
endoscopic assessment of the trachea in horses where
tracheal perforation is suspected or has been verified. Not
only can both structures be injured concurrently, but initial
clinical signs of an oesophageal perforation can also be
similar to those of a tracheal wall defect, including focal
swelling and emphysema (Kruger and Davis 2013).

Dorsolateral to the trachea, the carotid sheath encloses
the common carotid artery, vagosympathetic nerve trunk

and recurrent laryngeal nerve. While blunt cervical trauma is
unlikely to affect large vessels, the nervous tissue can be
irreversibly damaged. Injury of the recurrent laryngeal nerve
results in dysfunction of the ipsilateral arytenoid cartilage
(laryngeal hemiplegia), causing upper respiratory noise and
exercise intolerance. Inspiratory dyspnea and stridor, as well
as acute upper airway obstruction can occur when both
nerves, and consequently both arytenoid cartilages, are
involved (Dixon et al. 1993; Tetens et al. 2000).

The vagosympathetic trunk consists of the vagus nerve as
well as the cervical sympathetic trunk. Damage to the former
can, because of its parasympathetic innervation of the viscera,
trigger a multitude of clinical signs, including dysphagia, colic,
respiratory noise and obstruction, bradypnoea and
tachycardia (Derksen et al. 1981; Barber and Stashak 2008).
Disruption of the sympathetic innervation to the head by injury
to the cervical sympathetic trunk will result in Horner’s
syndrome. The most prominent clinical signs in horses are
increased regional sweating and prominent ptosis. Other
symptoms include variable degrees of third eyelid prolapse,
miosis, enophthalmos and nasal mucosal oedema (Green
et al. 1992; Hahn 2003; Epstein 2010).

Infection and prolonged wound healing

As with all wounds, infection can prolong healing and
necessitate repeated debridement. This is generally not a
concern with tracheotomies that are performed through
healthy tissue, but should be considered when making the
incision over a pre-existing tracheal wall defect. Fragments of
fractured cartilage and devitalised soft tissues may require
removal to allow for uncomplicated second intention
healing.

The list of differential diagnoses for localised
subcutaneous emphysema on the neck should also include
cellulitis, fasciitis and myositis from gas-forming bacteria. In
horses where no traumatic cause can be identified,
subcutaneous tissue can be aseptically aspirated, cultured
and undergo cytological examination to rule out an infection
with Clostridium spp.

Summary

As shown by Gillen et al. (2015), a thorough clinical
examination combined with basic diagnostic tools is sufficient
to identify tracheal perforations accurately. The mainstays of
the ensuing treatment include diversion of airflow from the
tracheal wall defect, broad-spectrum antibiotic coverage
and close monitoring of the patient during the typically
successful recovery. However, if damage to other structures is
overlooked or complications occur in the course of
treatment, the prognosis may not be favourable. Being
aware of these risks enables the equine veterinarian to
identify and address a problem early, ideally before it can
negatively affect the outcome of the case.
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Case Report

Maxillary odontogenic myxoma in young horses: Six cases
(2003–2011)
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Summary
Six young horses presented with a rapidly expanding maxillary
mass with concurrent nasal discharge. All horses had a
nonpainful firm unilateral facial swelling centred over the
maxillary sinuses, accompanied by mucopurulent nasal
discharge. Diagnostic imaging revealed an infiltrative
nasomaxillary mass with cheek tooth involvement, diagnosed
as odontogenic myxoma. The tooth involvement included
missing, malformed and/or displaced dental precursors or
unerupted teeth. Due to the rapid expansion and extent of the
masses, and the poor prognosis reported for surgical excision,
euthanasia was recommended and performed in all cases.
Macroscopically, a soft oedematous tissue with a grey to
green colour was seen in the regions of missing, malformed or
displaced dental precursors or unerupted teeth. Histologically,
this tissue consisted of spindle shaped cells surrounded by
an abundant homogenous pale stroma, rich in acid
mucopolysaccharides. Immunohistochemistry was positive for
actin and the mesenchymal marker vimentin. The cheek tooth
involvement identified in the described cases resembled what
is previously reported in odontogenic myxoma in children and
young adults. Even in man, maxillary odontogenic myxoma
represents a therapeutic challenge due to the invasiveness of
the lesions and radical surgical excision is recommended.
Treatment is further complicated by sinonasal involvement.
Surgery was not attempted in the cases presented here due to
the extent of the lesions and the risk of recurrence. Clinicians
should be aware of this rare condition when presented with
young horses with sinonasal neoplasia.

Introduction
Sinonasal neoplasia is well described in the equine veterinary
literature, in spite of low prevalence (Head and Dixon 1999;
Tremaine and Dixon 2001; Cissell et al. 2012). Usually, sinonasal
neoplasia is reported in mature horses (Head and Dixon 1999),
and squamous cell carcinoma is the most common tumour
type. Other more unusual types of sinonasal neoplasia include
adenocarcinoma, fibrosarcoma, spindle cell sarcoma and
myxoma (Head and Dixon 1999). Sinonasal myxomas grow by
non-infiltrative expansion, and clinical signs are attributable to
deformation of the facial bones due to pressure atrophy and
secondary sinusitis resulting in nasal discharge (Rahko et al.
1972; Barakzai and Dixon 2003). Attempts at surgical excision

have met with limited success, as recurrence is common
(House et al. 1976; Tremaine and Dixon 2001; Barakzai and
Dixon 2003).

Considerable controversy regarding the term ‘myxoma’
exists, resulting in this term being used for over 60 different
clinical entities in human medical literature (Allen 2000). The
term usually implies a benign mesenchymal tumour of
uncertain histogenesis, characterised by loosely arranged
stellate or spindle-shaped cells within a myxoid stroma. In
young people, a particular form of sinonasal myxoma with
concurrent cheek tooth affliction is recognised, known as
odontogenic myxoma (Gregor and Loftus-Coll 1994; Singaraju
et al. 2010). This lesion is described as a locally aggressively
invasive, nonmetastasising neoplasm of the cheek tooth
region of the jaw, representing 3–6% of all human odontogenic
tumours (Gregor and Loftus-Coll 1994; Singaraju et al. 2010).
The mandible is affected in 2/3 of cases (Singaraju et al. 2010).
Although uncommon in domestic animals, mandibular
odontogenic myxoma has previously been reported in a
mixed-breed filly (Chandra et al. 1999) and in 2 dogs (Gupta
et al. 2005; Meyers et al. 2007).

Macroscopically, odontogenic myxomas are
characterised by missing or malformed cheek teeth or tooth
precursors and a mucoid or gelatinous greyish-white tissue that
replaces cancellous bone and expands overlying cortex,
often extending into the sinuses (Gregor and Loftus-Coll 1994;
Singaraju et al. 2010). Histologically, the typical features of a
myxoma are found, and at present, no universally accepted
theory about the histogenesis exists (Halfpenny et al. 2000). This
report describes a rapidly expansive and invasive maxillary
mass with cheek tooth involvement in 6 young horses, believed
to represent the first report of maxillary odontogenic myxoma
in horses.

Case history and clinical findings
From 2003 to 2011, 6 horses with a diagnosis of maxillary
odontogenic myxoma were presented to the Norwegian
School of Veterinary Science. Case details and clinical findings
are listed in Table 1. Presenting complaints were a rapidly
expanding unilateral facial swelling with concurrent
mucopurulent nasal discharge. Clinical signs had been evident
one week to 3 months prior to referral. Two horses (Cases 2 and
4) were referred for computed tomography (CT) of the head
only, as the initial work-up including skull radiographs had been
performed by the referring veterinarian.

Upon admission to the hospital, all horses presented with a
nonpainful firm unilateral facial swelling centred over the
maxillary sinuses, accompanied by mucopurulent nasal
discharge. Obstructed airflow from the nostril on the affected

Dr Pekárková’s present address is UK-VET sro, Prague, Czech
Republic.
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side was noted in all cases, and resulted in marked inspiratory
stridor and dyspnoea in Case 3. Other clinical findings are
listed in Table 1. Endoscopy of the upper airways was
performed in all cases; the nasal mucosa appeared swollen
and congested and the endoscope could not be passed to
the pharynx on the affected side due to diffuse mucosal
swelling and medial displacement of the ventral turbinate
causing nasal passage obstruction. In Case 5, a nasal
extension of a soft tissue mass was seen in the ventral meatus
at the level of the drainage angle, obstructing further
advancement of the endoscope. Endoscopic inspection of
the contralateral side revealed narrowing of the nasal

passage due to nasal septum deviation; however, the
pharynx, larynx and trachea were unremarkable in all horses.

The caudal maxillary sinus was trephined in Cases 1 and 6
using standard technique, and multiple punch biopsies of the
sinonasal mass were taken. In both cases, the biopsy histology
indicated an undifferentiated mesenchymal tumour, based on
findings of loosely arranged spindle shaped cells within a
myxoid matrix.

Diagnostic imaging
Skull radiographs were obtained in Cases 1, 5 and 6 and
included latero-lateral, left- and right-sided dorsolateral-

TABLE 1: Case details and clinical findings in 6 young horses diagnosed with maxillary odontogenic myxoma

Case
Age

(months) Breed Sex
Affected

side
Duration
of signs

Clinical findings

Nasal
discharge

Facial
swelling

Lymph
adenopathy

Inspiratory
stridor and
dyspnoea Epiphora

Reduction
of airflow

1 23 NCT M R 1 month Unilateral + + Marked
2 11 NCT M R N/A Unilateral + + Marked
3 5 Icelandic M L 1 week Bilateral + + + + Marked
4 24 TB F L 3 months Unilateral + + Moderate
5 24 Oldenburg F L 2 months Unilateral + + Marked
6 12 Native Pony M R 3 weeks Unilateral + + Marked

NCT = Norwegian Coldblooded Trotter; TB = Thoroughbred.

a) b)

Fig 1: Dorsolateral-ventromedial
oblique radiographic projection
(a) and a computed tomography
dorsal plane reconstruction image
of the maxilla (b) of a 12-month-
old Native Pony colt (Case 6)
diagnosed with maxillary
odontogenic myxoma. Note the
displaced dental precursor of 110
(asterisk).

TABLE 2: Cheek tooth involvement in 6 young horses diagnosed with maxillary odontogenic myxoma. Radiographs of Cases 2 and 4 were
taken by the referring veterinarian and were not available for review; therefore, the ante mortem diagnosis in these cases was based on
computed tomography (CT) only

Case

Tooth involvement

Diagnostic modalityTriadan number Type of involvement

1 108 Malformed and caudally displaced tooth precursor Radiography, CT
2 109 Malformed reserve crown CT

110 Medially displaced reserve crown
3 209 Malformed tooth precursor Necropsy
4 206 Medially displaced and rotated unerupted tooth CT

207 Malformed and medially displaced and rotated unerupted tooth
208 Tooth precursor missing

5 207 Medially displaced unerupted tooth Radiography, CT
208 Malformed and medially displaced tooth precursor

606, 607, 608 Loosening of premolar caps
6 110 Caudally displaced tooth precursor Radiography, CT
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ventromedial oblique and dorsoventral projections.
Radiography was purposefully avoided in Case 3 due to the
risk of exacerbating the respiratory distress present in this foal.
The latero-lateral and dorsolateral oblique projections
revealed a large soft tissue opaque mass in the caudal and
rostral maxillary sinuses with a well-defined rostral margin that
was extending into the caudal part of the nasal cavity (Fig 1).
Displaced, malformed or missing dental precursors or
unerupted teeth were identified in all cases; details of tooth
involvement are listed in Table 2. The dorsoventral projection
revealed soft tissue opacity in the ventral conchal sinus and
the rostral and caudal maxillary sinuses on the affected side.
Deviation of the nasal septum towards the unaffected side
was noted in all cases.

A helical CT scan of the head was performed in dorsal
recumbency under general anaesthesia in 3 horses (Cases 1, 2
and 4), or immediately after euthanasia (Cases 5 and 6). Slice
thickness varied from 3.5–10 mm, and the studies were
displayed in bone and soft tissue algorithm. A well-defined
soft-tissue density mass occupying the rostral and caudal
maxillary sinuses, medially displacing the ventral turbinate,
could be seen in all horses (Fig 2). Maximum dimensions were
17.5 × 9 × 11.5 cm; minimum dimensions were 13.5 × 9 × 8 cm.
The mass appeared uniloculated in Case 2, whereas a
multiloculated appearance was seen in Cases 1, 4, 5 and 6;
mass density was 20–50 Hounsfield units. Facial deformity was
present in all horses, accompanied by bone destruction of the
maxilla, infraorbital canal, and the maxillary sinus septum.
Nasal septum deviation was noted in varying degrees, related
to the mass size. Extension of the mass into the conchofrontal
and sphenopalatine sinuses was seen in Cases 1, 2 and 4.
Cheek tooth involvement was noted in all cases, as detailed in
Table 2.

Post mortem findings
Due to the rapid expansion and extent of the masses, and the
poor prognosis reported for surgical excision, euthanasia was
recommended and performed in all cases. Post mortem
examination was performed in all cases and including one
sagittal and multiple transverse sections of the head (Fig 3).
Multiple sections of the sinomaxillary lesions were sampled and
immediately fixed in a 10% formaldehyde solution for >48 h
and thereafter embedded in paraffin prior to sectioning.
Samples containing bony material were decalcified with
sodium formate and concentrated formic acid. The sections
were routinely stained with haematoxylin and eosin; selected
sections were also stained with van Gieson and alcian blue.
Presence of the smooth muscle marker actin and the
mesenchymal marker vimentin was evaluated in selected
sections by immunohistochemistry.

In all cases, marked unilateral facial deformity centred
over the maxillary sinuses was noted; external diameter
reached up to 12 cm. Normal maxillary sinus anatomy was
completely obliterated and replaced by a neoplastic mass
which was solid greyish white in Case 1, uniloculated in Cases
2 and 3, and multiloculated in Cases 4, 5 and 6. Extension of
the mass into the conchofrontal and sphenopalatine sinuses
as diagnosed by CT in Cases 1, 2 and 4 was confirmed.
Conchal atrophy and nasal septum deviation was seen in all
cases.

Cystic content was sparse; only a few of the cavities
contained a small amount of serous fluid. The wall of especially
the larger cystic cavities was thin and contained some bony

a)

b)

c)

d)

Fig 2: Composite computed tomography images of a 2-year-old
Thoroughbred filly diagnosed with maxillary odontogenic
myxoma (Case 4); lateral scout images are to the left and
the corresponding transverse slices are to the right. Grossly
abnormal facial contour is seen in a–c, caused by a
space-occupying multiloculated mass obliterating the maxillary
sinuses, extending into the conchofrontal sinuses and nasal
cavity, and distorting the normal maxillary and conchal
anatomy. Medial displacement and rotation of the unerupted 206
(a) and malformation of 207 (b) is clearly visible. The dental
precursor of 208 cannot be identified (c). The caudal extension of
the neoplasia is seen in d.
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tissue. The internal surface of these cysts was covered by
mucosa-like tissue, occasionally with amorphous tissue masses.
In the smaller cavities, the wall was 1–3 cm thick and consisted
of soft oedematous tissue with a grey to green colour. Similar
tissue was seen in larger areas between the cysts, and in the
regions of missing, malformed or displaced dental precursors
or unerupted teeth. The surrounding bone structures were also
infiltrated by this tissue and clear demarcations between the
neoplastic and surrounding normal tissue could not be
identified macroscopically.

The most conspicuous histological finding was neoplastic
tissue consisting of spindle shaped cells surrounded by an
abundant homogenous pale stroma containing few fibrillar
structures (Fig 4). Stromal vacuolation was noted in some
areas. Infrequently, the spindle shaped cells were connected
with small areas of collagenous tissue. The nuclei of the spindle
shaped cells were hyperchromatic, most commonly spindle
shaped; occasionally oval. Sporadically, remnants of
disintegrated osteoid trabeculae were detected in the
neoplastic tissue. The walls of the larger cavities showed areas
with moderate inflammatory changes. Staining with alcian
blue demonstrated a granular substance rich in acid

mucopolysaccharides. The cytoplasm of the spindle shaped
cells and the fibrillar structures within the mucinous stroma
stained positive for actin and vimentin.

Discussion
This report describes a rapidly expanding infiltrative maxillary
mass with cheek tooth involvement in 6 young horses, believed
to represent the first report of maxillary odontogenic myxoma
in horses. The cheek tooth involvement identified resembles
that previously described in children and young adults, where
missing, malformed or displaced cheek teeth, often affecting
unerupted teeth or dental precursors, are common findings
(Gregor and Loftus-Coll 1994; Singaraju et al. 2010). The
previously reported equine case of odontogenic myxoma
affected a 1.5-year-old mixed-breed filly, in which a marked
mandibular swelling with extensive invasion and replacement
of mandibular bone completely replaced 2 premolar teeth
(Chandra et al. 1999). In the event of maxillary odontogenic
myxomas, extension into the paranasal sinuses invariably
occurs due to the locally aggressive invasiveness of the lesion
(Gregor and Loftus-Coll 1994; Halfpenny et al. 2000; Singaraju
et al. 2010). In cases with sinonasal neoplasia, identification of
cheek tooth involvement as described in this report may alert
the clinician towards this rare clinical entity.

In contrast to primary sinonasal neoplasia, odontogenic
tumours in horses usually occur in young animals and present
as slow-growing lesions (Dixon and Gerard 2012).
Odontogenic tumours may arise from any of the dental tissues
or combinations thereof, resulting in considerable variations in
radiographic appearance (Dixon and Gerard 2012). The
characteristic appearance of a well-defined mass with
involvement of unerupted teeth or dental precursors creates a
pathognomonic feature of odontogenic myxoma (Gregor
and Loftus-Coll 1994) and aided diagnosis in the current case
series. Although absolute proof of tumour origin is lacking,
support of an odontogenic histogenesis has been advocated
by the almost exclusive occurrence in the tooth bearing areas
of the jaws, its common association with unerupted teeth or a
developmentally absent tooth, its frequent occurrence in
young individuals and its histological resemblance to dental
mesenchyme (Zhao et al. 1999; Halfpenny et al. 2000).
Immunohistochemistry confirmed the presence of the
mesenchymal marker vimentin and the smooth muscle marker
actin in the neoplastic cells in the current case series, which
indicates myofibroblastic differentiation. This finding is in
agreement with human studies, where a large proportion
of the cells comprising odontogenic myxomas are believed

Fig 3: Composite computed
tomography image and gross
anatomical specimen of a
2-year-old Oldenburg filly (Case 5);
transverse sections of the maxilla at
the level of 108/208 revealed a
multiloculated mass. Note the
multiloculated appearance of the
mass, obliterating the normal
paranasal sinus architecture. The
dental precursor of 208 is
malformed (asterisk).

Fig 4: Photomicrograph of a maxillary odontogenic myxoma in a
2-year-old Oldenburg filly (Case 5). Note the abundant pale
homogenous stroma with few fibrillar structures and loosely
arranged spindle shaped cells; the nuclei are spindle shape to oval
(H&E stain; 20×; bar = 0.1 mm).
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to be myofibroblasts based on immunohistochemical and
ultrastructural findings (Martínez-Mata et al. 2008). Although
the exact function of these cells within odontogenic
neoplasms is unclear, high numbers are associated with
increasing tumour aggressiveness (Vered et al. 2005). The
alcinophilic granular substance seen in odontogenic
myxomas is known to contain a high proportion of hyaluronic
acid, which encourages cell migration and proliferation (Zhao
et al. 1999). The presence of stromal hyaluronic acid and the
myofibroblastic differentiation of the neoplastic cells may
explain some of the local aggressiveness and invasiveness of
these lesions.

Apparent successful treatment of sinonasal myxoma has
previously been reported; multiple applications of cryotherapy
after surgical excision rendered 2 horses without recurrence for
at least 8 months (House et al. 1976). The aggressive and
infiltrative nature of odontogenic myxoma however,
represents a therapeutic challenge even in human medicine.
Radical surgical excision is recommended for preventing
recurrence, as tumour boundaries are difficult to identify
(Gregor and Loftus-Coll 1994; Halfpenny et al. 2000; Singaraju
et al. 2010). Mandibular lesions are considered easier to treat
due to less complex anatomy (Halfpenny et al. 2000).
Recently, radical segmental mandibulectomy was described
as treatment of an undifferentiated sarcoma in a 10-year-old
mare (Carmalt and Linn 2013), which demonstrated the
feasibility of radical surgery in horses also. However, it is still the
authors’ belief that the cases described in the current report
suffered inoperable lesions upon presentation to the hospital.
Early diagnosis and treatment has been advocated by others
for successful treatment of sinonasal neoplasia in horses (Witte
and Perkins 2011). The short duration of clinical signs and rapid
expansion of the lesions in the cases presented here negated
the possibility for treatment and prognosis for maxillary
odontogenic myxoma is considered poor. Clinicians should be
aware of this rare condition when presented with young horses
with sinonasal neoplasia.
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Case Report

Resection of the incisive bone and rostral maxillae for removal of
an ossifying fibroma in an 18-year-old Warmblood gelding
A. Lechartier*†, E. Steele†, R. Vallefuoco‡ and C. Mespoulhès-Rivière†
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Maisons Alfort Cedex, France.
*Corresponding author email: alechartier@vet-alfort.fr

Keywords: horse; ossifying fibroma; resection; incisive bone

Summary
A 510 kg, 18-year-old Warmblood gelding used for high level
dressage was presented with a 6 week history of a growing
mass at the rostral aspect of the incisive bone. Radiographic
examination of the maxillae showed an osteolytic lesion
between the left maxillary central and intermediate teeth
spreading caudally into the hard palate. Biopsy of the mass
was consistent with an aggressive oral fibrosarcoma.
Diagnostic work-up ruled out metastatic lesions. An
amputation of the incisive bone and part of the rostral maxillae
was performed with the intent of removing the mass in healthy
margins. However, the neoplastic tissue extended to the rostral
aspect of the ventral nasal conchae and a resection in healthy
margins was not performed to avoid surgical complications
due to communication with the nasal conchae. After surgery,
the horse’s appetite and food uptake were not impaired and
cosmetic appearance was excellent. Active drains were used
in order to prevent any submucosal collection of fluids.
Histopathological examination of the surgical margins of the
removed maxillae confirmed the presence of tumoural tissue.
Even though excision of the tumour was not complete, no
macroscopic local recurrence was reported post operatively
at 36 months’ follow-up. Based on histological re-evaluation of
the removed tissue and the absence of recurrence a definitive
diagnosis of ossifying fibroma was made.

Introduction
Oral cavity neoplasia may involve dental tissue (odontogenic
tumours), bone (osteogenic tumours) or soft tissue (Zimmel
2010), and can be benign or malignant, invasive or expansile,
and proliferative or ulcerative. Although the localisation should
make the tumour detectable early on, most horses are
presented when secondary clinical signs appear such as
weight loss or difficulty with eating. Therefore many tumours
are presented at an advanced stage and treatment
possibilities are more limited. Oral fibromas are relatively
common in young animals and human patients (Rai et al.
2012; Osunde et al. 2013) but rarely reported in the literature
(Barber et al. 1983; Richardson et al. 1991). These tumours are
generally benign but may progress into invasive fibrosarcomas
(Easley et al. 2011). The case described herein reports the
successful surgical management and long-term follow-up of
an oral ossifying fibroma of the incisive bone in an 18-year-old
Warmblood gelding.

Case history
A 510 kg 18-year-old Warmblood (KWPN: Royal Warmblood
Studbook of The Netherlands) gelding used for high level

dressage was presented to the Equine Veterinary Teaching
Hospital for a second surgical opinion concerning a 6 week
history of a mass growing between the left maxillary central
(201) and intermediate (202) teeth. Three weeks after onset,
the field veterinarian carried out computerised lateral and
dorsoventral radiographs of the rostral facial region. The
dorsoventral projection (Fig 1) revealed heterogeneous
density of the perialveolar region of the incisive bone centred
on 201 and extending caudally. A soft tissue opacity was
present between 201 and 202 spreading the interdental
space. A biopsy of the lesion was in favour of a malignant
aggressive fibrosarcoma and surgical excision was
recommended. The field veterinarian gave a poor prognosis
and recommended euthanasia if the tumour continued to
grow at that rate or if the clinical signs deteriorated. The owner
contacted the hospital for a second opinion. The horse was

Fig 1: Dorsoventral projection of the incisive area 3 weeks after
onset of the first clinical signs. Right is on the right. Note the soft
tissue opacity spreading the space between 201 and 202.
Perialveolar bone tissue appears heterogeneous with increased
density. Only the right canine is visible (104). Image courtesy Dr
Georges.
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maintained at work until presentation to our hospital 6 weeks
after onset of the first clinical signs.

Clinical findings
On clinical examination, the horse was bright and in good
body condition. All vital parameters were within normal limits.
Oral examination revealed a firm pink mass on the rostral
palatine mucosa between left maxillary central (201) and
intermediate incisors (202) (Fig 2a). The caudal limit of the mass
was visualised approximately 3 cm caudally to the incisors by
oral endoscopy and presented clearly defined margins
(Fig 2b). This mass was well vascularised and ulcerative as it
tended to bleed after handling.

The lateral radiograph of the head indicated a soft tissue
opacity of 3–4 cm in diameter extending caudally to the
incisive bone with a mass effect on the dorsal cortex of the
bone without periosteal reaction (Fig 3). The horse presented a
slight brachygnathia. Palpation of the retropharyngeal
mandibular lymph nodes did not reveal any abnormalities.

Endoscopy of the upper airways including the guttural
pouches, radiography and ultrasonography of the thoracic
and abdominal cavities did not reveal any signs of metastasis.
At this time, amputation of the incisive bone and, potentially,
the rostral aspect of the premaxillae was recommended to
remove the mass in healthy margins.

Surgical technique
Preoperative treatment including procaine penicillin
(22,000 iu/kg bwt i.m.) as well as phenylbutazone (4.4 mg/kg
bwt i.v.) were administered one hour before induction.

The patient was sedated with acepromazine (40 μg/kg
bwt i.v.), romifidine (80 μg/kg bwt i.v.) and morphine
(0.1 mg/kg bwt i.v.). Induction was obtained with ketamine
(2.4 mg/kg bwt i.v.) and diazepam (0.2 mg/kg bwt i.v.).
Anaesthesia was maintained with isoflurane in air and oxygen
in a closed circle system. The horse was placed in dorsal
recumbency.

Infraorbital nerve blocks at the level of the infraorbital
foramina were performed with a mixture of 5 ml of 2%
lidocaine and 10 ml of 0.5% bupivacaine per nerve. A
tracheotomy was carried out at the proximal third-middle third
junction of the trachea to allow intubation and ventilation
during surgery without impairing access to the mouth and
nose. Two mouth gags were placed between mandibular and
maxillary incisors and cheek teeth to maintain the mouth
open. The mouth was thoroughly rinsed. The oral mucosa and
the mass were cleansed with a 0.05% chlorhexidine solution.

A curved incision of the labial mucosa down to the bone
was performed starting 2 cm caudally to the 203 incisor,
following a line running 2 cm dorsal to the incisors and the
mass rostrally and ending 2 cm caudally to the 103. Then, a
curved incision of the palatine mucosa was performed in a
half moon shape starting just rostrally to the right canine
(104–204). Care was taken to identify and ligate both palatine
arteries before incising the deeper layers. The incisive bone
was cut with a Gigli-wire just rostral to the first canine (Fig 4).
Three consecutive and more caudal sections were made in
order to obtain a macroscopically healthy bone tissue margin
(Fig 5). At the third cut, the rostral aspect of the maxilla was cut
and the ventral nasal conchae were partially sawed. Thus, a
wider resection of the maxillae was not performed to avoid
severe haemorrhage and a higher risk of wound infection from
the nasal conchal sinus and ventral nasal meatus. Bone wax
was applied onto the lacerated bone surface to achieve

Fig 2: a) Oral examination. Left is on
the right. Ulcerative mass of fibrotic
tissue between 201 and 202, 3 cm in
diameter. b) Oral endoscopy. Left is
on the right. Caudal limit of the mass
on the hard palate is well
delineated macroscopically.

Fig 3: Lateral radiographic projection of the facial area 6 weeks
after first observation of the mass. The soft tissue opacity is
extending dorsally. There is a slight brachygnathia.
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haemostasis and to minimise friction of the slightly irregular
bone surface against the mucosa. Two active drains
(Pleurocath)1 were placed against the bone using an
introducer needle about 4 cm dorsally and caudally to the
corner of the lips on both sides. They were advanced
subcutaneously and exited in the surgical site. Before closing,
the mucosal flaps were trimmed to allow a neat closure of the
wound. Holes were drilled through the maxillary bone margins
with a 2 mm drill bit and the mucosal flaps were secured to the
bone using 2-0 polydioxanone. The mucosa was then sutured
with interrupted vertical mattress sutures using the same suture
material. The drains were secured to the skin with a Chinese
finger trap and protected with a bandage. Recovery from
anaesthesia was assisted with head and tail ropes and was
uneventful.

Post operative care
Procaine penicillin (22,000 iu/kg bwt i.m. b.i.d.) and
phenylbutazone (2.2 mg/kg bwt per os b.i.d.) were continued

for 7 days after surgery. Additional treatment included
omeprazole (4 mg/kg bwt per os s.i.d.) for 5 days. Moderate
oedema of the upper lip was present immediately after
surgery but progressively resolved within 5 days post
operatively. The tracheotomy wound was cleaned twice daily
and healed by second intention. The horse received 5 meals a
day, made up of soft feed and freshly cut grass. Appetite and
food uptake were not impaired by the surgery. The mouth was
thoroughly rinsed after each meal to prevent suture infection
and/or dehiscence. The left drain was removed 36 h after
surgery as no fluid was collected. The right drain was removed
72 h after surgery having collected about 80 ml of
serohaemorrhagic fluid mostly during the first 24 h and only a
minimal amount over the next 48 h (Fig 6).

Outcome and follow-up
The horse was discharged 6 days after surgery. At this time, no
signs of infection or wound dehiscence were present. In the
following months the horse was evaluated by the field
veterinarian and the recovery was uneventful. The horse was
presented at the Equine Veterinary Teaching Hospital for a
follow-up at 8 months after surgery. He had resumed dressage
activity. The cosmetic appearance was excellent (Fig 7). On
physical examination, no abnormalities were noted. The
follow-up ventrodorsal radiograph (Fig 8) showed smooth
bone edges at the site of the maxillectomy. The bone did not
present any signs of pathological remodelling (osteolysis or
sclerosis) and there was no signs of soft tissue opacity in the
area. There was no signs of recurrence of a neoplastic process.
A dental profiling was performed during the visit. Clinical
evaluations at 6-month intervals were advised. Based on an
interview over the phone at 36 months post operatively,
appearance of the surgical site and cosmetic outcome was
described as excellent by the owner. The horse was still
performing at the same level of dressage as before surgery.

Gross and microscopical findings
On gross examination, a 3 cm wide and 6 cm long, whitish,
firm, ill-demarcated and ulcerated mass infiltrated the gingival
lamina propria and the incisive bone. A preoperative incisional

Fig 4: Surgical procedure. The horse was placed in dorsal
recumbency and intubated through a tracheotomy. The bone
sections were performed with a Gigli wire after mucosal incision
and palatal arteries ligature.

Fig 5: The 3 consecutive sections through the incisive bone and
maxilla. The more caudal section (bottom right) is presented with
its rostral side up. The right is on the left. The dark area located
close to the root of the right canine (104) was identified as the
rostral aspect of the ventral nasal conchae.

Fig 6: Post operative follow-up. At 48 h post operatively immediate
cosmetic outcome was excellent. The left suction drain is exiting
from the wound covered by a bandage.
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biopsy and 2 fragments of the excisional biopsy (Fig 9) were
successively submitted in 10% neutral buffered formalin for
histological examination. Sections were prepared after
decalcification and routinely processed for histological
examination; paraffin sections were stained with
haematoxylin-eosin-saffron.

Microscopically, the neoplasm appeared locally invasive
and composed of interwoven bundles and fascicles of spindle
cells separated by an abundant collagenous stroma and
dissecting pre-existing bone trabeculae. Neoplastic cells had
indistinct cell borders, a scant pale and eosinophilic cytoplasm,
and an ovoid vesicular nucleus with a small nucleolus. Cellular
pleomorphism was moderate and the mitotic index was low
(less than one mitosis for 10 fields). An initial diagnosis of
fibrosarcoma was given; healthy margins were not obtained on
microscopic examination, suggesting an increased risk of
recurrence. Careful clinical follow-up was recommended.

Despite the initial diagnosis, the tumour had not recurred
20 months after surgery, and a second opinion was requested.

The slides were reviewed, displaying an infiltrative and
osteolytic fibro-osseous tumour composed of highly cellular but
otherwise bland spindle cell population that demonstrates
multifocal ossification with spicules of osteoid rimmed by and
incorporating plump osteoblastic cells. The final histological
diagnosis, supported by clinical and radiographic appearance
and lack of metastasis, was an ossifying fibroma.

Discussion
A variety of fast growing infiltrative masses located around the
incisor teeth of the mandible or the incisive bone have been
reported in horses (Barber et al. 1983; Orsini et al. 1991, 2004;
Richardson et al. 1991; Schumacher et al. 1996; Bush et al.
2007). The masses described are locally aggressive, ulcerated
and induce major displacement of the incisor teeth. On
radiographs, they are characterised by a homogenous soft
tissue density surrounded by osteolysis of the mandible or the
incisive bone. Therefore it is very difficult to differentiate them
based on macroscopic and radiographic appearance.
Definitive diagnosis is made based on histology, recurrence
and metastasis. Squamous cell carcinoma is the most frequent
neoplasm of the horse’s head and 7% of cases involve the
mouth. There is only one report of squamous cell carcinoma
involving the incisive bone on a 27-year-old Arabian mare
(Orsini et al. 1991). This neoplasia typically described as slow
growing, is usually recognised after causing difficulties to

Fig 7: Eight month follow-up photograph. Maxillary gums are
regular without any sign of thickening or ulceration.

Fig 8: Dorsoventral radiograph 8 months post operatively. Right is
on the right. Regular trabecular bone density with no irregularities
at the rostral margins.

Fig 9: Third section of the incisive bone. Haematoxylin-
eosin-saffron stain, 40× objective. Spindle cell proliferation is
embedded in fibrous collagen stroma (white arrow) with irregularly
shaped immature bony spicules (black arrows).
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masticate and is often too late to address. Histologically it is
characterised by a well vascularised tissue with high cellularity
and high mitotic index, which were not present in our case.
Schumacher et al. (1996) described a phaehyphomycosis
located in the incisive bone of an 18-year-old Quarter Horse.
This mass is typically diagnosed on histology after observation
of necrotic bone and multifocal microabscesses incorporated
in dense fibrovascular granulation tissue.

Fibroma and ossifying fibroma are more frequent than the
other tumours previously described but are still rarely reported
in the equine literature (Barber et al. 1983; Richardson et al.
1991; Orsini et al. 2004). Fibroma can evolve into fibrosarcomas
but this remains uncommon (Easley et al. 2011). Concerning
the age of the animals, fibromas and ossifying fibromas have
been observed in young animals (age <7 years) whereas
fibrosarcomas are usually described in mature horses such as in
our case. However, fibrosarcoma has also been described in
young animals (Bush et al. 2007).

All 3 types of tumours most often involve the oral cavity.
Fibromas and ossifying fibromas occur more frequently on the
mandible (Richardson et al. 1991). Fibrosarcomas occur on the
mandible and maxillae but can also be found more rarely on
other parts of the body (Bush et al. 2007). Histologically,
fibromas and ossifying fibromas are usually characterised by
low cellularity and low mitotic index but high collagen
content. Fibrosarcomas have a higher cellularity and a higher
mitotic index than the other two. Tumoural cells are also more
pleomorphic in fibrosarcomas. In this case, the tumour had a
high cellularity but a low mitotic index, the cellular
pleomorphism was moderate and presented spicules of
woven bone embedded in fibrous tissue. Ossifying fibromas
and fibrosarcomas both present spicules of woven bone
embedded in fibrous tissue (Orsini et al. 2004; Bush et al. 2007;
Rai et al. 2012; Osunde et al. 2013).

Metastasis have not been described in cases of ossifying
fibroma but frequently occur in cases of fibrosarcoma,
although less so when the tumour is found on the head in cats
as in horses (Verstraete 2005; Bush et al. 2007). Regarding
recurrence, ossifying fibromas and fibrosarcomas recur
frequently if tumoural cells are found at the resection margin
(Richardson et al. 1991) but no recurrence was observed in this
horse 36 months after surgery.

In our case, an early diagnosis of fibrosarcoma was made
but it can be challenging for histopathologists to distinguish
ossifying fibromas from fibrosarcomas (Barber et al. 1983).
Indeed, in this case, the horse was mature (age 18 years), and
histopathologically, the tumour had a high cellularity, which is
in favour of a fibrosarcoma. In contrast, the tumour presented
a low mitotic index and moderate cellular pleomorphism,
which is incompatible with a fibrosarcoma. Also, no metastasis
or recurrence was observed 36 months post operatively. After
reviewing the slides by 2 other histopathologists, a diagnosis of
atypical ossifying fibroma was concluded due to the age
of the horse, the high cellularity, the moderate pleomorphism
of the cells and the lack of recurrence after resection in dirty
margins.

The surgical plan was to amputate the incisive bone and
rostral maxilla in healthy margins. The technique described by
Schumacher et al. (1996) was modified based on a small
animal report (Lascelles et al. 2004). The use of the Gigli wire
after ligation of the palatine arteries allowed minimal
haemorrhage, which was further controlled with bone wax
and aspiration drains. Successive sections of the incisive bone

were performed until the body of the incisive bone looked
macroscopically grossly normal. However, at the third section,
which involved the rostral maxillae, the rostral aspect of the
ventral conchae was sawed. At that point it was decided not
to perform another section to avoid profuse haemorrhage
from the nasal conchae and warrant adequate healing of the
wound. We knew that leaving the tissue in dirty margins would
increase the risk of recurrence and metastasis. This was a
deliberate choice made to meet the owner’s requirements for
a cosmetic and smooth recovery.

It is recommended to plan adjunctive treatment when
resection is performed in dirty margins. To our knowledge the
most efficient treatment described in the literature for
fibrosarcoma is radiotherapy. Unfortunately, there is no
radiotherapy facility available for horses in our country. Close
clinical monitoring of the horse did not reveal any abnormal
findings. In the event of a recurrence we would have probably
looked back at the slides earlier and performed a new biopsy.
Ossifying fibromas and fibromas have been treated with
nonsurgical treatment such as cryotherapy (Barber et al.
1983). This technique seems efficient but implies sloughing of
the margins and second intention healing and this would not
have been accepted by the owner.

In this case, early detection and surgical treatment
allowed an excellent outcome despite a guarded prognosis.
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Case Report

Suture exostosis with concurrent nasal septum chondrosarcoma
in a horse
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Summary
A 15-year-old Hanoverian mare presented with a 10-day
history of facial swelling in the right maxillary and frontal
regions, left epiphora and intermittent right epistaxis.
Radiographs revealed suture exostosis of both nasofrontal
sutures and a deviated and thickened nasal septum.
Computed tomography (CT) of the skull revealed exostosis of
the nasolacrimal sutures and ducts bilaterally of both
nasofrontal sutures and of the right zygomatocomaxillary and
lacrimomaxillary sutures. The mid-to-caudal aspect of the
nasal septum was thickened and had multiple well
demarcated hypoattenuated regions within the septum.
Histological examination of biopsies taken from the right
nasofrontal suture and the nasal septal mass revealed suture
exostosis and nasal septum chondrosarcoma. The horse was
treated with rest and anti-inflammatories. The facial swelling
and left epiphora were improved at 7 months telephone
follow-up. This report is the first to describe a nasal septum
chondrosarcoma in a horse. Additionally, we suggest that the
suture exostosis may have developed due to an alteration of
the biomechanics of the skull sutures secondary to the septal
tumour.

Introduction
The equine nasal septum divides the nasal cavity into left and
right sides. The dorsal aspect of the septum is attached to the
midline of the frontal and nasal bones (Hare 1975). Ventrally,
the rostral 75% of the nasal septum is attached to the vomer
and palatine process of the incisive bone. Nasal septum
neoplasias are rare and in most cases nasal septum
involvement is secondary to the expansion of a tumour
within the nasal passages or the paranasal sinuses (Schuh
1986; Cissell et al. 2012; Nickels 2012). The most common
sinonasal neoplasms are squamous cell carcinoma and
adenocarcinoma, followed by soft mesenchymal tissue
tumours, lymphosarcoma and tumours of bone origin, such as
osteogenic sarcoma or osteoma (Dixon and Head 1999; Head
and Dixon 1999; Tremaine and Dixon 2001; Dixon et al. 2012).
They affect 5–8% of the horses presented with a sinonasal
disorder (Dixon and Head 1999; Head and Dixon 1999;
Tremaine and Dixon 2001; Dixon et al. 2012).

Suture exostosis is an uncommon (8% of sinonasal disorders)
condition affecting the equine skull (Lane et al. 1987; Gibbs
and Lane 1987; Dixon 1991; Tremaine and Dixon 2001; Carslake
2009; Manso-Díaz and Taeymans 2012; Dixon et al. 2012; Klein
et al. 2014). Equine skull sutures fuse over the first few months of
life and become obliterated or ossified between 3 months and
5 years of age (Butler et al. 2008). Suture exostoses have been

reported in several breeds, tend to occur in middle-aged
horses and are generally characterised by a transverse
nonpainful firm swelling on the dorsum of the head rostral to
the eyes (nasofrontal sutures) (Lane et al. 1987; Gibbs and
Lane 1987; Dixon 1991; Tremaine and Dixon 2001; Carslake
2009; Manso-Díaz and Taeymans 2012; Dixon et al. 2012;
Klein et al. 2014). The nasofrontal suture is the most commonly
involved suture, although the nasolacrimal, lacrimo/
zygomaticomaxillary and internasal sutures can be affected
(Lane et al. 1987; Gibbs and Lane 1987; Dixon 1991; Tremaine
and Dixon 2001; Carslake 2009; Manso-Díaz and Taeymans
2012; Dixon et al. 2012; Klein et al. 2014). Because the
nasolacrimal duct is attached to the ventral aspect of the
frontal and nasal bones, thickening of the periosteum, bone
remodelling and local inflammation often result in unilateral
or bilateral epiphora in affected horses (Carslake 2009;
Manso-Díaz and Taeymans 2012; Klein et al. 2014). The
radiographic appearance of suture exostosis consists of
periosteal reaction around the suture line accompanied by
lysis of the affected suture (Lane et al. 1987). Computed
tomography examination can further characterise the lesions
(Manso-Díaz and Taeymans 2012; Klein et al. 2014).

This report describes the presence of a nasal septum
chondrosarcoma in a horse. In addition, we believe that the
concurrent presentation of the neoplasm and suture exostosis
may have had a direct cause-effect relationship.

Case history
A 15-year-old Hanoverian mare used as a pleasure riding horse
presented with a 10-day history of facial swelling in the
right maxillary and frontal regions, left-sided unilateral
epiphora and intermittent right-sided epistaxis. Clinical signs
progressed despite a 10-day course of ocular and systemic
anti-inflammatories (flunixin meglumine systemically and
dexamethasone topically) and antimicrobials (trimethoprim-
sulfamethoxazole systemically and neomycin and polymyxin B
topically) prescribed by the referring veterinarian and the
mare was referred for further evaluation.

Clinical findings
Physical examination confirmed left-sided epiphora and a firm
nonpainful swelling was around both nasofrontal sutures and
both orbits but more prominent on the right orbit (Fig 1).

Diagnosis and treatment
Radiographic examination of the skull revealed thickening
and deviation of the nasal septum at the mid-to-caudal
aspect, a radiolucent line at the rostral aspect of the right
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facial crest, a radiolucent line at the level of the left and right
nasofrontal sutures surrounded by a well defined periosteal,
endosteal and soft tissue reaction and a soft tissue opacity
within the right conchofrontal sinus (Figs 2 and 3).

Differential diagnoses of nasofrontal and
zygomaticomaxillary suture exostosis or multiple chronic
healed fractures of the skull were considered. To further
characterise the abnormalities seen in radiographs, CT of the
skull with an 8-slice helical scanner1 was performed. The horse
was premedicated with detomidine2 (0.02 mg/kg bwt i.v.) and
anaesthesia was induced by administering midazolam3

(0.05 mg/kg bwt i.v.) and ketamine4 (2.2 mg/kg bwt i.v.) and
maintained with isoflurane5 in 100% oxygen. Under general
anaesthesia, an attempt to flush both nasolacrimal ducts from
the nasal opening was unsuccessful. Transverse and sagittal CT
reconstructions as well as surface-rendered three-dimensional
(3D) volume reconstruction revealed lysis and periosteal
and endosteal reaction along the left and right nasofrontal
and nasolacrimal sutures and ducts, as well as the right
zygomatocomaxillary and lacrimomaxillary sutures, soft tissue
thickening associated to the areas of periosteal proliferation

and both nasolacrimal ducts and thickening and undulation
of the nasal septum with the presence of multiple well
demarcated hypoattenuated regions within the septum
(Figs 4 and 5). Results of CT were compatible with suture
exostosis of the skull and the changes in the nasal septum were
suggestive of neoplasia or chondritis. Importantly, adjacent to
the mass in the nasal septum, there was mild to moderate
bony lysis as well as remodelling within the nasal septum.

Biopsies of the right nasofrontal suture and the nasal
septum were obtained with an 8 mm Michele trephine. Access
to the nasal septum was provided through the defect created

a) b)

Fig 1: a) Left-sided epiphora and firm nonpainful swelling at the
level of the nasofrontal sutures at admission (left) and b) at 4
months follow-up (right).

Fig 2: Latero-lateral radiograph. A radiolucent line surrounded by a
well defined periosteal, endosteal and soft tissue reaction is visible
at the level of the nasofrontal sutures.

Fig 3: Dorsoventral radiograph. A radiolucent line is visible at the
rostral aspect of the right facial crest as well as thickening and
undulation of the nasal septum.

Fig 4: Transverse CT image. Thickening and undulation of the nasal
septum with the presence of well demarcated hypoattenuated
regions within the septum.
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by the nasofrontal suture biopsy. The skin incision was closed
with staples. Transient bilateral nasal bleeding occurred after
biopsy which did not require treatment. Potassium penicillin2

(22,000 iu/kg bwt i.v. q. 6 h), gentamicin sulfate6 (6.6 mg/kg
bwt i.v. q. 24 h) and phenylbutazone6 (2.2 mg/kg bwt i.v. q.
12 h) were administered for 24 h perioperatively and oral
trimethoprim-sulfamethoxazole7 (20 mg/kg bwt per os q. 12 h)
and phenylbutazone4 (2.2 mg/kg bwt per os q. 12 h) were
given for an additional 10 days. The horse was discharged from
the hospital 2 days after admission without improvement of the
clinical signs. After discharge, the owner reported a small
volume of intermittent epistaxis.

Histopathological examination of the biopsy of the
nasofrontal suture revealed immature fibrovascular tissue,
granulation tissue and bone. Multifocally, the granulation
tissue was admixed with nondegenerate neutrophils (Fig 6a),
erythrocytes (haemorrhage) and abutted non-necrotic bone
which had undergone osteolysis (Fig 6b). The granulation tissue
had undergone coagulation necrosis in less than 30% of the
sample and, rarely, there were fragments of necrotic bone
with and without associated neutrophils (Fig 6c). The biopsy
of the nasal septum revealed haphazardly arranged
chondrocytes with marked anisocytosis, mild anisokaryosis and
rare binucleate cells (Figs 6d–f). There were no mitoses in ten
400 x fields and no necrosis. These results were compatible with
nasofrontal suture exostosis or trauma and a chondrosarcoma
of the nasal septum. Surgical treatment to remove the nasal
septum or stabilise the nasofrontal suture was declined by
the owner and palliative therapy with stall rest and
anti-inflammatories recommended.

Outcome
At 4 months follow-up, mild left-sided epiphora was still present
and the nonpainful swelling around both nasofrontal sutures

and orbits had slightly improved (Fig 1). Recheck radiographs
revealed widening of the radiolucent line at the level of the
left and right nasofrontal sutures, although the periosteal,
endosteal and soft tissue reaction had decreased in size (Figs 7
and 8). The radiographic appearance of the nasal septum
was similar to initial radiographs. During this visit, the left
nasolacrimal duct was successfully flushed. An additional
60–90 days of stall rest was given before returning to exercise.

At 7 months telephone follow-up, the left-sided epiphora
and facial swelling had further improved but were still mildly
present. The horse is back on light riding exercise.

Discussion
To our knowledge this is the first report of a nasal septum
chondrosarcoma in a horse. In veterinary species,
chondrosarcoma is a malignant neoplasm of osseous origin
producing varying amounts of neoplastic chondroid and
fibrillar matrix but not bone (Riddle and Wheat 1971; Bertone
et al. 1984; Thompson and Pool 2002; Beytut et al. 2006; Wilson
and Anthony 2007). In horses, chondrosarcomas are rare and
have been reported in only a few locations, including ribs,
radius, metacarpophalangeal joint and tongue (Riddle and
Wheat 1971; Bertone et al. 1984; Thompson and Pool 2002;
Wilson and Anthony 2007). In dogs, chondrosarcoma is the
second most common bone tumour and mainly involves flat
bones with special predilection for the nasal cavity and the ribs
(Thompson and Pool 2002). In contrast, long bones and ribs are
the most affected regions in man while involvement of the
nasal cavity or septum is rarely reported (Unni and Inwards
2000; Downey et al. 2001; Kainuma et al. 2009; Lee et al. 2013).
The metastatic rate for chondrosarcoma is around 15% in dogs
and up to 20% in man but is unknown for the horse (Hahn et al.
1997; Kainuma et al. 2009).

Histopathological examination of septal masses is required
to discriminate between hyperplasia, neoplasia (chondroma,
chondrosarcoma) and inflammation (chondritis) (Thompson
and Pool 2002; Sharma et al. 2010; Lee et al. 2013). The
main histological features of malignancy include changes
in chondrocyte shape, presence of binucleation/
multinucleation, presence of mitosis, which are rare in well
differentiated chondrosarcomas and prominent nucleoli
(Thompson and Pool 2002; Thompson 2007; Sharma et al.
2010; Lee et al. 2013). Additionally, gross pathological or
radiographic evidence of invasion or osteolysis supports
a diagnosis of chondrosarcoma (Thompson and Pool
2002; Thompson 2007). The biopsy specimen was composed
of chondrocytes with marked pleomorphism (Fig 6)
and differential diagnoses included chondroma and
chondrosarcoma. Diagnosis of chondrosarcoma was made
because of 1) the cytological features which include marked
cellular pleomorphism (marked anisocytosis, mild anisokaryosis)
as well as rare binucleate cells and 2) the radiographic
evidence of nasal septal bony lysis and remodelling. We
observed no mitoses in the tissue evaluated which is not
unexpected in more well differentiated chondrosarcomas.
Regenerative or reactive cartilage is considered less likely in this
case because of the haphazard pattern of cell growth.

Suture exostosis is a relatively uncommon condition usually
characterised by a transverse nonpainful swelling at the level
of the nasofrontal sutures (Lane et al. 1987; Gibbs and Lane
1987; Dixon 1991; Tremaine and Dixon 2001; Carslake 2009;
Manso-Díaz and Taeymans 2012; Dixon et al. 2012; Klein et al.
2014). Although diagnosis can be made with radiographs, CT

Fig 5: Three-dimensional CT image revealing periosteal reaction
along the left and right nasofrontal sutures as well as the right
nasolacrimal, zygomatocomaxillary and lacrimomaxillary sutures.
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was used in this case to determine the number of sutures
involved, severity of the lesions, involvement of the
nasolacrimal ducts and to further characterise the changes in
the nasal septum.

The aetiology of suture exostosis is not known. It has
previously been associated with trauma or sinonasal surgery
but many affected horses do not have those factors (Lane
et al. 1987; Dixon 1991; Tremaine and Dixon 2001). Also,
osteochondroma of the suture has been suggested as a
possible cause for suture exostosis although, to date, this has
only been reported in man (Becelli et al. 2004; Verwilghen
2014). The lack of a history or evidence of head trauma,
symmetry of the lesions and involvement of multiple sutures
suggest a repetitive biomechanical cause (Carslake 2009;
Manso-Díaz and Taeymans 2012; Klein et al. 2014). Mastication
in the horse is the result of the mandible opening, food being
passed into the occlusal surfaces of the teeth and then closing
(closing stroke) and grinding the food between the arcades
(power stroke) (Carmalt 2010). The mandible is powered
largely by the masseter muscle and the maxillary teeth receive

the chewing force (Carmalt 2010). Masticatory forces have
been calculated for horses and increase from rostral to
caudal. Horses the same age as the present case generate
over 1800 N of force on the occlusal table of their third molar
(Huthmann et al. 2009). In young pigs, in vivo strain gauges
indicate large tensile forces across the nasofrontal suture
during mastication and this is probably also true for the horse
(Rafferty and Herring 1999). A biomechanical relationship
between cranial sutures and mastication has also been
proven in experimental animals. In rats, artificial fusion of a
suture can lead to malocclusion, and malocclusion can lead
to suture remodelling (Kasahara 2000; Ruan et al. 2008). In the
present case, multiple suture exostoses were found concurrent
to a nasal septum chondrosarcoma. Although the
chondrosarcoma may be unrelated to the suture exostosis, we
theorise that the tumour could have altered the mechanical
benefit the nasal septum provides between the hard palate
and ventral aspect of the nasal bones. The tumour could have
weakened the support dorsally, predisposed the nasofrontal
suture to increased stress during mastication and riding, and
exostosis may have developed in an attempt to stabilise the
region. However, at 4 months radiographic follow-up, the
endosteal and periosteal reaction around the nasofrontal
sutures was smaller despite the septal tumour being still

a) b) c)

d) e) f)

Fig 6: Photomicrographs of sections
of the nasofrontal suture (a–c) and
nasal septum (d–f). a) Frontal nasal
suture demonstrating granulation
tissue with neutrophilic infiltrate. H&E
stain; bar = 50 μm. b) The
granulation tissue abuts bone which
has undergone osteolysis. H&E stain;
bar = 50 μm. c) Fragments of
necrotic bone undergoing
osteolysis. H&E stain; bar = 50 μm. d,
e) The nasal septum sample is
composed of haphazardly
arranged chondrocytes. H&E stain;
bar = 100 μm (d), bar = 50 μm (e). f)
There is marked anisocytosis, mild
anisokaryosis and rare binucleate
cells (arrow). H&E stain; bar = 20 μm.

Fig 7: Latero-lateral radiograph at 4 months follow-up. The
periosteal, endosteal and soft tissue reaction along the nasofrontal
sutures have reduced in size.

Fig 8: Left oblique view of the skull at 4 months follow-up. The
radiolucent line at the nasofrontal suture is wider than at admission.
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present. This finding could be explained as a result of
anti-inflammatory administration and/or associated with a
reduction in suture stress during the period of stall confinement.
Unfortunately, a second biopsy or long-term imaging follow-up
to determine progress of the septal tumour and suture
exostosis were not available.

Suture exostosis is often treated successfully with rest and
anti-inflammatories (Dixon 1991; Tremaine and Dixon 2001;
Carslake 2009). However, some owners find the cosmetics and
epiphora unacceptable and surgery has been reported to
reduce the clinical signs and promote bone healing
(Manso-Díaz and Taeymans 2012; Klein et al. 2014). These
treatments include debridement of the periosteal reaction,
injection of the gap with platelet-rich plasma and suturing of
the nasofrontal periostium and stabilisation of the nasal and
frontal bones with a surgical plate (Manso-Díaz and Taeymans
2012; Klein et al. 2014). Both techniques resulted in regression of
the facial swelling and epiphora within months. In cases where
epiphora is the main complaint, canaliculorhinostomy alone
could be a suitable and even easier option (McIlnay et al.
2001). We believe that suture instability secondary to the septal
tumour may have been the source of suture exostosis in our
case; however, stabilisation of the nasofrontal sutures was
declined by the owner and rest and anti-inflammatories were
used instead. In addition, a direct communication between
the nasal cavity and the frontal sinus was created during
collection of the nasal septum biopsy (clean-contaminated
procedure) and antimicrobials were used for 10 days to
prevent development of sinusitis.

Histopathological information regarding suture exostosis is
limited to a few reports (Manso-Díaz and Taeymans 2012; Klein
et al. 2014). In these reports, the tissue is composed of fibrous,
chondroid and osseous tissue with varying stages of
differentiation but no cellular atypia or inflammation and the
histological changes are interpreted as consistent with callus
formation. Similar to our case, aetiological agents have not
been identified in the biopsy samples. Also, in studies
investigating suture changes in experimental animals, the
histological lesions ranged from physiological bony remodelling
with increased numbers of osteoclasts to deposition of fibrous
connective tissue but chondroid tissue was not reported
(Kasahara 2000; Zhang et al. 2013). Unlike previous reports in
horses, rats and rhesus macaques, we identified a neutrophilic
infiltrate and necrotic bone in the nasofrontal suture biopsy
(Kasahara 2000; Manso-Díaz and Taeymans 2012; Zhang et al.
2013; Klein et al. 2014). One explanation for the difference in
these findings is a difference in sampling timepoint. Our biopsy
samples were obtained early in the disease process (10 days),
whereas samples in the previous reports were obtained much
later (months–years) (Manso-Díaz and Taeymans 2012; Klein
et al. 2014). Furthermore, the differences in the samples may
help elucidate pathogenesis. The combination of neutrophilic
infiltrate and osteonecrosis could indicate a primary
inflammatory process with secondary necrosis or primary
necrosis with secondary inflammation. Although there were
necrotic bone fragments with associated inflammation in our
sections, the presence of necrotic bony fragments without
associated inflammation suggests that the change was
primarily necrotic with secondary inflammation. Primary
osteonecrosis typically occurs as a result of ischaemia
secondary to trauma, thromboembolism, vasoconstriction from
excessive cold, ergotism or chronic anaemia, or from infiltrative
neoplasms (Thompson 2007).

In conclusion, this report describes the radiographic, CT
and histological findings of a horse affected with a nasal
septum chondrosarcoma and multiple suture exostoses. While
we cannot discount the possibility that these 2 findings are
unrelated, the occurrence of both conditions suggests
an association of the tumour to the development of
suture exostosis, potentially through ischaemia-induced
osteonecrosis. We recommend that horses affected with
suture exostoses, without a history of trauma or sinonasal
surgery, should be investigated for additional pathology that
may affect the support of the nasofrontal suture.
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Case Report

Peripheral nerve sheath tumour of the equine maxillary sinus
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Summary
This case report describes an 8-year-old Belgian Warmblood
mare that was initially diagnosed and treated for a dental
sinusitis. Despite removal of the diseased teeth and
appropriate treatment, the sinusitis did not resolve. Over time,
growth of a peripheral nerve sheath tumour of the left
maxillary sinus became apparent, with recurrence after
surgical removal. The clinical, radiographic, computed
tomography, magnetic resonance imaging and pathological
(gross and histological) findings of the first reported peripheral
nerve sheath tumour of the equine paranasal region are
described and illustrated.

Introduction

In horses, paranasal sinus tumours are rare but well described.
In one study the incidence of paranasal sinus tumours in
horses suffering from sinonasal disorders was 5–7.9% (Tremaine
and Dixon, 2001a; Dixon et al. 2012). The majority of these
tumours have been reported in mature horses (Head and
Dixon 1999) and neither a breed nor sex predisposition has
been observed (Tremaine and Dixon, 2001a).

Making the diagnosis of a paranasal sinus tumour is often
challenging. Standard diagnostic aids include endoscopy,
sinoscopy following sinus trephination, radiography, computed
tomography (CT) and magnetic resonance imaging (MRI).
Obtaining biopsies for histopathology via endoscopic and
sinoscopic examination may help to differentiate between
different masses (Ruggles et al. 1993; Perkins et al. 2009).
Radiography is an essential tool in the investigation process;
however, it is clearly less sensitive in assessing the sinonasal
system than CT or MRI (Cissell et al. 2012; Tessier et al. 2013).

Not only the anatomy, but also the various tissue types
present in the paranasal sinuses contribute to the complexity of
this structure and may lead to tumours of different tissue origins.
The most commonly diagnosed tumours of the paranasal sinuses
are squamous cell carcinomas. Other less frequently diagnosed
but reported types of paranasal sinus tumours include
adenocarcinomas, fibrosarcomas, myxomas, lymphomas,
sarcomas, osteomas, osteosarcomas, haemangiomas and
ameloblastic odontomas (Head and Dixon 1999).

The WHO International Histological Classification of Tumors
of the Nervous System of Domestic Animals suggests to divide
peripheral nerve sheath tumours (PNSTs) into 2 groups: (i)
benign PNSTs including schwannomas and neurofibromas; and
(ii) malignant PNSTs including malignant schwannomas and
neurofibrosarcomas (Hendrick et al. 1998). To the author’s
knowledge PNSTs have never been reported in the paranasal
sinus region of a horse. However, they have been described in
various other locations such as the head (Schneider et al. 2010;

Kegler et al. 2014), the perianal region (Sturgeon et al. 2008),
the skin (Schoniger et al. 2011), the gastrointestinal tract
(Pascoe 1982; Kirchhof et al. 1996), the heart (Quinn et al.
2005) and the paravertebral region (Nikolaou et al. 2012).

This case report describes the first case of a maxillary sinus
PNST in a horse and highlights the clinical, radiographical, CT,
MRI and pathological appearance of this tumour.

Case details

History
An 8-year-old Belgian Warmblood mare was referred to the
Equine Hospital, Vetsuisse Faculty, University of Z€urich,
Switzerland with a 4 month history of recurrent left sided
maxillary sinusitis. The referring veterinarian had suspected an
apical infection of the tooth 209 following radiographic
examination, extracted this tooth through the oral cavity,
flushed the caudal left maxillary sinus through a trephine hole
and treated the mare with broad-spectrum antimicrobials.
Despite treatment, clinical signs of left sided sinusitis recurred
several weeks prior to presentation.

Clinical examination
Upon presentation the mare had malodorous, purulent left
sided nasal discharge and purulent discharge from a
sinofacial fistula of the caudal left maxillary sinus associated
with the previous trephination site. The left mandibular lymph
node was enlarged. An oral endoscopic examination
revealed an orosinus fistula of the alveolar socket of the
extracted tooth 209. The endoscopic examination of the
nasal passages showed a moderate amount of purulent
discharge from the left nasomaxillary aperture, without
obvious deformation of the nasal passages.

Diagnostic imaging

Radiography
Standard radiographic views of the skull were obtained. The
radiographic findings were consistent with apical infections of
the teeth 210 and 211 as well as fluid lines in the left caudal
maxillary and conchofrontal sinuses. To confirm our
radiographic diagnosis and aid in making a treatment plan a
CT examination was performed.

Computed tomography
Computed tomography imaging was performed under
general anaesthesia in dorsal recumbency using a 40-slice
helical CT-scanner (Somaton Sensation Open)1 and bone
and soft tissue algorithm reconstruction (slice thickness
1.5 mm).
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The left rostral and caudal maxillary, frontal and
sphenopalatine sinuses as well as the ventral and dorsal nasal
conchae were partially filled with soft tissue dense material of
various intensities (10–50 Hounsfield units; HU), suspected to
be inspissated purulent material. The mucosal lining of the left
rostral maxillary sinus was thickened. Fluid lines were visible in
the left frontal, sphenoidal, caudal maxillary and dorsal
conchal sinuses. The roots of the teeth 210 and 211 were lytic
and had abnormal laminae durae. In the alveolar socket of
the tooth 209 small calcifications were noted. There was a
defect in the left maxilla with irregular borders and irregular
bone proliferation consistent with septic osteitis of the
sinofacial fistula.

Treatment

Surgery
Following CT examination, the left maxillary sinus was explored
through a standard maxillary bone flap. The left maxillary and
conchofrontal sinuses were filled with purulent material. The
alveolar socket of the previously extracted tooth 209 was filled
with calcified soft tissue and purulent material. The alveolar
bone around the roots of the teeth 210 and 211 was lytic and
their pulp cavities were open. Both teeth were repulsed. The
infected maxillary sinofacial fistula was surgically debrided, left
open and used to flush the sinus post operatively. An
additional drainage hole was established from the rostral
maxillary sinus into the nasal passages. The alveolar sockets of
the teeth 210 and 211 were filled with polymethyl
methacrylate (Technovit 6091)2 plugs. The sinus was flushed
and packed before routine closure of the bone flap.

The CT and intraoperative findings were consistent with
chronic dental sinusitis. A bacteriological swab was obtained,
but no tissue samples were submitted for histopathological
examination.

Post operative treatment

The bacteriological swab obtained during surgery was
consistent with moderate growth of Streptococcus equi
zooepidemicus and a light growth of anaerobic bacteria all
sensitive to commonly used antibiotics. The mare was treated
peri and post operatively with 1 mg/kg bwt cefquinom
(Cobactan 4.5% ad us. vet.)3 i.v. b.i.d. for 3 days and
subsequently with 30 mg/kg bwt trimethoprim-sulfonamide
(Rota-TS ad us. vet.)4 per os b.i.d. for 3 weeks and with
2.2 mg/kg bwt phenylbutazone (Equipalazone ad us. vet.)3

per os s.i.d. for 10 days. The sinus packing was removed
2 days post operatively and the left maxillary sinus was
flushed every other day with a 0.05% chlorhexidine solution5

for 2 weeks.
Three weeks post operatively, the mare was discharged

without any further medications. At this time point the mare
had mild, intermittent, serous, left sided nasal discharge, the
sinofacial fistula was nearly granulated closed, the mare was
eating well and the intraoral polymethylmetacrylate plugs
were intact.

Outcome

Four months after hospital discharge the mare was
represented with signs of head shaking, left facial swelling
and mucopurulent discharge of the sinofacial fistula. The

mare had also lost body condition. Blood work (haematology
and chemistry) was within normal limits. Skull radiographs and
an endoscopic examination of the nasal passages did not
reveal any further abnormalities. The mare was subjected to
a second CT examination and subsequent surgery.

Treatment II

CT II
The left maxilla was porous and irregularly thickened, with
visible defects from the previously made bone flap and the
sinofacial fistula. The ventral nasal concha was deformed
and partially destructed at the dorsal aspect. The left
maxillary, sphenopalatine, conchofrontal and ventral conchal
sinuses were filled with soft tissue dense material (10–20 HU)
with diffuse calcifications. Dorsal to the root of the teeth 207
and 208 the rostral part of the rostral maxillary sinus was
focally filled with expansile, soft tissue dense material (25 HU)
leading to deformation of the border of the maxilla (slight
lateral bulging of the maxilla and thinning of the bony
lamina). These CT findings were consistent with a soft tissue
mass in the left maxillary sinus.

Surgery II
The left maxillary sinus was explored through a second
standard maxillary bone flap. The left maxillary sinus was filled
with a calcified, pale, soft tissue mass. The mass was very
friable, poorly demarcated and invaded the ventral nasal
conchae. The left maxilla was lytic. The mass was removed
and the excised tissue was submitted for histopathological
examination. The sinofacial fistula was surgically debrided, the
maxillary sinus was curetted, flushed, packed and the flap
routinely closed.

Post operative treatment II
The mare was treated peri- and post operatively with 1 mg/
kg bwt cefquinomc i.v. b.i.d. for 3 days and with 2.2 mg/kg
bwt phenylbutazone5 per os s.i.d. for 7 days. The packing was

Fig 1: Histological section from a malignant peripheral nerve
sheath tumour of the nasal cavity showing interwoven streams of
spindloid to oval tumour cells embedded in a high amount of
extracellular matrix. Haematoxylin and eosin.
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removed 2 days post operatively and the sinus was flushed
twice with a 0.05% chlorhexidine solution5. The mare was
discharged 7 days post operatively.

Histopathological findings
Tissue samples were fixed in 10% neutral buffered formalin,
routinely processed, embedded in paraffin, cut in 2–3 lm
thick sections, mounted on glass slides and stained with
haematoxylin and eosin and alcian blue using a routine
protocol. The histological examination showed an infiltrative,
poorly demarcated mass without a capsule consisting of
spindle shaped to oval cells embedded in a large amount of
myxomatous, mucopolysaccharide rich, extracellular matrix.
This extracellular matrix stained strongly with alcian blue. The
cells showed a minimal degree of anisocytosis and
anisokaryosis. No mitotic figures were found. Embedded in
the mass there were small, viscous fluid-filled cysts, lined by a
highly differentiated respiratory epithelium and small osseous
fragments of trabecular bone lined by osteoblasts and
osteoclasts. There was granulation tissue containing
haemorrhage adjacent to the tumour (Fig 1).

Immunohistochemistry was performed and the neoplastic
cells were positive for smooth muscle actin (monoclonal,
H7114)6, s-100 (polykonal, H0066)7, neuron specific enolase
(NSE; monoclonal, M0873)6 (Fig 2) and negative for desmin
(monoclonal, M0724)6, glial fibrillary acidic protein
(polyclonal, H0083)6 and pan-cytokeratin (monoclonal,
M0821)6. For immunohistochemistry the following controls
were used: swine heart tissue for smooth muscle actin and
desmin, bovine vagal nerve tissue for S-100, canine brain
tissue for glial fibrillary acidic protein and NSE and canine
lung tissue for pan-cytokeratin.

Based on the cell morphology and the
immunohistochemical results the diagnosis of a low grade,
malignant PNST was made.

Final outcome

Two months after the second surgery, signs of head shaking, left
sided nasal discharge and left facial swelling reoccurred and

the mare had lost more body condition. Reoccurrence of the
PNST was suspected. The owners denied any further diagnostics
and treatment, and the mare was subjected to euthanasia.

Post mortem the mare’s head was removed from the
body and CT and MRI examinations were performed.
Thereafter the head was frozen and cut into transverse
sections starting at the level of the teeth 108/208 progressing
caudally to the level of the 111/211. The sections at the
different molars were photographed and correlated with the
CT and MRI sections illustrated in Figures 3, 4 and 5.

Post mortem CT
Dorsal to teeth 207 and 208, the most rostral part of the rostral
maxillary sinus was dilated. The lateral border of the maxilla
was mildly deformed and there was bulging and thinning of
this bone. These findings were similar compared to the previous
CT scan. The rostral part of the rostral maxillary sinus was filled
with homogenously dense (32 HU) material. The caudal part of
the rostral maxillary sinus and the caudal maxillary sinus were
partially filled with material of homogenous signal density (14–
30 HU). Caudal to this there was thickening of the left maxilla
and the left frontal bone. The most ventral part of the maxilla
had an increased, amorphous trabecular pattern also
involving the infraorbital canal. The infraorbital canal was
mildly displaced ventrally, deformed and had generalised
thickening of its wall with multifocal loss of definition and bony
lysis. These findings were much more progressive compared to
the previous CT scan. The left dorsal and ventral nasal
conchae were no longer present and replaced by irregularly
defined, wavy bony lamellae.

Post mortem MRI
The following sequences were acquired using a 3 T magnet7:
T2 in a transverse, dorsal and sagittal plane, T2 SPAIR, T1 and
T2* in transverse planes.

There was loss of definition of the left maxilla with
thickening and bony defects located laterally and ventrally.
The whole caudal part of the rostral maxillary sinus, the most
ventral part of the caudal maxillary sinus and the rostral part
of the frontal sinus were occupied by material of very
heterogeneous signal intensity. The signal intensity was
consistent with a large central area of heterogeneous high
signal intensity on T2 centred on the missing tooth 210 and
lower signal intensity on T1 (isointense to mild hypointense to
muscular tissue). There was no evidence of haemorrhage into
the tumour (T2* negative). Interspersed there were
hypointense lines visible on T2 potentially consistent with
incompletely formed septa. More rostral, at the level of the
missing tooth 209, the signal intensity of the rostral maxillary
sinus was lower with a bony-like structure. The focally dilated
rostral part of the rostral maxillary sinus was filled with material
of homogenous very high signal intensity on T2 (fluid-like) and
isointense to muscular tissue on T1.

Discussion

This case report describes a horse that was initially diagnosed
and treated for a dental sinusitis. Despite routine removal of
the involved teeth and appropriate treatment, the sinusitis
did not resolve. Over the following 6 months, growth of a
tumour in the left maxillary sinus became apparent with
recurrence despite attempted surgical removal.

Fig 2: Immunohistochemistry of a malignant peripheral nerve
sheath tumour showing neoplastic cells with strong red labelling
for neuron-specific enolase.
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The primary aetiology of the PNST in this horse remains
unclear. This horse may have had a primary dental sinusitis
and growth of a PNST was stimulated by inflammation of
neural tissue within the maxillary sinus (infraorbital nerve or
mucosal olfactory plexus). Alternatively, the PNST, as the
primary lesion, resulted in the pathological destruction of the
teeth roots. The latter explanation seems less likely, because
there was no evidence of a mass in the first CT examination
or in the first surgery and it would be atypical for a PNST of
this low malignancy grade to invade into and destroy dental
tissue. However, it is also atypical to have apical infection of
2 or 3 teeth at the same time. In hindsight this should have
made the clinicians wary and a histological tissue analysis
could have been performed earlier in this case.

Almost none of the typical features of paranasal sinus
neoplasia were present on the initial diagnostic evaluation,

even with the use of multiple imaging modalities. The margins
of the lesion were not well defined, without capsule and
confluent to the normal bony structures. There was no
obvious mass effect or expansile growth visible. The severe
findings affecting the maxilla were primarily interpreted as
secondary to the previous surgeries and the generalised
rough trabecular pattern was interpreted as chronic osteitis.
This highlights the need for caution when interpreting
diagnostic images taken at a single point in time.
Macroscopic detection of neoplastic processes can take
time, and vital information about disease progression can be
gained from repeated diagnostic evaluations.

The outcome of this case suggests that sinonasal low
grade malignant PNSTs in horses may recur after incomplete
surgical removal. Although evaluation of more similar cases
would be required to confirm this, such behaviour is typical of

a)

b) d)

c)

Fig 3: Gross pathology (a), post mortem computed tomography (b), post mortem magnetic resonance imaging (MRI) T1W-TSE (c) and
post mortem MRI T2W-TSE (d) transverse section of the head at the level of teeth 109 and 209 (missing). There is an ill defined space
occupying lesion partially filling the left maxillary sinus (black asterisk) and interspersed with thin bony septae (fat white arrow). The left
infraorbital canal (slim black arrow) is enlarged, displaced ventrally and its wall is irregularly thickened with an area of focal lysis.
Ventrolateral to the left infarorbital canal, a part of the rostral maxillary sinus is fluid filled (fat black arrow, recognisable by the high
signal intensity on MRI T2w sequence and low signal intensity on the T1w image). The left maxillary bone is thickened and minimally
deformed (black arrowheads). There is fluid visible in the right maxillary sinus post mortem. Positioning of the horse: left lateral
recumbency for the computed tomography examination; and right lateral recumbency for the MRI examination.
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these tumours at other sites. Complete surgical removal is
often difficult, especially when the tumour is poorly defined
and of infiltrative nature. In general the outcome after
surgical treatment of tumours of the paranasal sinuses is
reported as poor with only 18% of the horses being
asymptomatic after surgery and 12% showing long-term
remission (Tremaine and Dixon, 2001b). In this case the only
solution was to resect as much of the tumour as possible
within the sinus and aggressively curette the involved areas;
however, given the complex structure of the maxillary sinus,
residual tumour cells were probably left behind. In the
authors’ opinion a more aggressive surgical therapy such as
a maxillectomy is not a viable option in a horse. The use and

the benefits of additional local treatments, like cryotherapy
and radiotherapy, to prevent recurrence of sinonasal tumours
may have been considerable options. However the use and
the benefits of such local treatments is sparsely reported in
the literature (House et al. 1976; Orsini et al. 2004) and there
are limitations to their use.

The complexity of the equine skull anatomy makes it an
ideal area to image in multiplanar cross-sections (Tucker and
Farrell 2001). We opted to perform 2 CT examinations.
Although spatial resolution of CT may be greater than MRI,
the superior tissue contrast resolution of MRI provides more
detailed information of the soft tissues, as well as the osseous
structures of the skull and enables detection of lesions

a) c)

d)b)

Fig 4: Gross pathology (a), post mortem computed tomography (CT) (b), post mortem magnetic resonance imaging (MRI) T1W-TSE (c)
and post mortem MRI T2W-TSE, (d) transverse section of the head at the level of the teeth 110 and 210 (missing). The ill defined space
occupying lesion is almost completely filling the left rostral maxillary sinus (black asterisk) and the dorsal conchal sinus (double black
asterisk). The left dorsal conchae is replaced by irregularly defined, wavy bony lamellae (slim white arrow). There is complete loss of
definition of the left ventral conchae (fat white arrow). On MRI the lesion has a heterogenous signal intensity with fluid filled areas (high
signal intensity on MR T2W images and low signal intensity on MR T1W images) interspersed in more solid tissue. The infraorbital canal
has a similar appearance as in Fig 3. Focal loss of continuity of the left maxillary bone (thin black arrow) due to previous surgery. Fluid
lines in the right nasal concha on post mortem CT and in the right maxillary sinus on post mortem MR are due to the positioning during
the post mortem examination: left lateral recumbency for the computed tomography examination; and right lateral recumbency for the
MRI examination.
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unrecognised with other imaging techniques (Tucker et al.
2010). Performing an MRI in the live horse at an earlier time
point may have been advantageous in making the diagnosis
earlier. A limitation in the attempt for a post mortem imaging
diagnosis was the lack of contrast administration; however,
the high signal intensity on T2 sequences, suggested the
presence of fluid and/or an active lesion within the left
maxillary sinus. Other than the described slight expansile
lesion dorsal to teeth 207 and 208, there was no obvious mass
effect visible. A further limitation is the lack of a post contrast
CT acquisition. In hindsight a post contrast CT scan also may
have helped in making the correct diagnosis at an earlier
time point. When a soft tissue mass is suspected a post
contrast CT acquisition should be taken into close
consideration, especially if an MRI examination is not possible
and if there are no financial constraints.

In man, PNSTs of the sinonasal tract are also very
uncommon and arise either from the sheath of the maxillary
and ophthalmic divisions of the trigeminal nerve or from the
autonomic ganglia (Jacopo et al. 2009). Because of the
missing capsule in PNSTs the human literature suggests that
they could develop from the autonomic nervous system,
which is devoid of perineural cells (Buob et al. 2003; Jacopo
et al. 2009). In our case, the tumour also did not have a
capsule and may have originated from the infraorbital nerve
or from the olfactory plexus in the mucosa of the maxillary
sinus. The infraorbital canal was destroyed and was also
involved in the disease process. This finding, however, should
not be over-interpreted, as it is also a common finding in
sinusitis cases of other aetiologies.

Histologically the newly formed mesenchymal tissue had
an irregular and disorganised infiltrative growth pattern. The

a) c)

d)b)

Fig 5: Gross pathology (a), post mortem computed tomography (CT) (b), post mortem magnetic resonance imaging (MRI) T1W-TSE, (c)
and post mortem MRI T2W-TSE (d) transverse section of the head at the level of the teeth 111 and 211 (missing). There is a moderate
amount of generalised thickening of the frontal bone and the maxillary bone (black arrow heads). The space occupying lesion is
visible extending into the caudal maxillary sinus and partially into the frontal sinus (black asterisk). The lesion consists partially of fluid
(high signal intensity on MR T2W images and low signal intensity on MR T1W images). Appearance of the left dorsal conchae as in Fig 4.
Fluid lines in the right dorsal nasal meatus on post mortem CT and in the right caudal maxillary sinus on post mortem MRI are due to the
positioning during the post mortem examination: left lateral recumbency for the computed tomography examination; and right lateral
recumbency for the MRI examination.
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neoplastic cells were immunohistochemically positive for
markers S-100 and NSE suggesting tissue of neuroectodermal
origin. Overall the histological and immunohistochemical
findings were consistent with a low grade malignant PNST. The
classification of PNSTs in veterinary medicine is difficult
because the histological markers needed to classify the
tumour more accurately are not available. The PNST described
in this case histologically neither had mitotic figures nor
atypical cells but showed infiltrative growth. The slow growth
and the local recurrence typical for soft tissue sarcomas also
support the diagnosis of a low grade malignant PNST.

Conclusion

This case report describes the first case of a low grade
malignant PNST in the maxillary sinus of a horse. Our case
suggests that maxillary PNSTs are slow growing low-grade
malignant tumours that appear to recur if treated with only
surgical excision. PNSTs can invade the paranasal sinus system
and lead to sinusitis. Clinicians have to be aware of tumours in
the paranasal sinuses, even if the clinical and diagnostic
imaging findings are consistent with other disease entities and
consider taking tissue samples for histopathological
examination at an early stage of sinonasal disease.
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Introduction

Whilst great advances have been made in many areas of
equine veterinary science, to date equine oncology has not
attracted significant research or clinical interest. Clinical
oncology has long been a major discipline in human medicine
and more recently has developed into such a speciality in
small animal medicine. In stark contrast, this discipline currently
lags a long way behind in equine medicine (Knottenbelt 2015).
More specifically, head and neck oncology has become a
very advanced speciality in human medicine since the 1970s
(Maran and Wilson 1993), with its progress greatly aided by the
availability of advanced 3-dimensional (3D) imaging such as
magnetic resonance imaging and computed tomography.
Head and neck cancer treatment in man has been enhanced
by the widespread availability of and continuing
developments in radiotherapy and less applicable for
carcinomas which are the most common malignant tumours
of the sinonasal region, of chemotherapy.

Primary malignant tumours of the nasal cavity and
paranasal sinuses are relatively rare and account for only 3%
of all head and neck cancers in man (Grau et al. 2001;
Khademi et al. 2009) but equivalent information on their
prevalence in horses is unavailable. Neoplasia of the
sinonasal area comprises between 2 and 19% of all equine
sinonasal disorders (Knottenbelt et al. 2015) but benign
growths such as sinus cysts or progressive ethmoid
haematomata are approximately three times more common
than neoplasms at this site (Head and Dixon 1999; Tremaine
and Dixon 2001; Dixon et al. 2012).

A large variety of different tumour types can arise in
multiple anatomical sites within the sinonasal regions, with
epithelial tumours (especially squamous cell carcinomas and
adenocarcinomas) the most commonly recorded cell types,
both in man (Grau et al. 2001; Khademi et al. 2009) and in
horses (Dixon and Head 1999; Head and Dixon 1999;
Knottenbelt et al. 2015). In horses, the maxillary sinuses are
the most common site for tumour development (Head and
Dixon 1999), although in man, the nasal cavity can be more
commonly affected by neoplasia (Grau et al. 2001; Katz
et al. 2002). Interestingly, the (small) human frontal sinuses are
rarely (<1% of cases) involved in sinonasal neoplasia in man
(Maran et al. 1993) but a recent equine study using
computed tomography showed the conchofrontal sinuses to
be the most commonly involved compartments (15/15 cases)
(Cissell et al. 2012). This latter study also confirmed the
frequent involvement of multiple sinonasal compartments
with neoplasia and, surprisingly, this 3D imaging usually could
not determine the primary site of these sinonasal neoplasms,
in contrast to historical studies with radiographic imaging,

where a primary site was nearly always documented (Head
and Dixon 1999).

There is predisposition for certain tumour types to develop
at certain anatomical locations in horses, including for
squamous cell carcinoma and unspecified carcinomas to
tend to develop in the maxillary sinus, whilst
adenocarcinomas tend to develop in the nasal and
ethmoidal areas (Head and Dixon 1999). Dixon and Head
(1999) found that just 20% of 28 horses with sinonasal
neoplasia had metastases to drainage lymph nodes
(although another 42% of affected horses had reactive
lymphadenopathy of these lymph nodes) and no distant
metastases were recorded in any horse. Nevertheless, these
tumours present considerable therapeutic challenges (Dixon
and Head 1999; Witte and Perkins 2011) as exemplified in two
of the reports (Federici et al. 2015; Fjordbakk et al. 2015)
published in this edition of Equine Veterinary Education.

Head and Dixon (1999) noted that the absence of case
reports at that time contributed to the lack of advances in
equine sinonasal oncology. However, since then, multiple
case reports and small case series of equine sinonasal
tumours have been published worldwide. These case reports
have been recently systematically reviewed by Knottenbelt
et al. (2015), who have authored the first comprehensive
textbook on equine oncology. In view of these recently
published case reports/series and especially the availability of
a dedicated equine oncology textbook – are case reports/
series still of any real scientific merit?

For certain case reports/series documenting unrecorded
or poorly documented histological types of equine sinonasal
tumours or those that have an accurate diagnosis and good
follow-up information if treated, the answer is a resounding
yes! The four informative papers on equine sinonasal tumours
contained in this edition of Equine Veterinary Education
certainly fulfil these criteria.

Four case reports

In the unique case series by Fjordbakk et al. (2015), the
authors describe six young horses that presented with
maxillary swellings and other signs of sinus disease all caused
by myxomas involving maxillary cheek teeth. Such
odontogenic myxomas have been well described in younger
human patients but have not previously been reported in
horses. In addition to the presence of infiltrative sinus tumours,
all affected cheek teeth showed extensive changes
including malformation or displacement, sometimes involving
unerupted teeth or dental precursors. The authors pertinently
note that these latter features may be diagnostically helpful
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in recognising future cases of this disorder, if detected on
imaging. Because of the rapid growth and extent of these
odontogenic myxomas when diagnosed, effective treatment
was not considered possible (as is often the situation with
sinonasal tumours as later discussed) and all cases were
subjected to euthanasia. The diagnosis of six cases of such a
rare tumour over a short period in a single clinic raises
obvious questions of common genetic or environmental
factors in the aetiopathogenesis of these tumours, which will
hopefully be addressed in future studies.

The case report by Federici et al. (2015) describes a
previously unrecorded tumour of the equine maxillary sinus, i.e.
a peripheral nerve sheath tumour, that also developed in a
young horse. This case originally presented with evidence of
dental sinusitis on two separate occasions, with a total of three
maxillary cheek teeth having apical infection. It appears
possible to this commentator that such an unusually high
number of apically infected cheek teeth, especially in Triadan
positions 10 and 11, could in fact be related to the peripheral
nerve sheath tumour; if the tumour developed in the
infraorbital nerve, which lies directly on the apices of young
maxillary cheek teeth, it could have damaged their alveolar
blood supply, leading to their death and subsequent infection.
Regardless of the aetiopathogenesis of the cheek teeth
infections, the prognosis for complete treatment of the
maxillary sinus tumour in this young horse was poor and it was
subjected to euthanasia. This case report has excellent 3D
images of the affected head, including CT and MRI along with
comparative transverse post mortem anatomical sections of
the affected area. Consequently, it is a valuable addition to
the literature on the unusual histological nature of this tumour
and also from clinical and imaging educational viewpoints.

The case report by Bonilla et al. (2015) describes a 15-year-
old Hanoverian mare that presented with a 10-day history of
maxillary and frontal area swellings and intermittent epistaxis.
Computed tomography of the skull confirmed periostitis of
multiple facial bone sutures, including of the nasofrontal,
nasolacrimal, zygomaticomaxillary and lacrimomaxillary
sutures, in addition to thickening of the nasal septum that
contained hypoattenuated regions. Histology of a nasal
septum biopsy showed a chondrosarcoma, a tumour not
previously reported at this site in horses. As the owner declined
surgical treatment, the horse was treated with rest and anti-
inflammatory agents. The facial swelling and epiphora had
improved at 7 months later but the longer term outlook for this
case must still be guarded. This article has excellent CT images
of the nasal septal tumour and facial suture exostoses and,
interestingly, documents the specific sites of suturitis around
the lacrimal bone, information that is usually lacking in such
cases (Dixon 2014). Histological images of the perplexing
disorder of facial bone suture periostitis are also presented. The
authors aptly suggest that the suture line exostoses may have
developed due to an alteration of the biomechanics of the
skull sutures caused by the nasal septal tumour.

The case report by Lechartier et al. (2015) describes a
gingival tumour that later spread to the nasal cavity. This
case is also of interest because equine sinonasal squamous
cell carcinomas can also originate in the oral cavity (Head
and Dixon 1999; Knottenbelt et al. 2015), although in some
cases it is impossible to determine whether they originated in
the upper respiratory or alimentary tracts (Dixon and Head
1999). The tumour in this case was initially histologically
classified as an aggressive fibrosarcoma, a tumour type that

usually recurs in horses unless completely excised. However,
the nonrecurrence of the tumour in this case, despite
incomplete surgical resection and histological re-evaluation
of the resected tumour allowed a diagnosis of ossifying
fibroma to be later made.

Treatment of sinonasal neoplasia

While the outcome for all horses with maxillary sinus
neoplasia, including the six cases of odontogenic myxoma by
Fjordbakk et al. (2015) and the case with a nerve sheath
tumour (Federici et al. 2015) was disappointing, with all seven
horse being subjected to euthanasia, this is perhaps not
surprising. Sinus tumours develop in air-filled cavities and even
in man, are usually at an advanced stage before
recognisable symptoms develop as a result of local infiltration
of the tumour; usually nasal discharge due to secondary
sinonasal infection or facial remodelling. Even when
symptoms occur in man, these patients are frequently initially
diagnosed as having an infectious or allergic sinonasal
disorder, thus delaying the instigation of appropriate tumour
therapy (Maran et al. 1993; Khademi et al. 2009). Likewise in
horses, cases of sinonasal neoplasia are usually initially
diagnosed as having a sinus infection and in a recent study,
75% of equine sinonasal tumour cases received antibiotic
therapy prior to referral and clinical signs of sinus disease
were present for a median of 70 days before referral (Dixon
et al. 2011), with the tumours obviously being present for an
unknown duration prior to that. Therefore, although early
diagnosis of sinonasal neoplasia is important if they are to be
effectively treated (Witte and Perkins 2011), because of the
unique anatomical site where these tumours develop, early
diagnosis is usually impossible. In horses, the less common,
benign fibro-osseous sinonasal tumours that are well defined,
allow complete surgical excision and can be effectively
treated even when longstanding (Dixon and Head 1999).

Most people under 45 years of age with head and neck
tumours have a worse prognosis than older patients as there
may be an immunological dysfunction that allowed these
tumours to develop (Maran et al. 1993). The fact that all
seven maxillary sinus tumours reported by Fjordbakk et al.
(2015) and Federici et al. (2015) were in young horses may
have meant that the prognosis was worse than usual, even if
treatment had been attempted. Other features that make
therapy of many sinus neoplasms difficult in horses include
the absence of recognisable surgical boundaries between
the sinonasal tumour and normal sinonasal mucosa; the
many and variable recesses within and the vascular nature of
the sinonasal region and finally, the presence of multiple,
immediately adjacent vital structures such as the calvarium,
cranial nerves, orbit and dental alveoli that make radical
resection of suspected tumour with suitable surgical margins
difficult or impossible. The limitations of surgical treatment are
well recognised in man where many maxillary sinus
neoplasms are treated by radiotherapy with or without
surgical resection (Katz et al. 2002). Radiotherapy either by
teletherapy (from external radiation sources) or
brachytherapy (from radiation sources implanted in the
tumour) are available in a few equine centres, with the latter
having the advantage for horses of avoiding multiple general
anaesthetics but the disadvantage of limited radius of
therapy and practical and safety considerations with
administering this therapy. With the increasing availability of
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equine teletherapy (including currently one clinic in UK and
six clinics in USA), hopefully results from larger case series will
be made available, allowing more informed treatment
decisions on radiotherapy to be made in the future. However,
radiation therapy is not without risk including causing bilateral
irradiation of the optic nerves risking blindness (Katz et al.
2002; Khademi et al. 2009).

Intralesional chemotherapy with agents such as cisplatin
combined with surgical debulking is an alternative treatment
(Theon et al. 1997; Witte and Perkins 2011) but evidence of
efficacy of this multimodal therapy is currently lacking and
such therapy in the ethmoid region risks causing barin
damage (Maischberger et al. 2014). Case reports on the
response of equine sinonasal tumours to such multimodal
therapy would be further welcome additions to the body of
knowledge on equine oncology. It must be remembered that
not all cases of equine sinonasal neoplasia are treatable.
Because of the site and nature of some of these tumours in
man, even when resources can be almost limitless, Maran
et al. (1993) note that some patients are untreatable and
some that are potentially treatable are better off not treated.
In retrospect, the management of the above seven cases of
maxillary neoplasia was appropriate using current standards.

Conclusion

Although single case reports and small case series represent
the weakest level of scientific evidence (Eddy 1990), the
current shortage of information relating to the uncommon
tumours affecting the equine head mean that valuable
information can be gleaned from the four publications
published in this edition of Equine Veterinary Education.
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Where does it hurt? Problems with interpretation of regional and
intra-synovial diagnostic analgesia
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Summary
Detailed clinical evaluation and diagnostic analgesia are
crucial for accurate lameness diagnosis. This review discusses
the ways in which local analgesic techniques can cause
confusion and highlights how important it is to recognise that
the majority of methods are less specific than was formerly
thought. Interpretation of responses must be done together
with the results of clinical examination and careful
assessment of diagnostic images. With the knowledge of false
negative and false positive results of local analgesic
techniques and the recognition that there may be more than
one focus of pain contributing to lameness, it is still possible
to reach accurate diagnoses, provided that a logical,
thoughtful approach is utilised.

Introduction

Equine clinicians spend a large proportion of time trying to
determine the source(s) of pain causing lameness. Although
a thorough clinical examination is absolutely mandatory in
every lameness case, there is no question that clinical
examination can be misleading. Young Thoroughbred
racehorses frequently show pain to palpation of the foot with
hoof testers, moderate pain on palpation of the proximal
aspect of the suspensory ligament when squeezed against
the third metacarpal bone and possible pain on palpation of
the dorsal cortex of the third metacarpal bone, and yet none
of these clinical findings may be implicated in their current
lameness. Horses from each sports discipline have their own
misleading clinical features. The use of diagnostic analgesia
to localise the seat of pain accurately is therefore essential,
assuming that the results are interpreted bearing in mind the
clinical signs. Only when this is established can imaging
modalities be utilised to determine which structures are
damaged, and to what degree, to produce the pain
causing the lameness. No details on practical guidelines and
techniques needed to achieve these blocks are provided
here, and the reader is directed to the standard texts (Moyer
and Schumacher 2007; Bassage and Ross 2010).

This review focuses on the reliability of nerve blocks for
determining the source(s) of pain. Reference is generally
made to forelimbs, but comments can be assumed to relate
to hindlimbs unless otherwise specified. The review is not
comprehensive, but highlights the most common pitfalls.

General principles

• Never attempt to carry out diagnostic analgesia on a
horse showing a subtle or shifting lameness that one

cannot convincingly see on repeated trotting. The
lameness should be consistently observable between
episodes of trotting. In a horse showing a lameness that
‘warms out’ with exercise, great care should be taken in
interpretation of a positive block. Sometimes the only way
to investigate these horses is to perform only one block per
day over succeeding days, and this may not be practical
in general practice.

• Bear in mind that a low grade baseline lameness seen in
hand may not be the lameness a rider appreciates when
a horse is ridden; substantial lameness may be apparent
when a horse is ridden that is not seen under other
circumstances.

• Document the characteristics of the gait, and the grade of
the lameness before and after diagnostic analgesia;
otherwise improvement in lameness may be missed (Dyson
2013a).

• Try to avoid interpretation bias. It has been well
documented that the human brain can be subject to bias
both in a positive and negative way in relation to
diagnostic analgesia (Arkell et al. 2006). This can be
because a clinician has formed an opinion during the
clinical examination that the lameness originates from a
certain structure and is therefore ‘expecting’ the horse to
improve following desensitisation of this structure. In our
experience this is most likely if the horse is difficult to block,
because one is hoping for the block to be positive in order
to complete the examination. This temptation has to be
resisted, and one of the best ways to ensure this is to ask
an outsider to assess the lameness at each stage if at all
possible. In general clinical practice this may not be as
easy as it is in a clinic environment. The use of video gait
analysis systems and inertial measurement units as
objective measures of degree of lameness may well
revolutionise lameness investigation in the future, but have
not so far permeated into widespread use in general
practice.

• The pros and cons of various local anaesthetic solutions
available have been well reviewed elsewhere
(Schumacher et al. 2013), but we strongly recommend
mepivacaine hydrochloride. The speed of onset of action
is good (5–10 min, depending on site) and the duration of
action is sufficient (1–3 h) (Bidwell et al. 2004).
Mepivacaine also causes less soft tissue reaction and
chondrotoxicity than other local anaesthetic agents
(Specht et al. 1988).

• Perineural analgesia may affect the gait, irrespective of
abolition of pain. Clinically sound horses subjected to
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palmar nerve blocks at the base of the proximal sesamoid
bones (PSBs) showed gait changes after the blocks which
were consistently and significantly different to their baseline
trot (Drevemo et al. 1999). Each horse acted as its own
control; video recordings used for analysis were acquired
during treadmill trotting in order to standardise the gaits.
The nerve blocks resulted in a longer stance time and
greater degree of metacarpophalangeal (MCP) joint
excursion than baseline. Many clinicians will have observed
that horses with lameness associated with proximal
metacarpal region pain appear significantly lamer
following diagnostic analgesia of the digit. This can be
clinically useful in horses in which lameness is insufficiently
consistent to allow the use of diagnostic analgesia. If the
foot is not the site of pain producing the lameness,
removal of sensation from the foot may allow a full
lameness work up to be carried out during the next hour
because of the increased degree of lameness. We believe
that this effect is due to lack of proprioception from the
foot, and the horse overloading the limb until the pain is
perceived, with exacerbation of the lameness.

• Clinicians can become obsessed with the idea that
horses have only one source of pain causing lameness,
but in the current authors’ experience, this is often not
the case (Dyson and Murray 2003, 2012; Girodroux et al.
2009; Zimmerman et al. 2011; Dyson 2014a,b; Marneris
and Dyson 2014; Barstow and Dyson 2015; Dyson and
Rasotto 2015; Plowright and Dyson 2015). When
employing diagnostic analgesia, one should always keep
an open mind and assess the gait of the horse afresh on
every single post analgesia trot, as subtle changes may
occur. Pain causing lameness may be present in an
identical site in 2 limbs or even 4 limbs. Similarly, even
within a single limb, pain causing lameness may be
present in more than one site. This often explains the
sometimes partial resolution of lameness following
diagnostic analgesia. The results of magnetic resonance
imaging (MRI) are often frustrating; a report lists lesions
around the structure of concern, localised by the use of
diagnostic analgesia. However, it would be simplistic to
assume that only one of these areas of pathology seen
on an MR image is painful. Judging from personal
experience of pain resulting from physical injury, it is
possible that the horse has a dull ache from the region
comprising pain from more than one individual structure
and it may well be that the use of local anaesthetic
solution will alter the lameness, because of altering the
balance of the origin of pain, without eliminating it.
Conversely, we have no way of knowing whether the
changes seen in multiple sites following MRI investigation
are associated with pain or not, or even whether they
are truly pathological, or just the extremes of normal
adaptive changes seen in the equine athlete.

• Partial improvement in gait does not always mean,
however, that more than one structure is involved.
Lameness associated with pain originating from the
deeper subchondral bone, or from osseous cyst-like lesions
in that site, is often only improved following intra articular
diagnostic analgesia, for reasons discussed later. Palmar
digital nerve blocks may result in partial improvement in
lameness associated with a deep digital flexor tendon
lesion in the digit because nerve fibres enter the tendon
further proximally.

• Testing whether a regional block has sufficiently
desensitised the target area often involves assessing distal
skin sensation. Clinicians should be aware that most pain is
conveyed to the central nervous system via lightly
myelinated type A delta fibres and nonmyelinated C fibres
(Todhunter 1996). When local anaesthetic bathes a nerve,
often also wrapped in fibrous fascia, it is quite possible for
the local anaesthetic solution to block pain fibres fully
without totally abolishing skin sensation because of the
differing fibre size and degree of myelination. It is a
relatively common finding that immediately prior to the
abolition of skin sensation there is actually a period of skin
hyperaesthesia, where horses seem very sensitive to
palpation. It is therefore useful always to trot a horse up
following the use of a regional nerve block even if it
appears not to have ‘taken’. If skin sensation is still present
and the lameness is unchanged then one is justified to
repeat the nerve block.

• Although it is tempting, and often useful, to use
tranquillisers to ease multiple needle entry into a limb, it
should be noted that some of these drugs have the
potential to provide analgesia. Xylazine is particularly
potent in this respect, and doses as low as 0.15 mg/kg bwt
(0.75 ml of a 10% solution/500 kg horse) can significantly
ameliorate or even abolish lameness very rapidly (R.
Pilsworth, unpublished data). Gait patterns measured using
3-dimensional accelerometry were altered by either
intravenous xylazine, detomidine or romifidine (L�opez-
Sanrom�an et al. 2013) or sublingual detomidine (L�opez-
Sanrom�an et al. 2014). Acepromazine (0.05 mg/kg bwt i.v.)
is not analgesic, and may also facilitate the recognition of
low grade lameness because of a general reduction in
muscle tone, and may be preferable.

• Inadvertent injection into lymph vessels may result in false
negative responses to perineural analgesia (Nagy et al.
2009). If the clinical signs and response to local analgesia
are inconsistent it may be worth repeating the block on a
subsequent occasion.

• The clinician should be aware of the fact that in multiple
locations, most of which are mentioned in this review,
inadvertent penetration of synovial structures can occur
during perineural injections. The clinician has to take a risk/
benefit assessment of whether it is beneficial to perform a
full presurgical preparation of the site and to wear sterile
gloves for every perineural injection in these sites. Most do
not, and are comfortable with cleaning of the site,
followed by wiping with alcohol, but this is an individual
decision, and needs consideration. In the authors’
combined experience of 60 years they have had 2 cases
of synovial sepsis following perineural injections.

• Neuropathic pain can be difficult to abolish by local
analgesia, for example pain associated with laminitis. In
chronic laminitis there is abnormal peripheral nerve
morphology with a reduced number of unmyelinated and
myelinated nerve fibres and upregulation of a neuronal
injury marker in the sensory nerve cell bodies innervating
the hoof in the dorsal root ganglion of the 8th cervical
nerve (Jones et al. 2007).

• Severe focal pain, most particularly within the digit, may
be difficult to resolve, for example pain associated with
some fractures of the distal phalanx or navicular bone, or
a subsolar abscess.
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Analgesia of the equine digit: ‘the foot block’

There are 2 main diagnostic blocks that are commonly
performed as ‘foot’ blocks, palmar digital nerve blocks
(PDNBs) and analgesia of the palmar/plantar nerves at the
level of the base of the PSBs.

Generations of veterinary students were dogmatically told
that PDNBs only abolished pain from the palmar third of the
foot, but this is incorrect. These blocks usually abolish pain
originating from the distal interphalangeal (DIP) joint (Easter
et al. 2000), and most of the solar region, and commonly
remove skin sensation from the dorsal aspect of the coronet.
The blocks should be carried out as far distally as possible
adjacent to the heel bulbs so that proximal migration of local
anaesthetic solution, which has been documented following
perineural deposition (Schumacher et al. 2013), will be less
likely to abolish lameness in an unintended site. The PDNB
can therefore be regarded as a fairly reliable ‘foot block’
and will theoretically desensitise almost all the weight-bearing
areas of the sole, most of the coronet, the DIP joint, the
navicular bone and bursa, the distal portion of the deep
digital flexor tendon (DDFT) and the collateral ligaments of
the DIP joint. However in practice in sports horses pain
associated with these structures may only be improved rather
than abolished and with severe lesions of the palmar
compact bone of the navicular bone there may be minimal
change in the baseline lameness (Parkes et al. 2015). Similarly
severe lameness associated with a fracture of the navicular
bone or a palmar process of the distal phalanx may persist
unchanged. However, pain associated with the proximal
interphalangeal (PIP) joint may be improved as a result of
proximal diffusion. Conversely, pain associated with
osteoarthritis of the DIP joint may not respond to PDNBs in
some horses if the subchondral bone of the middle phalanx is
diseased. This may be because the bone in that site is
innervated by nerve branches exiting the bone through the
more proximal nutrient foramen, which is not desensitised by
PDNBs (Dyson 1986; Niv et al. 2003).

We have had personal experience of horses later
documented to have problems related to the MCP or
metatarsophalangeal (MTP) joint (positive to intra-articular
block, MRI findings, and marked focal increased
radiopharmaceutical uptake on scintigraphy) for which the
lameness had been abolished on 2 separate occasions by
PDNBs, performed as far distally as possible, by 2 different
clinicians, and with small volumes of local anaesthetic
solution (1.5–2 ml). Therefore, if imaging of all the structures of
the digit following positive PDNBs fails to reveal an
abnormality, then the ‘net’ should be widened to include the
MCP/MTP joints.

Palmar nerve blocks at the base of the proximal sesamoid
bones are usually entirely successful in abolishing pain in the
digit. However, the blocks commonly improve pain
associated with structures within and around the MCP/MTP
joints, including the suspensory ligament (SL) branches, the
distal aspect of the third metacarpal bone, and the PSBs,
and can therefore be extremely misleading (Daniel et al.
2013). Pain from incomplete fractures of the proximal phalanx
may also be improved (Dyson et al. 2011). Although some
clinicians prefer the use of a mid-pastern ring block, this also
has the potential to improve pain associated with the fetlock
region (A.Nagy and R.Malton, personal communication
2014). There is therefore no ideal method of reliably

differentiating foot, pastern and fetlock pain; if clinicians are
aware of this, they can direct further investigation
accordingly by intra-articular or intrathecal analgesia and
imaging all potential sources of pain. Moreover it must also
be recognised that despite pain originating from the foot,
sometimes lameness may persist despite apparent
desensitisation of the foot. Causes include a subsolar abscess,
laminitis, fracture of an ossified ungular cartilage and
adhesions between the DDFT and the palmar compact bone
of the navicular bone. This scenario appears to be limited to
the foot and may be related to the structures being confined
within the rigid hoof capsule and an effect of pressure.

Intra-articular and intrathecal blocks within the
digit

Having localised pain to the digit using perineural analgesia,
more accurate localisation of the site of pain causing
lameness is desirable. Many advances have been made in
recent years, highlighting potential pitfalls in interpretation. In
59 horses in which lameness was significantly improved by
PDNBs, lameness was reassessed after intra-articular
analgesia of the DIP joint and on a separate occasion
intrathecal analgesia of the navicular bursa (Dyson and Kidd
1993). The majority of the horses (41/59) responded equally
well to analgesia of either site. This was explained by an
in vitro study in which local anaesthetic solution was injected
into the DIP joint and was found in the spongiosa of the
navicular bone at analgesic levels in 40% of injected horses
(Keegan et al. 1996). Similarly Gough et al. (2002a) elegantly
showed cross diffusion of local anaesthetic solution between
the DIP joint and the navicular bursa by collection and assay
of synovial fluid from the two sites following injection of
mepivacaine. There was diffusion at analgesic levels in 100%
of limbs after injection of the DIP joint and collection from
the navicular bursa, but in the reverse direction in less than
half (44%) of limbs. The general consensus is that intrathecal
analgesia of the navicular bursa may improve pain
associated with at least the navicular bone, collateral
sesamoidean and distal sesamoidean impar ligaments, DDFT,
and the palmar processes of the distal phalanx. However,
false negative results are also seen (Parkes et al. 2015). Intra-
articular analgesia of the DIP joint improves pain not only in
the joint but also all of the structures normally blocked by
intrathecal analgesia of the navicular bursa. In other words
this is not a simple 2-way cross communication (Schumacher
et al. 2003). To confound things further, experimentally-
induced solar pain was improved by injection of local
anaesthetic solution into either the DIP joint or the navicular
bursa (Schumacher et al. 2001a; Sardari et al. 2002).
Moreover, contrary to expectations, analgesia was most
effective in the toe region of the sole and least effective in
the palmar angles of the sole (Schumacher et al. 2001a). A
separate study showed that the volume of local anaesthetic
solution injected into the DIP joint could influence the
portions of the sole that are desensitised (Schumacher et al.
2001b). Using 6 ml of local anaesthetic solution only the toe
was desensitised, but when the volume of injection was
increased to 10 ml solar pain from both the toe and the
angle of the heel was abolished. Other considerations
include the close anatomical proximity of the navicular bursa
to the digital flexor tendon sheath (DFTS), the dorsoproximal
recess of the DIP joint, and the dorsal aspect of the PIP joint,
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and the potential for diffusion of local anaesthetic solution
between structures.

The specificity of intra-articular analgesia of the PIP joint
depends on the route of injection. Using a dorsal approach
the block is reasonably accurate. However, with a palmar
approach there is the potential for local anaesthetic solution
to leak out through the needle hole and bathe the palmar
soft tissue structures of the pastern. One author has
inadvertently removed pain from injuries of a superficial
digital flexor tendon (SDFT) branch, oblique sesamoidean
ligament and DDFT using the palmar approach (S. Dyson,
unpublished data).

Diagnostic blocks of the digit – key points
• Use the PDNB as the routine ‘foot block’.
• If there is any indication of fetlock joint pain, consider intra-

articular analgesia of the MCP joint.
• Use small volumes of local anaesthetic solution for

perineural blocks (1.5 ml).
• Block the palmar digital nerves as far distally as possible

adjacent to the ungular cartilages/bulb of the heel.
• Blocking the DIP joint is nonspecific and may alleviate pain

not only from the joint, but also the navicular bone,
navicular bursa, collateral sesamoidean and distal
sesamoidean impar ligaments, and DDFT.

• Small volumes of local anaesthetic solution should be used
for DIP joint block in order to avoid desensitising the whole
of the sole (6 ml maximum).

• Analgesia of the navicular bursa may remove solar pain at
the toe.

Analgesia of the metacarpophalangeal or
metatarsophalangeal joints

The MCP and MTP joints are common sources of pain in both
racing Thoroughbreds and other sports horses. It is important
to recognise the variation in responses to both perineural and
intra-articular analgesia. The MCP and MTP joints are richly
innervated with substance P immunoreactive sensory nerve
fibres (Nixon and Cummings 1994), substance P being a
neurotransmitter responsible for signalling pain. These fibres
are found in the joint capsule, synovial membrane, subintimal
layers, collateral ligaments, SL, distal sesamoidean ligament
attachments to the PSBs and the periarticular periosteal bone
layers. There are also nerve fibres in the subchondral bone
plates of the third metacarpal bone and the proximal aspect
of the proximal phalanx, associated with the blood vessels
and small cancellous spaces and Haversian canals of the
subchondral bone. The deeper marrow spaces contain
greater numbers of substance P reactive sensory fibres
compared with cortical bone. We have to accept the fact
that no single nerve block is likely to produce desensitisation
of all of these pain-conveying structures and pathways.

Perineural blockade
‘Low 4-point block’
Perineural analgesia of the palmar (at the junction of the
proximal ¾ and distal ¼ of the metacarpus) and palmar
metacarpal (distal to the ‘button’ of the second or fourth
metacarpal bone), a ‘low 4-point block’ should improve
fetlock region pain. Both nerves facilitate transmission of
nerve impulses perceived as pain from the MCP joint (Gray

et al. 1980) and blockade of either the palmar/plantar nerves
alone or the palmar/plantar metacarpal/tarsal nerves alone
only resulted in improvement in gait, but persistent lameness.
When investigating the very site-specific subchondral bone
injury in the palmar aspect of the condyles of the third
metacarpal/metatarsal bone in racing Thoroughbreds, it is
often possible to completely eliminate lameness by blockade
of the medial/lateral palmar/plantar metacarpal/metatarsal
nerves alone. This effectively desensitises the medial or lateral
condyle only, but may give significant information about the
possible aetiology of the lameness entirely because of this. In
the Thoroughbred racehorse, subchondral repetitive strain
injury lesions in the forelimb very commonly affect
predominantly the medial condyle, and in the hindlimb the
lateral condyle, therefore analgesia of one palmar/plantar
nerve at a time may give clues as to the likely nature of the
lesion causing pain. For less localised pathology, all 4 nerves
need to be desensitised to abolish lameness (Gray et al.
1980).

Most, but not all, MCP joint lameness is abolished by a
correctly positioned ‘low 4-point block’. However, there is a
small number of horses with advanced, extensive
subchondral bone injury of the third metacarpal bone in
which soundness is not achieved until perineural analgesia of
the palmar metacarpal nerves is performed immediately
distal to the carpus. This is because the nerves that convey
pain from these lesions exit through the nutrient foramen in
the middle of the third metacarpal bone in most horses
(Todhunter 1996). A similar situation arises in relation to pain
originating from the deep subchondral bone in the middle
phalanx in cases of advanced degenerative joint disease of
the DIP joint, as outlined earlier (Dyson 1986; Niv et al. 2003).

Studies using contrast medium injected in the traditional
site for the ‘low 4-point block’ have shown limited proximal
diffusion and the main contrast medium patch never
progressed proximal to the mid metacarpal region (Nagy
et al. 2010). This would not be proximal enough to remove
pain conveyed by nerve fibres exiting through the nutrient
foramen, which is normally situated at the junction between
the proximal and the mid third of the metacarpus. It is often
assumed that horses that improve significantly following a
‘low 4-point block’ and become completely sound following
palmar metacarpal (subcarpal) nerve blocks have proximal
suspensory desmopathy (PSD), but they may have pain
associated with advanced subchondral bone lesions of the
condyles of the third metacarpal bone. This is important
because targeted further imaging may be directed at the
incorrect site.

With a ‘low 4-point block’ local anaesthetic solution may
inadvertently be injected into the DFTS via the palmar nerve
block site (Nagy et al. 2010). This has implications for sterility
and interpretation of the block, which may have a false
negative response.

It is a widely held belief that in a hindlimb the medial and
lateral dorsal metatarsal nerves, should be blocked in
addition to the normal sites desensitised in a ‘low 4-point
nerve block’, making a ‘low 6-point nerve block’. These 2
nerves theoretically convey pain from the dorsal components
of the MTP joint. We have not done this for many years,
wishing to minimise the number of needle manipulations,
especially in fractious horses. We are not aware that any
horse has come to light where the diagnosis was missed as a
result. Lameness associated with proximodorsal fractures of
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the proximal phalanx has been totally abolished on numerous
occasions using a ‘low 4-point nerve block’, indicating that
additional blocks to desensitise the dorsal aspect of the MTP
joint are unnecessary. This has also been suggested by others
(Carter and Hogan 1996).

Intra-articular and intrathecal analgesia

There are potential advantages of intra-articular anaesthesia
of the MCP joint in a fractious horse rather than perineural
blocks, because only one needle entry is required and this is
often well tolerated even by relatively ‘needle-shy’ horses.
Many horses with MCP joint pain improve considerably after
intra-articular analgesia; however, some horses with
subchondral bone injury or subchondral pain associated with
advanced osteoarthritis are not improved although lameness
is improved or abolished by a ‘low 4-point block’. Often a
combination of both intra-articular and perineural
anaesthesia is needed to achieve soundness, so a logical
progression is to perform intra-articular analgesia first. If
lameness is abolished no further blocks are required. If the
horse’s lameness improves, but not greatly, a ‘low 4-point
nerve block’ should follow. The presence of some residual
lameness after this combination could mean pain causing
lameness is situated in another more proximal site, or some
pain from the distal condyles of the third metacarpal/
metatarsal bones is being carried via the nerves exiting via
the nutrient foramen.

Intra-articular analgesia of the MCP joint is not specific for
structures within the joint. The subsynovial location of the SL
branches and the proximal aspects of the straight and
oblique sesamoidean ligaments results in rapid pain relief
from any of these structures after intra-articular analgesia
(Daniel et al. 2013; Marneris and Dyson 2014). Suspensory
branch injury and MCP joint disease may also coexist
(Marneris and Dyson 2014). Intrathecal analgesia of the DFTS
is not specific for structures within the sheath and can
potentially remove pain from the straight and oblique
sesamoidean ligaments. False negative results can also occur
in the face of extensive adhesion formation within the DFTS.

MCP/MTP joint region blocks – key points
• PDNBs or palmar nerve blocks at the base of the PSBs can,

by proximal diffusion, improve fetlock region pain.
• Intra-articular analgesia of the MCP/MTP joint may not

remove pain associated with subchondral bone pain, and
therefore gives a misleading false negative result.

• A ‘low 4-point nerve block’ may result in a significant
improvement in, but not abolition of lameness associated
with subchondral bone injury of the third metacarpal bone
because some nerve fibres that convey pain exit the bone
via the nutrient foramen proximal to the site of the block.

• Intra-articular analgesia of the MCP joint may influence
periarticular soft tissue structures.

Analgesia of the proximal metacarpal and
pericarpal region

The proximal palmar metacarpal region contains several soft
tissue structures which are potential sources of pain: the SDFT,
the DDFT, the accessory ligament of the DDFT (ALDDFT) and
its origin from the third and fourth carpal bones, the SL and its

origin from the third metacarpal bone and the accessory
ligament of the SL. In addition pain can be present as a result
of primary bone injury of the proximal palmar aspect of the
third metacarpal bone because of an avulsion fracture at
the origin of the SL (Bramlage et al. 1980) or because of
stress-related bone injuries (Dyson 1988; Powell et al. 2010;
Morgan and Dyson 2012).

Perineural analgesia

There are various ways of achieving perineural analgesia of
the structures in this region, which include:
• Techniques aimed at removing pain from the third

metacarpal bone, SL and ALDDFT:

(a) Blockade of the medial and lateral palmar
metacarpal nerves, from either a lateral approach or
from lateral and medial approaches (Dyson 1984).

(b) Blockade of the lateral palmar nerve at the level of
the accessory carpal bone, using a medial approach
(Castro et al. 2005).

(c) Blockade of the deep branch of the ulnar nerve
(lateral palmar nerve) at the level of the accessory
carpal bone (Wheat and Jones 1981; Dyson 1984;
Ford et al. 1989).

• A technique aimed at removing pain from the third
metacarpal bone, SL, ALDDFT and also the DDFT and SDFT:

(a) Blockade of the palmar and palmar metacarpal
nerves immediately distal to the carpus (Dyson 1984),
a ‘high 4-point nerve block’.

No technique is specific and it is important to recognise
the limitations of each. None of the techniques may
influence lameness associated with proximal injuries of the
SDFT. The medial approach to the lateral palmar nerve may
result in desensitisation of the palmar aspect of the carpus
because of proximal diffusion around the median nerve and
the caudal branch of the ulnar nerve (Nagy et al. 2012). The
lateral approach to the lateral palmar nerve may result in
injection into the carpal sheath and false negative or false
positive results depending on the source of pain (Ford et al.
1989; Nagy et al. 2012). This technique has also resulted in
alleviation of pain from the antebrachiocarpal (ABC) joint (R.
Pilsworth, unpublished data). Perineural analgesia of the
palmar metacarpal nerves at subcarpal level may result in
analgesia of the middle carpal (MC) and carpometacarpal
joints because of direct penetration of the distal palmar out-
pouching of the joint capsule (Ford et al. 1989; Nagy et al.
2012) or via proximal diffusion along tissue planes around the
nerves (Nagy et al. 2012) (Fig 1). Comparison of the response
to intra-articular analgesia of the MC joint can sometimes be
helpful, but some horses respond similarly to each block
despite a single source of pain (e.g. PSD), whereas in others
there is more than one source of pain contributing to pain
and lameness (e.g. third carpal bone injury and PSD). It is
therefore strongly recommended that both the carpus and
proximal metacarpal region should be assessed
comprehensively using diagnostic imaging. Other injuries that
should be considered include desmitis of the most proximal
aspect of the ALDDFT (Dyson 2012a), lesions of the palmar
carpal ligaments or the intercarpal ligaments, osseous lesions
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not apparent radiographically but detected using MRI, or
combinations of the above (Brokken et al. 2007; Nagy and
Dyson 2012). The use of an ulnar nerve block can be helpful
to differentiate proximal metacarpal region pain from carpal
pain. Although there is histological evidence to suggest that
both median and ulnar nerves contribute to the innervation
of the SL (Muylle et al. 1998), and lameness induced by
collagenase injection into the lateral branch of the SL was
not alleviated by an ulnar nerve block alone (Keg et al.
1996), perineural analgesia of the ulnar nerve is usually
effective in resolution of pain associated with PSD or proximal
lesions of the ALDDFT (Dyson 2012a; Plowright and Dyson
2015). The reason for this is not clear.

Intra-articular blocks of the carpus
It is universally acknowledged that the carpometacarpal and
MC joints communicate in all horses and therefore
desensitisation of the carpometacarpal joint alone is
unnecessary. Previous studies using arthrography (Van Pelt
1960) or latex injection into the MC joint with subsequent
dissection (Ford et al. 1988) showed no communication
between the MC and ABC joints. However, measurement of
mepivacaine concentrations in each joint after injection of
the other indicated diffusion between the MC and ABC joints
in a very high proportion of horses (Gough et al. 2002a). Thus
intra-articular analgesia should not be considered specific for
the joint injected and a positive response to intra-articular
analgesia of either joint should lead to close radiological

examination of the structures of both joints. In addition intra-
articular analgesia of either the ABC or MC joints has
improved lameness associated with lesions in the carpal
sheath (S. Dyson, unpublished data). There are also false
negative results of intra-articular analgesia of the ABC joint
associated with lesions of the distal aspect of the radius
(Shepherd and Pilsworth 1993), presumably because
subchondral bone pain may not be affected.

Median and ulnar nerve blocks
Median and ulnar nerve blocks should improve lameness
associated with both the osseous and soft tissue structures of
the carpus. However, we have seen improvement in
lameness associated with primary elbow joint lesions following
median and ulnar blocks. Given the close proximity of the site
for a median nerve block and the elbow joint this is easily
understood.

Pericarpal lameness – key points
• Subcarpal injection of local anaesthetic solution can result

in significant proximal diffusion and desensitisation of
structures within the carpus.

• Subcarpal injection of local anaesthetic solution can result
in intra-articular analgesia, which has 3 repercussions.
Firstly, structures within the carpus may be desensitised;
secondly, it may be wise to prepare the skin as for intra-
articular analgesia as a safeguard; and thirdly, it may result
in false negative results if the local anaesthetic solution fails
to desensitise the target nerves as a result of its intra-
articular deposition.

• A lateral approach to the lateral palmar nerve significantly
reduces the chance of intra-articular penetration, but
increases the chance of entry into the carpal sheath.

• Intra-articular injection of local anaesthetic solution into
either of the MC or ABC joints is potentially nonspecific.

• Intra-articular analgesia of the ABC joint may be
ineffective in desensitising articular lesions of the distal
aspect of the radius.

• Intra-articular injection of local anaesthetic solution into the
MC joint results in its presence in the palmar pouches of
the joint, which are immediately adjacent to the palmar
metacarpal nerves and can therefore produce
desensitisation of the palmar metacarpal region.

Analgesia of the proximal metatarsal and
peritarsal region

Perineural blockade
Diagnostic analgesia in the hock and proximal metatarsal
regions is also prone to false positive and false negative
results. There are a variety of techniques for analgesia of the
proximal plantar aspect of the metatarsus:
• Perineural analgesia of the plantar metatarsal nerves alone

at subtarsal level, using either a lateral approach or medial
and lateral approaches (Dyson and Romero 1993). In 8/20
limbs injected with positive radiographic contrast medium
in the same manner as diagnostic nerve blocks, there was
proximal extension of the contrast medium to sites well
proximal to the injection site. There was also contrast
medium in the tarsal sheath in 8/20 limbs injected, and in
the tarsometatarsal (TMT) joint in 1/20. Inadvertent
intrasynovial injection may result in false negative results.

Fig 1: A mixture of 2 ml of mepivacaine (Intra-Epicaine)1 and an
iodine-based radiodense contrast medium (Omnipaque 300)2

injected both medially and laterally in the ‘subcarpal’ site, in the
most proximal aspect of the palpable recess between the
suspensory ligament and deep digital flexor tendon, using
0.8 3 16 mm needles, performed with the leg flexed. The
columns of contrast media originate from the injection site in both
locations, but extend to a level proximal to the middle carpal
joint by tracking alongside the structures in the neurovascular
bundles. In this way a ‘block’ carried out well distal to the carpus
could be responsible for abolition of lameness originating from
the carpal joints.
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• Perineural analgesia of the deep branch of the lateral
plantar nerve (Hughes et al. 2007). We know that
neurectomy of the deep branch of the lateral plantar
nerve may resolve lameness in horses with PSD (Dyson and
Murray 2012), so this is a logical block to use if one wishes
to attempt to desensitise selectively the proximal portion of
the SL and predict the effect of neurectomy. However, it is
crucial to recognise that this block is nonspecific and rapid
desensitisation of the tarsus can occur, as has been
demonstrated clinically by elimination of pain associated
with central and third tarsal bone lesions, and injuries of the
DDFT or accessory ligament of the SL (Labens et al. 2010;
Daniel et al. 2012; Dyson 2013b, 2014a,b; Davis et al. 2014).
Positive radiographic contrast studies and measurement of
mepivacaine concentration in synovial fluid have shown
that this is the result of proximal diffusion of local
anaesthetic solution (Claunch et al. 2013; Contino et al.
2014). There is also a risk of inadvertent injection into the
tarsal sheath, which could result in false negative results.
False negative results may also be due to a too distal site
of injection. In some horses with extensive enthesopathy,
lameness may be improved rather than abolished. It is also
important to recognise that this block can improve fetlock
region pain, so it is important to perform a ‘low 4-point
block’ first.

• Perineural analgesia of the plantar and plantar metatarsal
nerves.

• Tibial nerve block. This block should remove pain from the
plantar metatarsal region and not desensitise the entire
tarsal region. It can be useful to abolish entheseous pain
from the proximoplantar aspect of the third metatarsal
bone.

The lack of sensitivity of all these techniques means that
with a positive response both the tarsus and proximal
metatarsal regions should be carefully assessed using
diagnostic imaging.

Intra-articular analgesia of the tarsus
Contrast medium injected into the TMT joint extended to the
centrodistal (CD) joint in 35% of injected limbs in vivo (Dyson
and Romero 1993); the contrast medium extended around
the tendons of tibialis cranialis and fibularis tertius, and in
some cases entered the tarsal sheath. Moderate extension of
contrast medium in a plantarodistal direction was also
identified in 13 of 20 limbs, indicating that a TMT joint block
may well be responsible for producing analgesia of structures
in the subtarsal region. In a study on diffusion of local
anaesthetic solution between the joints of the tarsus, an assay
of synovial fluid for the presence of mepivacaine following
injection into the hock joints showed diffusion of local
anaesthetic solution between all of the joints in almost all
horses (Gough et al. 2002b). In 100% of horses there was
diffusion between the TMT and CD joints in either direction,
and 92% and 88% of horses showed diffusion of local
anaesthetic solution into the tarsocrural joint after injection
into the TMT and CD joints, respectively. This study showed
that cross diffusion between adjacent synovial structures in
the tarsus is far more common than would be predicted from
in vitro studies using dyes or latex. This is probably because
local anaesthetic solutions have lower molecular weights
than dyes and contrast media and therefore have greater

potential for diffusion. Clinicians therefore have to be aware
that improvement of lameness following injection of one of
the distal tarsal joints does not necessarily mean that the site
of pain lies within that joint. With extensive subchondral bone
pain in association with osteoarthritis intra-articular analgesia
of the CD or TMT joints can result in false negative results
(Dyson 2012b). Intra-articular analgesia of the tarsocrural
joints can also be negative in association with osteochondral
lesions of the talus or osteochondrosis of the intermediate
ridge of the tibia (Fleck and Dyson 2012).

Tibial and fibular nerve blocks
Perineural analgesia of the tibial and fibular nerves should
improve lameness associated with the tarsus. False negative
results can result either from depositing local anaesthetic
solution in incorrect anatomical locations or from not allowing
sufficient time for the blocks to take effect. Continued
improvement may be seen up to one hour after injection
(Dyson 2012b). A premature assessment that there is
persistent lameness may result in erroneous conclusions. A
tibial nerve block may abolish pain associated with
gastrocnemius tendonitis (Dyson and Kidd 1992). Tibial and
fibular nerve blocks have abolished lameness associated with
mid diaphyseal and distal metaphyseal stress fractures of the
tibia in Thoroughbred racehorses (R. Pilsworth, unpublished
observations).

Peritarsal and tarsal analgesia – key points

• Subtarsal block, however carried out, can result in proximal
diffusion of local anaesthetic solution and can abolish pain
associated with the central and third tarsal bones and the
CD and TMT joints.

• Analgesia of the proximal aspect of the SL is probably best
carried out using perineural analgesia of the deep branch
of the lateral plantar nerve only. This is particularly relevant
to decisions concerning management by neurectomy of
this nerve, as the block result is likely to be replicated by
surgery.

• Intra-articular analgesia of the TMT and potentially the
tarsocrural joint will in most (but not all) horses produce
analgesia of the CD joint.

• Similarly, analgesia of the CD joint alone can produce
analgesia of both the TMT and the tarsocrural joints.

Summary and conclusions

With the modern imaging technologies available, and the
expense incurred in their use, it is vital that these diagnostic
aids are aimed at the right target. Unfortunately, diagnostic
analgesia, although very useful in localising pain to broad
regions, is not so useful in localising the seat of pain very
specifically within those regions. It is therefore incumbent
upon us as clinicians to keep an open mind to the possibility
of injury of adjacent structures in subsequent radiographic,
ultrasonographic, MRI or computed tomographic
examinations, and not to be surprised if our initial clinical
diagnosis is incorrect. Despite its pitfalls, a logical approach
using diagnostic analgesic techniques following a thorough
clinical examination is still our best hope of accurately
localising pain and discomfort.
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Summary
Hereditary equine regional dermal asthenia (HERDA) results
from a genetic mutation which affects the skin and other
tissues of Quarter Horses and horses with Quarter Horse
lineage. The disease HERDA has an autosomal recessive
mode of inheritance and has become a significant concern
in the Quarter Horse industry due to the high frequency of
heterozygote carriers. Affected homozygous horses appear
normal at birth; however, within the first 2 years of life they
usually acquire loose, hyperextensible skin and wounds
which result in disfiguring scars either spontaneously or from
minor trauma. Some severely affected horses also develop
haematomas and seromas. Consequently, most affected
horses are subjected to euthanasia at an early age. No
treatment options other than palliative therapy currently exist.
As part of a five panel test (http://www.aqha.com/News/
News-Articles/2013/April/04292013-Genetic-Testing.aspx) the
American Quarter Horse Association presently requires DNA
testing for HERDA on all breeding stallions. There are currently
no restrictions on registration of horses heterozygous or
homozygous for the HERDA mutation. Due to the autosomal
recessive nature of the disease, Quarter Horse mares and
horses of all breeds from HERDA-associated bloodlines should
also be tested.

Introduction

Hereditary equine regional dermal asthenia (HERDA) is an
autosomal recessive heritable disorder of collagen which
occurs in Quarter Horses and horses of Quarter Horse lineage
(Brounts et al. 2001; Tryon et al. 2005). It is a form of Ehlers-
Danlos Syndrome (EDS), which occurs in man and a variety of
other species including dogs, cats, cattle and rabbits
(Holbrook et al. 1980; Minor et al. 1983; Brown et al. 1993;
Miyake 1997; Sequeira et al. 1999; Tajima et al. 1999; Paciello
et al. 2003). The Ehlers-Danlos Syndrome is a group of
genetically heterogeneous connective tissue disorders which
result from mutations in genes which encode or modify
collagens or other extracellular matrix proteins. When EDS
occurs in animals it has been given a variety of names
including hyperelastosis cutis (Rashmir-Raven et al. 2004;
Graves et al. 2001; Brounts et al. 2001), dermatosparaxis
(Bridges and McMullan 1984) and cutaneous asthenia
(Miyake 1997; Marshall et al. 2011).

The disease HERDA was first reported in horses in 1978
(Lerner and McCracken 1978) and the mode of inheritance
(Rashmir-Raven et al. 2004; Tryon et al. 2005) and

identification of the genetic mutation followed (Tryon et al.
2007; Ishikawa et al. 2012). Heterozygous horses (N/Hrd) are
often highly successful in the show ring and popular breeding
animals. Unfortunately, due to common breeding practices
and the popularity of the bloodlines involved, the carrier
frequency of HERDA is increasing (Tipton et al. 2008; Rashmir-
Raven 2013). The carrier frequency of HERDA was estimated
at 3.5% in the overall Quarter Horse population but estimated
as 28.3% in elite cutting horses (Tryon et al. 2009). The disease
has become one of the most commonly reported inherited
diseases in the equine industry and has been reported in
Quarter Horses, Appaloosas and American Paint Horses in a
number of countries including the United States, Germany,
Brazil, United Kingdom and Austria (Borges et al. 2005; Rendle
et al. 2008; Litschauer et al. 2010; White and Bourdeau 2011;
Badial et al. 2014a,b,c).

Although HERDA was originally reported as a regional
disease of the skin (White et al. 2004), the disease has been
shown to affect other tissues throughout the body of the
horse including the cornea, great vessels, tendinoligamentous
structures and heart valves (Grady et al. 2009; Mochal et al.
2010; Bowser et al. 2014; Badial et al. 2014c; E. Brinkman-
Ferguson et al. unpublished data).

Clinical signs

The hallmark of the disease is the presence of loose,
stretchable, hyperextensible skin which is not well attached to
the horse in multiple areas ranging from 2 to 3 cm in
diameter (Figs 1 and 2) to more than 80% of the horse’s
body. Fragile skin which may slough (Fig 3) and disfiguring
scars are common (Fig 4). Although subtle signs of the
condition such as a loose, hyperextensible skin under the
mane or an unusual amount of joint flexibility may be
observed at birth, most commonly HERDA is not noticed until
skin lesions develop at approximately 18–24 months of age
with some horses not developing lesions until 4 or 5 years of
age or later. Lesions frequently appear when the horse first
becomes saddled for training and can result in large tissue
sloughs and haematomas (Fig 5).

The occasional horse is so mildly affected (Fig 6) that it
appears to never develop typical lesions and despite the
presence of loose hyperextensible skin could present a
diagnostic challenge. Even horses which do not develop
lesions may exhibit pain and display changes in behaviour
and attitude when saddled (Rashmir-Raven 2013). Similar to
EDS in man and many other heritable diseases (Castori 2012),
the reasons for the variation in disease severity are unknown.
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In some forms of EDS, certain manifestations of the disease
are more severe in females; however, in horses, intact males
appear to be the most severely affected (Rashmir-Raven
2013).

Despite having the HERDA mutation and clinical
manifestations of the disease, many HERDA horses have
undergone routine surgical procedures such as castrations
(Badial et al. 2014b; Rashmir-Raven et al. 2015) and surgical
repair of traumatic wounds (Fig 7a,b) with good results; this
sometimes confuses horse owners into believing the horse is
unaffected.

Fig 1: An example of ‘doughy’ skin on a 3-year-old Quarter
Horse gelding with HERDA (Hrd/Hrd). This horse was gelded at
approximately 18 months of age without ill effects.

Fig 2: An example of loose, hyperextensible skin on a 3-year-old
Quarter Horse gelding with HERDA (Hrd/Hrd). This horse was also
gelded at approximately 18 months of age without ill effects.

Fig 3: Spontaneous skin sloughing in a 2-year-old Quarter Horse
filly (Hrd/Hrd), typical of a horse severely affected with HERDA.

Fig 4: Disfiguring scars on a 6-year-old Quarter Horse stallion with
HERDA (Hrd/Hrd).

Fig 5: Large haematoma on a 4-year-old Quarter Horse gelding
with HERDA (Hrd/Hrd). This is the same horse which appeared in
Fig 2 taken approximately 8 months later.

Fig 6: Mildly affected 8-year-old gelding (Hrd/Hrd) ridden for
6 years until it became permanently lame. Other than the
presence of loose, hyperextensible skin and an area of patchy
sweating on the right shoulder at the site of a traumatic wound
which was successfully sutured, the horse had no other dermal
lesions.
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Potential environmental influences on phenotype

Environmental influences such as UV light appear to modify
the severity of symptoms. Although skin lesions can occur
anywhere, they most commonly occur over the dorsal

midline (Brounts et al. 2001; Graves et al. 2001; Rashmir-Raven
et al. 2004; White et al. 2004; Rashmir-Raven 2013) where
both heat and UV light are more intense. Lesions generally
show clinical improvement when the horse is stabled out of
direct sunlight for 2–4 weeks (Rashmir-Raven 2013). Affected
horses housed indoors and avoiding sun exposure appear less
severely affected than those maintained outside (Rashmir-
Raven 2013). Cool weather, winter months, UV light
protective sheets and northern climates are associated with
a decrease in the severity of the condition (Rashmir-Raven
2013). In humans UV light exposure causes disruption of the
dermal extracellular matrix by inducing matrix
metalloproteinases (MMPs) including collagenases (Rittie and
Fisher 2002). Because HERDA horse collagen is more soluble,
loosely bound and disorganised than normal horses (White
et al. 2004, 2007; Grady et al. 2009; Badial et al. 2014b),
affected horse’s skin may be more susceptible to the effects
of collagenase degradation (Rashmir-Raven et al. 2015).

Dermal findings

Two biomechanical studies of the skin from HERDA horses
showed that the tensile strength and modulus of elasticity of
their skin is significantly lower compared with normal horses
(Grady et al. 2009; Bowser et al. 2014). These finding were
consistent over several body regions. In addition, HERDA
horses exhibited significantly higher amounts of total soluble
collagen in their skin than unaffected horses (Hardy et al.
1988; Grady et al. 2009).

Ocular findings

One study of 28 homozygous HERDA (Hrd/Hrd) horses and 291
normal (N/N) horses evaluated over a 4-year period
demonstrated an increased incidence of corneal ulceration
in HERDA horses along with a decreased corneal thickness for
HERDA horses when compared with the corneas of normal
control horses. Collagen fibril arrangement was also abnormal
in the corneas of HERDA horses but not in the corneas of
controls (Mochal et al. 2010). A recent publication (Badial
et al. 2014c) evaluating the ocular structures in five HERDA
horses and five controls confirmed that the cornea was
thinner in HERDA horses than controls. In addition, the HERDA
horses had increased corneal curvature and corneal
diameter compared with normal horses. The HERDA horses
also demonstrated an increased incidence of corneal
opacities (3/5) compared with controls (1/5) (Badial et al.
2014c).

Musculoskeletal findings

Similar to humans with EDS who suffer from joint pain and
osteoarthritis (Castori 2012), there is evidence that HERDA
horses may be at increased risk for the development of
osteoarthritis. A study of articular cartilage from the joints of
five consecutive cases of juvenile HERDA horses showed gross
and histological evidence of osteoarthritic lesions (Gardner
et al. 2011). Furthermore, chondrocyte cultures from these
same horses had increased MMP activity (Dorris et al. 2011)
and spontaneously produced greater amounts of the
inflammatory mediator PGE2 (>1000-fold) than chondrocytes
from normal horses (Gardner et al. 2011); treatment with
phenylbutazone and nutraceuticals containing glucosamine

a)

b)

Fig 7: a) A traumatic wound successfully sutured in a 6-year-old
Paint (Hrd/Hrd) mare. b) Follow-up photograph of the same mare
18 months later. The wound healed without complications.
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increased lameness (within the first 5 days), 6.7% BetaVet® and 8.3% saline 
control; loose stool, 5.9% BetaVet® and 8.3% saline control; increased heat in 
joint, 2.5% BetaVet® and 5% saline control; depression, 5.9% BetaVet® and 1.6% 
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control; dry stool, 1.7% BetaVet® and 0% saline control; excessive sweating, 
0.8% BetaVet® and 0% saline control; acute non-weight bearing lameness, 0.8% 
BetaVet®and 0% saline control; and laminitis, 0.8% BetaVet® and 0% saline control.
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with anti-inflammatory and immunosuppressive properties. Depending upon their 
physico-chemical properties, drugs administered intra-articularly may enter the 
general circulation because the synovial joint cavity is in direct equilibrium with the 
surrounding blood supply. After the intra-articular administration of 9 mg BetaVet® 
in horses, there were quantifiable concentrations of betamethasone (above 
1.0 ng/mL) in the plasma.

EFFECTIVENESS: A negative control, randomized, masked field study provided 
data to evaluate the effectiveness of BetaVet® administered at 1.5 mL 
(9 mg betamethasone) once intra-articularly for the control of pain and 
inflammation associated with osteoarthritis in horses. Clinical success was defined 
as improvement in one lameness grade according to the AAEP lameness scoring 
system on Day 5 following treatment. The success rate for horses in the BetaVet® 
group was statistically significantly different (p=0.0061) than that in the saline 
group, with success rates of 75.73% and 52.52%, respectively (back-transformed 
from the logistic regression).

ANIMAL SAFETY: A 3-week target animal safety (TAS) study was conducted 
to evaluate the safety of BetaVet® in mature, healthy horses. Treatment groups 
included a control (isotonic saline at a volume equivalent to the 4x group); 1X 
(0.0225 mg betamethasone per pound bodyweight; BetaVet®); 2X (0.045 
mg betamethasone per pound bodyweight; BetaVet®) and 4X (0.09 mg 
betamethasone per pound bodyweight; BetaVet®). Treatments were administered 
by intra-articular injection into the left middle carpal joint once every 5-days for 
3 treatments. Injection site reactions were the most common observations in all 
treatment groups. Injection site reactions were observed within 1 hour of dosing 
and included swelling at the injection site, lameness/stiffness of the left front limb, 
and flexing the left front knee at rest. The injection site reactions ranged from slight 
swelling (in many horses on multiple days in all treatment groups) to excessive 
fluid with swelling, pain, and lameness (4x group only). Injection site reactions 
were observed most commonly on treatment days, and generally decreased 
in number and severity over subsequent days. The incidence of injection site 
reactions increased after the second and third injection (number of abnormalities 
noted on day 10 > day 5 > day 0). In the BetaVet® treated groups the number 
and severity of the injection site reactions were dose dependent. The 4X BetaVet® 
group had the highest overall incidence of and severity of injection site reactions, 
which included heat, swelling, pain, bleeding, and holding the limb up at rest. 
The control group and 4X group (which received similar injection volumes) had a 
similar incidence of injection site reactions; however, the severity of reactions was 
greater in the 4X group. Absolute neutrophils were statistically significantly higher 
in the BetaVet® treated groups as compared to the control group. Trends toward 
a decrease in lymphocytes and eosinophils, and an increase in monocytes were 
identified in the BetaVet® treated groups after the initial dose of BetaVet®. Individual 
animal values for white blood cells generally remained within the reference range. 
BetaVet® treated horses also had a trend toward increased blood glucose after 
the initial dose. Some individual animals showed mild increases in blood glucose 
above the reference range.
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INDICATION: BetaVet® is indicated for the control of pain and inflammation 
associated with osteoarthritis in horses.

DOSAGE AND ADMINISTRATION:  Shake well immediately before use. Using 
strict aseptic technique, administer 1.5 mL BetaVet® (9 mg total betamethasone) 
per joint by intra-articular injection. BetaVet® may be administered concurrently 
in up to 2 joints per horse. Use immediately after opening, then discard any 
remaining contents.

CONTRAINDICATIONS:  BetaVet® is contraindicated in horses with hypersensitivity
to betamethasone. Intra-articular injection of corticosteroids for local effect is 
contraindicated in the presence of septic arthritis.

WARNINGS: Do not use in horses intended for human consumption. 
Clinical and experimental data have demonstrated that corticosteroids 
administered orally or parenterally to animals may induce the first stage of 
parturition when administered during the last trimester of pregnancy and may 
precipitate premature parturition followed by dystocia, fetal death, retained 
placenta, and metritis. Additionally, corticosteroids administered to dogs, 
rabbits and rodents during pregnancy have resulted in cleft palate in offspring. 
Corticosteroids administered to dogs during pregnancy have also resulted in other 
congenital anomalies  including deformed forelegs, phocomelia and anasarca. 
Therefore, before use of corticosteroids in pregnant animals, the possible benefits 
to the pregnant animal should be weighed against potential hazards to its 
developing embryo or fetus. Human Warnings: Not for use in humans. For use in 
animals only. Keep this and all medications out of the reach of children. Consult a 
physician in the case of accidental human exposure.

PRECAUTIONS: Corticosteroids, including BetaVet®, administered intra-articularly 
are systemically absorbed. Do not use in horses with acute infections. Acute 
moderate to severe exacerbation of pain, further loss of joint motion, fever, or 
malaise within several days following intra-articular injection may indicate a 
septic process. Because of the anti-inflammatory action of corticosteroids, signs 
of infection in the treated joint may be masked. Appropriate examination of joint 
fluid is necessary to exclude a septic process. If a bacterial infection is present, 
appropriate antibacterial therapy should be instituted immediately. Additional 
doses of corticosteroids should not be administered until joint sepsis has been 
definitively ruled out. Due to the potential for exacerbation of clinical signs of 
laminitis, glucocorticoids should be used with caution in horses with a history of 
laminitis, or horses otherwise at a higher risk for laminitis. Use with caution in 
horses with chronic nephritis, equine pituitary pars intermedia dysfunction (PPID), 
and congestive heart failure. Concurrent use of other anti-inflammatory drugs, 
such as NSAIDs or other corticosteroids, should be approached with caution. 
Due to the potential for systemic exposure, concomitant use of NSAIDs and 
corticosteroids may increase the risk of gastrointestinal, renal, and other toxicity. 
Consider appropriate wash out times prior to administering additional NSAIDs or 
corticosteroids.
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and chondroitin sulfate (Cosequin)1 decreased the
concentration of the PGE2 (P<0.001) (Gardner et al. 2011).
Therefore, chondroprotective nutraceuticals are
recommended for the prevention and treatment of
osteoarthritis in HERDA horses (Rashmir-Raven 2013) and in
man with some forms of EDS (Castori 2012).

Tendinoligamentous tissues and great vessels have been
shown to be weaker and more elastic in horses with HERDA
(Bowser et al. 2014). In a study which evaluated the
suspensory ligament and superficial and deep digital flexor
tendons from the forelimbs of six HERDA horses and six age-
matched normal controls, the HERDA horses had significantly
lower tensile strength and elastic modulus than normal.
Additionally, some HERDA horses appear to have increased
range of motion in joints (Fig 8a,b) compared with age-
matched control Quarter Horses (Rashmir-Raven 2013). The
biomechanics in HERDA tendon and ligament coupled with
joint hypermobility has led to speculation by horse owners
and others that the HERDA mutation in heterozygous (carrier)
horses enhances flexibility and may provide a competitive
advantage in the athletic disciplines such as cutting and
reining where this mutation is prevalent. This unfounded
speculation may, in part, be the reason why the numbers of
heterozygous horses continue to increase as does their
percentage of the overall cutting income compared with
controls (Tipton et al. 2008; Rashmir-Raven 2013).

Immune function

Cyclophilin B contributes to the regulation of integrin-
mediated adhesion of T lymphocytes locally into a site of
inflammation. Potentially, HERDA horses may be more
susceptible to certain types of infections or cancers. Two
cases of disseminated squamous cell carcinoma (SCC) have
been reported in HERDA horses (Badial et al. 2013). The
authors believed that the lung metastasis described in both
cases could be associated with failure of immune
surveillance due to T cell malfunction as a result of the HERDA
cyclophilin B mutation. Exposure to UV light, chronic
inflammation, T cell suppression and poorly formed dermal
collagen due to the cyclophilin B mutation associated with
HERDA were believed to be responsible for the development
of SCC at the wound sites and subsequent pulmonary
metastasis.

Defective collagen crosslinking

Because HERDA shares a number of clinical similarities to
Ehlers-Danlos type VIA in which the urinary concentrations of
the collagen pryidinium crosslinks deoxypyridinoline (DPD)
and pyridinoline (PYD) are used to diagnose the disease, the
ratios of DPD:PYD in the urine, skin, and other tissues were
evaluated in 19 HERDA horses and 39 controls (Swiderski
et al. 2006). Horses with HERDA had significantly higher DPD
and DPD:PYD ratios in the urine, skin and other tissues
compared with control horses. The concentrations of PYD
and hydroxylysine in the skin of horses with HERDA were
significantly lower than control horses. Lysine and total
pyridinium crosslinks were not significantly different between
groups. Supplementing HERDA horses with lysine was
originally proposed as a potential treatment for this disease
with some HERDA horse owners feeling strongly about its
benefits.

Histology

Histopathology can lead to a presumptive diagnosis of
HERDA which can be confirmed by DNA testing. Proper
biopsy technique is technically slightly more difficult in HERDA
skin (due to the difficulties in obtaining full thickness samples)
but is critical to providing an informative sample. Clear
histological differences between nonlesioned skin in horses
with HERDA and normal skin from unaffected horses may not
be apparent. Early lesions of HERDA show mild thinning of
collagen bundles (hyperextensible areas) in the mid-dermis.
As the lesions progress, increased space between collagen
bundles, loss of bundle compactness and collagen bundle
fraying are observed. In more advanced lesions (depending
on the stage of resolution), dense inflammation or
collagenous connective tissue appears to expand easily,
filling a defect in the intermediate layer of the dermis.

a)

b)

Fig 8: a, b) Hypermobility in a yearling American Paint colt with
HERDA (Hrd/Hrd).

© 2015 EVJ Ltd

607EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2015



In lesions of chronically detached skin, collagen bundles
become frayed with wear between the superficial and deep
layers. Significantly, in the absence of infection or perforation
of the skin, HERDA lesions have a paucity of inflammatory
infiltrate and show little evidence of physiological repair.
Lesions taken from areas in which the skin is ulcerated often
show extensive inflammation and fibrovascular proliferation
which can obscure the diagnosis.

Histological findings from the junction of abnormal and
normal appearing skin, demonstrating fraying or separation of
the intermediate dermis, supports a presumptive diagnosis
made on compatible clinical presentation and pedigree.
Care and experience are required to differentiate artifactual
from pathological separation of the dermis in punch biopsies.
Two separate studies (White et al. 2004; Badial et al. 2014b)
demonstrated that pathologists differ in their ability to identify
characteristic changes, confirming that biopsy interpretation
should be performed by experienced equine
dermatopathologists and that DNA testing is preferred to
histology for HERDA diagnosis.

Autosomal recessive mode of inheritance

Heterozygous (N/Hrd) horses are carriers of the recessive Hrd
allele, yet appear normal, without obvious cutaneous signs
of the disease. Horses homozygous for the recessive allele
(Hrd/Hrd) demonstrate hyperextensible skin, cutaneous
lesions, skin sloughing and characteristic scarring. When a
carrier mare (N/Hrd) is bred to a carrier stallion (N/Hrd) there
is a 25% chance that the foal will have HERDA (Hrd/Hrd), a
50% chance that the foal will be a carrier (N/Hrd) and a
25% chance that the foal will be normal (N/N). When a
normal mare or stallion is bred to a carrier stallion or mare
there is a 50% chance that the foal will be a carrier but a
0% chance that the foal will be affected. When an affected
mare or stallion (Hrd/Hrd), is bred to a normal mare or
stallion (N/N) all the foals will be carriers (N/Hrd) (Fig 9). An
affected foal cannot be produced from a normal sire or
dam, as both parents must carry at least one copy of the
HERDA gene.

Significance within the Quarter Horse industry

Although HERDA occurs most frequently in popular cutting
horse bloodlines with a carrier frequency of 28.3% (Tryon et al.
2009), horses shown for other disciplines, including reining and
western pleasure also have also produced a significant
number of affected individuals with a 9.2 and 12.8% carrier
frequency, respectively (Tryon et al. 2009). The performance
traits of selected HERDA carriers’ bloodlines are highly
desirable, which increases the frequency of the causative
mutation. Although cutting horses are most commonly
affected, pleasure, reining, working cow and foundation
bred horses are also affected. In cutting alone, 30% of the 10
leading lifetime sires (leading lifetime cutting horse sires,
all ages, all divisions) are confirmed carriers (https://
www.equistat.com/). As of 2012, these three popular N/Hrd
sires have produced 5792 total registered offspring. By virtue of
HERDAs autosomal recessive mode of inheritance, one half of
these offspring (n=2896) would be predicted to be HERDA
carriers if these sires were bred to normal (N/N) horses. With
common breeding practices today of mating related horses
within a discipline, the number of affected homozygotes will
increase if care is not taken to avoid carrier-to-carrier matings.

The increased prevalence of the HERDA mutation in elite
performance horses has raised the question as to whether the
HERDA mutation or a closely linked gene confers a
performance advantage. Alternatively, these horses are
simply outstanding performers in the cutting discipline
irrespective of the mutation.

Mutation origins

The mutation has been traced back to a Quarter Horse
foundation sire named Poco Bueno (foaled 1944) through
DNA testing of 5000 horses. Of these 5000 horses, 55 were
affected (Hrd/Hrd) and all traced back to Poco Bueno (N.
Winand, personal communication). In a separate study
where 75 pedigrees of affected horses (Hrd/Hrd) were
evaluated, 100% exhibited consanguinity to Poco Bueno
within seven generations (Rashmir-Raven et al. 2004).

Fig 9: Typical pattern of inheritance for HERDA demonstrating carrier-to-carrier matings.
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The immense popularity of Poco Bueno has led to many
generations of carrier-to-carrier matings. Poco Bueno sired
405 AQHA-registered, first-generation foals, 50% of which
would be carriers. His second generation included 537 foals,
25% of which would be carriers and his third generation
included 1352 foals, 12.5% of which would be carriers. These
first 3 generations from Poco Bueno alone total approximately
500 horses which had a probability of carrying the HERDA
gene. According to an American Quarter Horse Association’s
registrar, there were over 1.7 million Quarter Horses which
trace back to Poco Bueno as of 2006 (Gary Griffith, Registrar,
American Quarter Horse Association). In addition, at the time
this lineage was considered the fastest growing segment of
the Quarter Horse population.

Because the disease is becoming increasingly more
common, selective breeding based on DNA testing is
recommended to reduce the number of animals which suffer
from HERDA and the financial and emotional losses incurred
by HERDA horse owners.

The American Quarter Horse Association is requiring all
breeding stallions to be tested for HERDA status as a part of
the registration process. These rules also apply when semen
from a deceased stallions is used. Testing results will be
recorded on horse registration and available to all AQHA
members through an online database. Genetic testing is a
simple, inexpensive procedure which requires approximately
40 mane or tail hairs pulled so that the root is visible on the
hair shaft http://www.vgl.ucdavis.edu/.

Genetic mutation described

The genetic defect responsible for HERDA was identified by
homozygosity mapping (Tryon et al. 2007) and functional
studies have confirmed a missense mutation of peptidyl-prolyl
cis-trans isomerase B (PPIB) gene as the cause of HERDA
(Ishikawa et al. 2012). The PPIB gene encodes cyclophilin B
(CYPB) which is a member of the peptidyl-prolyl cis-trans
isomerase family of proteins which catalyse conversion of
prolyl-containing bonds in procollagen to the trans
configuration. This transconfiguration is required to form the
triple helical collagen molecule (Bachinger 1987).
Conventionally viewed as the primary rate-limiting enzyme in
fibrillar collagen synthesis, CYPB also has critical functions in
procollagen trafficking, processing and chain association. The
HERDA mutation modifies a region of CYPB which identifies
improperly folded proteins in the endoplasmic reticulum,
events presumed to alter collagen organisation (Ishikawa
et al. 2012). The mutation locally rearranges the flexible N-
terminal end of the polypeptide chain and makes it more
rigid, likely resulting in altered interactions with other ER-
resident chaperones and foldases (Boudko et al. 2012).

Differential diagnoses

Trauma in an unaffected horse could certainly cause wounds
similar to those seen with HERDA; however, hyperextensible,
loose skin and abnormal scarring are not generally present.
The mutation which causes Warmblood fragile foal syndrome
(Monthoux et al. 2015), which is another form of EDS, has not
been reported in Quarter Horses. Junctional epidermolysis
bullosa (JEB) (Frame et al. 1988; Kohn et al. 1989; Lieto et al.
2002) could be confused with HERDA but it only occurs in
neonatal animals and has not previously been reported in

Quarter Horses. Affected foals develop erosions and
ulceration of the skin and mucous membranes shortly after
birth. Also, unlike HERDA, dental abnormalities are present in
JEB and include early eruption of teeth and enamel pitting.
Junctional epidermolysis bullosa results in secondary sepsis
which is universally fatal.

Similarly, hereditary junctional epidermolysis bullosa in the
American Saddlebred, which is comparable to JEB and is a
blistering skin disorder, could be confused with HERDA. It is
caused by a partial deletion in the LAMA3 gene (Lieto and
Cothran 2003; Graves et al. 2009). Other skin fragility
syndromes in foals include vasculitis and sepsis which are often
treatable (Perkins et al. 2005). Again, these diseases occur in
much younger animals than those suffering from HERDA.

Pemphigus foliaceus, lupus, drug eruptions and other
immune-mediated diseases could also be confused with
HERDA. Some of these occur in same-age horses and may
show similar signs, although the course of each disease is
different as is the lack of the hyperextensible, soft, pliable skin
and abnormal scarring.

In the author’s (AMR) experience, the disease most
frequently mistaken for HERDA is a severe case of
dermatophilosis in a weanling, yearling or 2-year-old Quarter
Horse. Dermatophilosis is caused by an infection with the
Gram-positive actinomycete Dermatophilus congolensis,
which is a common source of dermatitis in the horse. The
dorsally distributed hair loss and skin crusting common with
dermatophilosis may be confused with HERDA by concerned
lay horse owners (Fig 10).

Management/prognosis

Management of HERDA-affected individuals includes
minimising trauma, careful wound management and
restriction from sunlight. Nutritional status is addressed and
specific attention is given to ascertain whether the National
Research Council (NRC) requirement for copper is met.
Copper (and vitamin C) are cofactors in the formation of
collagen. Supplementation of vitamin C is believed to
improve small vessel fragility in man with EDS (Castori 2012). In
addition to supplemental vitamin C, lysine and nutraceuticals
containing glucosamine and chondroitin sulfate are
recommended in man with this disease (Castori 2012) and
may also have merit in the horse.

Fig 10: A weanling American Paint colt with dermatophilosis
which is occasionally mistaken for HERDA. Dermatophilosis is a
highly treatable disease.
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Mildly affected horses may still be ridden with an
unknown percentage of these horses being sound for
competition. With excellent care some individuals can live a
normal lifespan and several have lived into their late
twenties. Due to the availability of DNA testing and greater
awareness of the disease, the diagnosis of HERDA is coming
earlier in a horse’s life. As a result, most HERDA horses are
humanely destroyed by the age of 3 because they are
unsound for both riding and breeding. Veterinarians and
horse owners alike occasionally assume when they see an
older horse with hyperextensible skin that it cannot have
HERDA because it is too old or has been successfully ridden.
As previously stated, some mildly affected horses can be
ridden which calls into question the fate of young foals
which are DNA tested prior to the onset of clinical
symptoms.

When owners are interested in maintaining HERDA horses
it is reasonable to recommend minimising exposure to sunlight
and heat as much as practical. Pasture turnout at night and/
or UV protective blanketing is recommended. Minimising
wounds whenever possible by appropriate fencing and
stabling and only turning the affected horse out by itself or
with gentle horses should be stressed. All wounds should be
treated gently to avoid significant pressure when cleansing
and caustic agents should be avoided. Establishing drainage
for large haematomas early is critical to limit their expansion.
Attempts to suture deeper, penetrating wounds should be
made; however, suturing common superficial wounds of
HERDA horses is rarely successful. Finally, affected horses
should be handled often to ensure ease of wound treatment
when necessary.

Summary

The prevalence and economic value of Quarter Horses
which carry the genetic defect responsible for HERDA
assures that this disease will be observed for many more
generations. As has been demonstrated repeatedly with
other heritable equine diseases, the popularity of these
lineages promises that horses both heterozygous and
homozygous for the trait will continue to be produced. The
effect of the cyclophilin B genetic mutation on the
heterozygote remains to be determined. Managed breeding
strategies based upon DNA testing of horses or embryos is
the only method currently available to minimise the
production of affected horses.
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Mission
To serve as the 
charitable arm of the 
AAEP to improve the 
welfare of the horse.

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

To support your Foundation, visit  

Your Foundation at Work for You

http://www.aaepfoundation.org
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Standing Together
The very foundation of a horse’s good health depends on the ability 
to stand and walk. Likewise, the AAEP’s ability to improve the health 
and welfare of the horse is enhanced by our Educational and Media 
Partners, an esteemed group standing together and dedicated to 
providing resources and education.

Educational Partners

Media Partners
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December 5-9   |   Las Vegas, Nevada

On-site registration available at the  
Mandalay Bay Convention Center  

beginning Friday, December 4  
at 3:00 p.m.
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”I recommend ColiCare  
for all of my patients, 

and my own horses are enrolled, too! 
 —Marsha Severt, DVM 
 Brown Creek Equine Hospital

Visit 

Sm
artPak at  

AAEP booth #4840

ColiCare puts you back at the center of the 

horse’s wellness care and provides up to 

$7,500 of reimbursement to help ease  

the financial burden of colic surgery. the financial burden of colic surgery.

SmartPak.com/ColiCare  |  1-800-461-8898

http://www.SmartPak.com/ColiCare


Leaders in Regenerative Healing

• Blood-separating technology ensures pure PRP – separating gel 

physically separates plasma and platelets from red and white blood cells 

– takes the guess work out of PRP separation

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

consistent plasma and platelet separation every time

• Technology results in fibrin matrix so platelets and 

growth factors remain protected until activation

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

for sterile injection into tendon/ligaments, soft-tissue 

and wounds

• Portable PRP processing available: with case, sterile 

kits, and low-cost  centrifuge

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

Leadership in Veterinary Regenerative Technology PureProTec.com

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

 90% success in 
treating backs 1

 Faster healing of 
coffin joint collateral 
ligaments 2

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

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

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

• Used at more veterinary universities and clinics worldwide

• Treatments covered by most insurance companies

High-Energy, Focused Shock Wave That’s UNMATCHED

ASK FOR IT 

BY NAME!

 81% improvement in 
horses with Navicular 
Syndrome 3

BY N

VersatronShockWave.com

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

