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From the President’s Desk: Member input pivotal to delivering quality and relevant CE 

Although the dust has barely cleared from the 2014 
Annual Convention and the 2015 Resort Symposium, the 
AAEP already is immersed in planning and implementing 
the CE offerings for 
2015-2016. Most of our 
membership are unaware of 
the rigorous process and 
significant manpower that 
goes into planning, offering 
and reviewing our 
continuing education. 

The first step in developing 
our CE offerings is to 
survey the membership to 
determine their educational 
needs and desires. The 
AAEP conducted an 
extensive CE needs survey 
in 2010 and will do so 
again this year. The results 
from the survey as well as feedback from attendees after 
each meeting are used by the CE steering committee that 
meets every February to analyze data and determine 
long-range CE plans.

As last year’s convention chair, I was contacted frequently 
during 2014 about topics for the convention by members 
who were not aware that the program had already been 
developed in 2013. Member input is a valued, important 
and appreciated component of delivering member-driven 
continuing education programs, but members should 
understand that programs are developed a couple of 
years in advance.

The Educational Programs Committee members begin 
their work early each year reviewing abstract submissions 
and invited manuscripts, and they complete the majority 
of their work by conference calls and electronic commu-
nications. The committee group leaders meet in 
Lexington, Ky., in April for final discussions and ranking 
of the abstract submissions. This is a rigorous and very 
fair system that requires a significant commitment of time 
from both committee members and AAEP staff. Our 
strategic planning and exacting review process ensure 
quality continuing education offerings with the right 
blend of current science and clinically relevant and 
practical information.

Review of the questionnaire responses obtained from 
those who attended our Annual Convention in Salt Lake 
City confirms that our process continues to work well 

and that the AAEP is providing continuing education that 
satisfies a large majority of attendees.

Another topic that warrants mention at this time is the 
online membership Rounds, which were developed and 
are hosted by the AAEP as a member service through 
which members can seek advice on a difficult case or 
share information about issues affecting our profession. 
We have recently received complaints about the nature of 
some of these online conversations and the directions 
they can take. We all understand that “tone” is hard to 
detect in electronic communications but we all must 
show respect and collegiality for one another. That does 
not mean we all must agree on issues but I urge everyone 
to pause a few seconds and consider how others may 
perceive your post prior to sending it. Repeated argumen-
tative posts about an issue may discourage participation 
by other members; therefore, I encourage you to agree to 
disagree to move the discussion forward when it appears 
an issue cannot be resolved.

Members also should refrain from any discussions that 
could lead to anti-trust concerns. Anything related to 
boycotting a product or company should be avoided as 
well as discussions that could give the appearance of 
price setting. I would also encourage all members to 
declare any conflict of interest they may have when 
discussing a company or their products.

We have a big year ahead and the first half will be very 
busy with strategic planning and continuing education 
efforts. Future issues of EVE will provide you with 
updates on the progress within the association.

Finally, when you receive this letter, the AAEP staff will 
be in their beautiful new building at the Kentucky Horse 
Park. Next time you are in Lexington, I encourage you to 
stop by for a visit. Congratulations to all involved for a 
job well done.

Dr. G. Kent Carter

By G. Kent Carter, DVM, DACVIM

“Member input is a valued, important and 
appreciated component of delivering member-
driven continuing education programs, but 
members should understand that programs are 
developed a couple of years in advance.”
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The AAEP board of directors 
met on January 27 for its 
first official meeting of the 
year. All members were 
present.

AAEP President Dr. Kent 
Carter opened the meeting 
and welcomed the board. He 
referenced the mission 
statement, long-range goals 
and strategic plan at the 
bottom of the agenda and 
reminded the board to 
consider these documents 
when making decisions. 

Additionally, a sign-up sheet was circulated for board 
signatures as a reminder about conflicts of interest and 
potential anti-trust considerations.    

Strategy items              
The first item on the agenda was a strategic discussion on 
the current governance structure of the association, in 
particular the committee and task force system. The 
board considered many options to improve committee 
productivity and effectiveness as well as the role of board 
and staff liaisons to our current volunteer work groups. 
Of most importance was how to better communicate the 
ongoing work and accomplishments of the committees 
and task forces to the membership. Some of the outcomes 
of this discussion resulted in the following items:

1. We will look for opportunities during the annual 
convention for committee and task force chairs to 
address the membership about the ongoing work of 
their particular group.

2. Committee chairs will be invited to participate in the 
summer strategic planning session with the board to 
ensure closer alignment with the strategic plan.

3. We will develop a training opportunity for committee 
chairs and Rounds moderators.

4. Committees will be given the opportunity to conduct 
an additional meeting throughout the year, if needed, 
rather than just the standard two-hour meeting at 
the convention.

Next, the board discussed initial plans for the strategic 
planning session to take place at the summer Focus 
meeting in Minneapolis, Minn., including a lengthy 
discussion of the results of the general membership survey 
conducted last fall. The membership survey results will be 
factored into the strategic planning and will also be com-
municated back to the membership in subsequent reports.  

Policy issues, workgroup recommendations and other 
routine board business
After much discussion of the various requests from 
AVMA, FDA and other industry issues, task forces were 
established in the following areas:

veterinary policy issues affecting non-racing perfor-
mance horses and the disciplines involved; and to 
provide an avenue for better two-way communica-
tion.

FDA on stem cell use.
 
Other specific actions taken:

chapter categorization in light of a number of recent 
applicants.

and directed staff to develop evaluation methods for 
both the interns and the practices.

from the Infectious Disease Rounds to add a section 
to the vaccine guidelines relating to the use of 
serology in determining need for booster vaccination.

executive director.

approved the financial report.

meeting in Salt Lake City.

After the board meeting adjourned, a brief meeting of the 
AAEP Foundation board ensued and the following items 
were discussed:

from the Foundation Advisory Council to continue 
its support of the AAEP student programs.

funding opportunities for members wishing to partic-
ipate in the funding of the AAEP’s new headquarters 
building. Additional naming opportunities were 
brought forth at this particular meeting; however, the 
Foundation board tabled this discussion until a later 
time.

AAEP board focuses on work of committees, task forces 

David Foley

By David Foley, AAEP Executive Director
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Between 80% and 90% of all lamenesses occur in the distal 
extremity. Fortunately, technological advances are enabling 
discovery of more disease processes and different ways of 
diagnosing lameness in this region, with or without the 
benefit of MRI.

At the AAEP’s 360° Diagnosing, Imaging and Treating From 
the Foot to the Fetlock, you will be immersed in the 
anatomy, clinical examination, diagnostics and treatment of 
everything from the fetlock to the ground. Limited to 20 
participants to ensure optimal training, the meeting will 
combine lectures about anatomy, methods and strategies 
with small-group wet labs that provide hands-on, individual-
ized practice to build mastery of diagnostic techniques that 
can be applied immediately in your practice.

What’s new:

structures in these areas

IRAP and stem cells

with injuries in these areas

What’s cool:

ligaments

and live horses with clinical lesions

clinicians and imagers

Who’s who: 
360° Diagnosing, Imaging and Treating From the Foot to 
the Fetlock will bring together expert anatomists, clinicians, 
imagers, surgeons, and specialists in sports medicine and 
rehabilitation, including: 

Next steps: 360° Diagnosing, Imaging and Treating From 
the Foot to the Fetlock will be held June 28-July 1 at 
Colorado State University. Registration will open in the 
spring at www.aaep.org. Early registration is encouraged 
due to the limited attendance of this meeting. For more 
information, visit www.aaep.org/info/360-fetlock.

360° Diagnosing, Imaging and Treating From the Foot to 
the Fetlock is sponsored by:

Expand your lameness skills with hands-on training at summer 360° meeting

Dr. Myra Barrett
Dr. Erin Contino
Dr. Anna Fails
Dr. David Frisbie
Dr. Laurie Goodrich

Dr. Chris Kawcak
Dr. C. Wayne McIlwraith
Dr. Kurt Selberg
Dr. Mindy Story
Dr. Natasha Werpy

AAEP student members and new practitioners are 
invited to submit case presentations to be featured as 
educational resources on the AAEP website. The 
authors of two selected presentations will receive 
complimentary registration and a $500 travel stipend 
to attend the 61st Annual Convention, Dec. 5-9, 
2015, in Las Vegas, Nev.

Presentations must be submitted in PowerPoint format. 
There is no limit to the number of case studies that may be 
submitted; however, a primary student or first-year graduate 
author must be identified for each submission. Submissions 
will be reviewed by members of the Educational Programs 

Committee and selected on the basis of quality and 
educational merit. Veterinary students and first-year 
graduates are encouraged to work with mentors in 
the preparation and review of their submissions.

Instructions for submission and a case study template 
can be requested from Carey Ross, scientific publica-

tions coordinator, at cross@aaep.org. Examples of case pre-
sentations are available at www.aaep.org/info/case_studies. 

Submissions are due by May 1 and should be sent to cross@
aaep.org. Winners will be announced by September. 

Case study contest to send two students or recent grads to 61st Annual Convention 

DIAGNOSING, IMAGING AND TREATING  
FROM THE FOOT TO THE FETLOCK
June 28 - July 1, 2015 
Fort Collins, Colorado

http://www.aaep.org
http://www.aaep.org/info/360-fetlock
mailto:cross@aaep.org
http://www.aaep.org/info/case_studies
mailto:cross@aaep.org
mailto:cross@aaep.org
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Organizations that share the spirit of the AAEP 
Foundation’s mission to improve the welfare of the horse 
are encouraged to apply for funding for the 2015 grant 
cycle. Applications are due May 1 and will be reviewed 
by the AAEP Foundation Advisory Council during its 
summer meeting.

Application instructions, requirements and selection 
criteria are available through the “Apply for Funding” 
link on the Foundation’s website.

The Foundation accepts requests for funding when these 
requests help facilitate accomplishment of its mission. 
Priority is given to those requests that have the greatest 
impact on the welfare of multiple horses on a national or 
international scope.

The Foundation has disbursed more than $3 million 
since 1994 in support of its mission, including $284,000 
in 2014 for 24 projects and programs ranging from 
education and laminitis research to Equitarian initiatives 
and youth development in the equine community.

To learn more, visit www.aaepfoundation.org or contact 
Jodie Bingham, Foundation development coordinator, at 
(859) 233-0147 or jbingham@aaep.org. 

If your client is a competitor or a professional horseper-
son who makes his or her living in the horse industry, 
your expertise about the discipline or breed in which 
they’re involved is important to their satisfaction with 
your services.

According to the AAEP’s market 
research, owners who are 
satisfied with their veterinarians 
are substantially more likely 
than those who aren’t satisfied 
to say that their veterinarian 
“understands my business.”

Of the 19 attributes tested in our research with owners 
and trainers, “my veterinarian understands my business” 
was among those with the largest difference in ratings 
between the satisfied and the dissatisfied.

Gaining the necessary expertise about your client’s 
business can be as easy as attending a horse show or 
researching a discipline on the Internet. It just requires 

the willingness to learn more about what is important to 
your clients.

Get started by watching the Touch program’s video series, 
“Getting to Know the Sport.” The series provides an 
introduction to several disciplines within equine sport 
and offers advice from an experienced veterinarian and 
trainer in each discipline. All Touch resources are 
available exclusively to AAEP members at touch.aaep.org.

Touch Point: Clients like it when you know their business

Grants from the AAEP Foundation have helped the Unwanted 
Horse Coalition’s Operation Gelding Program facilitate the 
castration of 1,096 horses in 90 clinics in 34 states since 2010.
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Request funding from the AAEP Foundation
2015 grant applications due May 1

http://www.aaepfoundation.org
mailto:jbingham@aaep.org
http://touch.aaep.org
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An estimated 
300,000 military 
veterans deployed 
since 2001 have 
returned home with 
Post Traumatic Stress 

Disorder (PTSD), an affliction with no known cure but 
for which early identification and treatment of symptoms 
can lessen its severity and improve quality of life.

Although there is no shortage of anecdotal evidence 
supporting the benefits of equine-assisted programs for 
veterans suffering from PTSD, the Horses and Humans 
Research Foundation (HHRF), with a monetary assist 
from the AAEP Foundation and others, has funded two 
scientific research projects that could provide the evi-
dence-based outcomes necessary to expand veterans’ 
access to these beneficial programs. 

HHRF is the only organization dedicated solely to 
funding research to support the equine-assisted activities 
and therapies field. In 2013, it funded research at the 
University of Missouri College of Veterinary Medicine 
examining the effects of six weeks of human-horse inter-
action and systematic therapeutic horseback riding on 40 
military veterans with PTSD and/or traumatic brain 
injury. The intervention’s impact on participants’ 
experience of PTSD symptoms, coping skills, emotional 
regulation and social engagement were assessed at the 
outset, after three and six weeks of participation, and 
three months after the conclusion. The research findings 
are expected soon, and publication in a peer-reviewed 
journal could take another year.

A related research project, launched in December 2014 at 
Baylor University, will assess changes in PTSD symptoms, 
quality of life and life participation of combat veterans 
who participate in equine-assisted activities. The research 
team will assess 75 veterans learning to ride and care for 
horses in five different programs using slightly different 
measures than the initial project in terms of well-being 
and recovery from PTSD symptoms.

The U.S. Army Caisson Platoon Equine Assisted Program, 
which serves the Walter Reed National Military Medical 
Center, provided HHRF with seed funding toward these 
projects in 2011 after working with many veterans and 
finding tremendous responses from PTSD and traumatic 
brain injury recovery. 

“The Caisson Platoon understands that the VA [U.S. 
Department of Veterans Affairs] is really pressuring for 
more research in this area before they will wholehearted-
ly embrace it,” said HHRF Executive Director KC Henry. 

“Having the scientific evidence will do things such as 
influence the VA and their recommendations and 
endorsements, and in paying for programs so that more 
veterans can ride. 

Henry is optimistic that compelling scientific evidence 
resulting from these projects will convince the insurance 
profession to buy in as well in order to help cover the 
cost of equine-assisted therapies for military veterans.

“It’s been a hard concept for us to sell the importance of 
research, and we really appreciate that the AAEP 
Foundation could see the benefit,” she said.

“We have 20 veterans a day committing suicide,” she 
added. “That’s an incredible number that adds up to 
more than the number of veterans who have died 
overseas in these last three wars (in Iraq and 
Afghanistan). And yet people still want to provide money 
for direct services; they’re not as compelled to provide 
money for research, which is really going to influence the 
future and the availability of this type of program.”

Foundation grants helping serve military veterans who bravely served us

A military veteran participates in therapeutic riding with the 
Caisson Platoon Equine Assisted Program at Fort Belvoir, 
Virginia.
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The 2015 AVMA Veterinary Leadership Conference and 
House of Delegates (HoD) winter meeting, jointly held in 
early January in Chicago, Ill., 
provided opportunities to 
advocate on behalf of equine 
practitioners with leadership 
of the AVMA and its various 
divisions.

Dr. Cynthia MacKenzie and I 
represented the AAEP at the 
HoD meeting, with AAEP 
President Dr. Kent Carter 
and AAEP Executive 
Director David Foley also in 
attendance for the 
conference. 

During the HoD meeting, 
several bylaws and resolu-
tions were introduced for consideration. Notable actions 
included ratification of an amended mission statement 
that is aligned with the Strategic Management Process 
currently being administered by the AVMA Core 
Management Team; and passage of resolutions that:

Client-Patient Relationship in consulting relation-
ships

animals

-
bials in private practice

With several AAEP members among the leadership of the 
AVMA and its various divisions, including Governmental 
Relations and Scientific Advisory, the Veterinary 
Leadership Conference presented an opportunity to 
address concerns related to equine practice. Through col-
laboration with the AVMA Scientific Advisory Division, 
we engaged the FDA to highlight the critical shortage of 
intravenous fluid availability in large animal practice. 
These discussions culminated in formulation of a joint 
letter from the AAEP and AVMA that has been sent to 
the appropriate governmental agencies. Valuable conver-
sations with our representatives in the USDA and AVMA’s 
Governmental Relations Division in Washington, D.C., 
also occurred relative to situations affecting equine 
welfare and private practice issues.

As always, Dr. MacKenzie and I remain grateful for the 
opportunity to serve the AAEP in such a substantive role 
as representing you, our colleagues, in the AVMA House 
of Delegates. If we can ever be of assistance, please feel 
free to contact either of us with issues or concerns you 
might have. 

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

Delegate Corner: Equine practice concerns raised at recent AVMA meeting

Dr. Stuart Brown II

By Stuart Brown II, DVM

AAEP member Dr. Lauren Baldwin, a sports medicine ambulatory 
practitioner with Rood & Riddle Equine Hospital in Saratoga 
Springs, N.Y., and veteran of the U.S. Army Veterinary Corps, passed 
away Jan. 31 at the Oconee Hospice of the Foothills Cottingham 
House in Seneca, S.C. She was 30.

Dr. Baldwin received her veterinary degree in 2010 from the 
University of Georgia and began working under former U.S. 
Equestrian Team veterinarian Dr. Brendan Furlong at B.W. Furlong 
& Associates in Oldwick, N.J. She was afforded the opportunity to 
work closely with Canadian Eventing Team veterinarian Dr. 
Christiana Ober at Furlong’s satellite facility Peak Performance 
Equine in Morriston, Fla. Dr. Baldwin joined Rood & Riddle in 
October 2014 following a two-year deployment to Afghanistan as a 
member of the U.S. Army Veterinary Corps.

AAEP mourns the loss of Dr. Lauren Baldwin

Dr. Lauren Baldwin



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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Dechra Veterinary Products has emerged as a leader in equine medicine via a specialized range of approved 
products. In May 2014, Dechra achieved FDA-approval of OSPHOS® (clodronate injection), the only intramuscular 
bisphosphonate for control of the clinical signs associated with navicular syndrome in horses. We have taken 

a forward-thinking approach in regenerative medicine with our well-known brands, 
Orthokine® vet irap and Osteokine® (PRP). In addition to this line, Dechra also achieved 
FDA-approval in 2010 of Equidone® Gel (domperidone), a novel product for the prevention 
of fescue toxicosis in periparturient mares.  

Dechra US recently acquired the manufacturing facility and assets to PSPC, Inc., including 
the PHYCOX® branded products. Auburn University has recently completed a study 
designed to observe improvements in lameness of the equine members of the Auburn 
University equestrian team after using Phycox EQ. The study has been submitted for review 
prior to publication.   

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

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

AAEP Educational Partner Profile:  Dechra Veterinary Products

The AAEP welcomes new members and congratulates recent graduates

NEW MEMBERS:

Jennifer Casebeer, DVM, Bennett, CO  
Undine Christmann, DVM DACVIM, Ewing, VA 
Casey Cole, DVM, Pittsfield, ME  
Alberto Filho, DVM, Ribeirao Preto, Brazil 
Pat Grant, DVM, Marina, CA  
Tiffany L. Hall, DVM, Ocala, FL  
Sally Morgan Iseman, DVM, Camden, SC  
Alana Catherine King, DVM, Millbrook, NY 
Carolin M. Langhorst, DVM, Ratingen, NRW, Germany
Devon Livingston, DVM, Pilot Point, TX  
Jennifer Lockwood, DVM, Elkton, FL  
Rusty L. Murdock, DVM, Boise City, OK  
Jodi Pitts, DVM, Montezuma, KS  
William Rasch, DVM, Boerne, TX  
Margaret Schreiner, DVM, Melvin, MI  
Eiry Spence, DVM, Edson, AB, Canada 
Tifenn Sutton, DVM, Bloomington, MN 

RECENT GRADUATES:

Casey Cole, DVM, Pittsfield, ME  
Brad Johnstone, DVM, Townsville, Australia 
Carlie Koonce, DVM, Edgemont, SD  
Kaitlyn Link, DVM, St. Thomas, ON, Canada 
Devon Livingston, DVM, Pilot Point, TX  
Jennifer Lockwood, DVM, Elkton, FL  
William Rasch, DVM, Boerne, TX  
Christine Shields, DVM, Austin, TX  
Eiry Spence, DVM, Edson, AB, Canada 
Magdalene Karon Stewart, DVM, Lexington, KY 
Tifenn Sutton, DVM, Bloomington, MN 
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Against blue skies and turquoise Pacific waters, 100 prac-
titioners immersed themselves in sun and science Jan. 
28-30 at the AAEP’s 17th Annual Resort Symposium on 
the Big Island of Hawaii. 

The meeting integrated a laid-back atmosphere that 
featured no shortage of sandals and Hawaiian shirts with 
an educational program that presented new diagnostics, 
treatments and techniques in the areas of dermatology, 
reproduction and joint therapies over the course of three 
half-day sessions. 

If a tropical midwinter respite from practice sounds good 
about now, pay attention to this space in coming months. 
Details surrounding the 2016 Resort Symposium are 
being finalized and will be announced soon. Rest assured, 
however: participation in the meeting will require 
sunscreen.

Bayer Healthcare Animal Health has been 
the sole sponsor of the Resort Symposium 
since its inception. The AAEP thanks Bayer 
for its continued support of equine 
continuing education.

AAEP bids ‘Aloha’ to 100 practitioners at Resort Symposium

Honor a colleague or group for their substantial contribu-
tions to the equine veterinary profession or well-being of 
horses with a nomination for an AAEP award.

Nominations are being accepted until June 1 for the 
following awards:

AAEP Research Award
Distinguished Educator – Academic Award
Distinguished Educator – Mentor Award
Distinguished Service Award
George Stubbs Award
Sage Kester Beyond the Call Award
The Lavin Cup (The Equine Welfare Award)

A description of each award, list of past recipients and 
link to the nomination form is accessible at www.aaep.
org/info/aaep-annual-awards. A nomination form is also 
available by contacting Sue Stivers, executive assistant, at 
(859) 233-0147 or sstivers@aaep.org. 

Award winners will be determined by the AAEP 
Nominating Committee and will then be presented to the 
board of directors for their approval. For the AAEP 
Research Award, the Nominating Committee will form an 
ad hoc research subcommittee comprised of up to five 
AAEP members who are qualified to evaluate the research 

and its significance. The subcommittee will make a rec-
ommendation to the Nominating Committee to approve 
or not approve the award for that year.

Award recipients will be honored at the AAEP’s 61st 
Annual Convention in Las Vegas, Nev., Dec. 5-9, 2015.

Nominate a deserving colleague for an AAEP award

Dr. Terry Blanchard, right, accepts the Distinguished 
Educator – Academic Award from 2014 AAEP President Dr. 
Jeff Blea during the 60th Annual Convention in Salt Lake 
City, Utah.

mailto:sstivers@aaep.org
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June 28-July 1, 2015

360° Diagnosing, Imaging and 

Treating from the Foot to the 

Fetlock

Fort Collins, Colorado

July 8-11, 2015

360° Ophthalmology

Gainesville, Florida
 

July 26-28, 2015

Focus on Ambulatory Medicine

Minneapolis, Minnesota
 

September 10-12, 2015

Focus on Poor Performance

Lexington, Kentucky

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

AAEP Rounds a convenient forum to discuss specific veterinary topics

You don’t have to work through the challenges of equine 
veterinary practice alone. You can get answers and advice 
from your fellow AAEP 
members by joining the 
interactive discussion taking 
place year-round in any of 
16 AAEP Rounds.

Rounds are e-mail commu-
nities centered on a specific 
topic and are an ideal way to exchange ideas and share 
expertise with AAEP members around the world. You 
can subscribe to the following Rounds:

In addition, you may also join the AAEP’s General Discussion 
List, which is open to a wide variety of topics of interest to 
AAEP members. For more information or to join a Round, 
log into www.aaep.org and click the “My AAEP” button.

Business Education
Complementary & 

Alternative (Integrative) 
Medicine

Dentistry
English Sport Horse
Equitarian
Infectious Disease
New Practitioners

Parenting
Podiatry
Public Auction
Purchase Exam
Racing
Reproduction/Perinatology
Solo Practitioner
Student
Western Performance Horse

Request research articles through the Texas A&M Medical Sciences Library

Your AAEP membership enables you to access valuable research articles 
from the Texas A&M Medical Sciences Library. To request mediated 
database searches and have documents delivered to your practice using the 
library’s Get It For Me service, go to http://getitforme.library.tamu.edu/
msllocal and log in. 

If you are a first-time user, you must register with your e-mail address and a 
password. Search results and articles will be delivered to your inbox within 
two business days.

No matter where you read Equine Veterinary Education, there’s now an app 
for that! The new AAEP Publications app enables you to read EVE and the 
Annual Convention Proceedings from the convenience of your tablet or 
smartphone. Simply use your AAEP website login to access all issues of EVE 
since January 2014 as well as the Annual Convention Proceedings. Download 
it from your app store today!

Read EVE on your smartphone or tablet

http://www.aaep.org
http://www.aaep.org
http://getitforme.library.tamu.edu/


One powerful force of nutrition.
You are in it to win it. And with ProForce® premium horse feed, 
you can count on advanced nutrition that delivers championship-
caliber results. Each unique formula combines world-class science, 
research and technology for unprecedented levels of performance, 
stamina and recovery. And with features like prebiotics and 
probiotics, high fat, guaranteed amino acids and organic trace 
minerals, you can trust Nutrena® to give your horse the focused 
power to fi nish (and stay) on top.

ProForceFeed.com
©2013 Cargill, Incorporated. All Rights Reserved. 

http://www.ProForceFeed.com


Mosquitoes may be small, but as transmitters of West Nile virus, they can cause big 
problems for your horse. Talk with your veterinarian about WEST NILE-INNOVATOR®, the 
West Nile vaccine that has helped protect more horses than any other.1 

WestNileInnovator.com/Horse

http://www.WestNileInnovator.com/Horse


Highlights of recent clinically relevant papers

Faecal microbiota and colic
Recent studies have explored the complex nature of the
equine faecal microbiota; this study by Scott Weese and
colleagues in Canada and the USA aimed to determine if
there were consistent changes in the microbiota preceding an
episode of colic.

A population of pregnant mares was used; faecal samples
were collected from 221 mares, of which 24 developed post
partum colic. Thirteen samples were suitable for microbiota
analysis, 13 time-matched controls from pregnant mares were
used and 5 non-pregnant mares were used as an additional
control group. Pre and post foaling faecal samples were
analysed by next generation sequencing following DNA
extraction. The faecal microbiota during late pregnancy was
different from that of non-pregnant control mares, but only in
the microbial community membership and structure, rather
than differences in phyla. There was no significant impact of
foaling on the faecal microbiome; however, faecal samples
collected prior to colic episodes had a significantly higher
relative abundance of Proteobacteria. Samples with a relative
abundance of Firmicutes of <50% all preceded a colic
episode.

The consistent changes in faecal microbiota which
preceded episodes of colic found in this study may lead to
identification of higher risk mares and manipulation of the
microbiota in order to reduce the risk of colic.

Eosinophilic keratitis
Mary Lassaline-Utter and colleagues in the USA have recently
reviewed the medical records of horses with eosinophilic
keratitis (EK) in the Mid-Atlantic United States in order to
document the characteristics, treatment and outcome of the
cases and also to evaluate the effects of different treatments
and the likelihood of recurrence.

A retrospective medical records review identified 27 horses
(46 eyes) diagnosed with EK over a 5-year period. Recurrence
data was obtained by phone interview.

As well as documenting the characteristics, treatment and
outcome of these cases the authors aimed to evaluate the
effects of topical or systemic corticosteroid treatment, oral
cetirizine treatment and secondary corneal infection on
disease duration; and also to evaluate the association
between corticosteroid and cetirizine treatment and likelihood
of recurrence.

Eosinophilic keratitis was found to be seasonal with 92% of
cases developing clinical signs between June and October.
The most cases were diagnosed in July (41%). Forty-four
percent of the affected horses had been affected in previous
years. Time to resolution averaged 3.7 months. Ten horses (18
eyes) were treated with systemic dexamethasone, with a
significantly shorter time to resolution (average 2.23 months)
than horses not so treated (average 4.20 months). Secondary
infection led to a significant increase in time to resolution
(average 4.1 months) compared with horses without
secondary infection (average 3.0 months). All eyes were visual
at resolution. Horses treated with cetirizine were less likely to
have recurrence during the follow-up period (8%) than horses
not so treated (57%).

The authors concluded that EK has a seasonal occurrence
in summer in the Mid-Atlantic United States. Systemic but not
topical corticosteroid treatment may decrease therapy
duration. Treatment with cetirizine may be associated with a
decreased risk of recurrence.

Comparison of sedation protocols
In this recent study Charlotte Marly and colleagues in
Switzerland have compared the clinical usefulness of constant
rate infusion (CRI) protocols of romifidine with or without
butorphanol for sedation of horses.

Two treatments were used in this trial which used 40 healthy
Freiberger stallions. Twenty horses received intravenous (i.v.)
romifidine (loading dose: 80 μg/kg bwt; infusion: 30 μg/kg
bwt/h) (treatment R) and 20 horses received romifidine
combined with butorphanol (romifidine loading: 80 μg/kg bwt;
infusion: 29 μg/kg bwt/h, and butorphanol loading: 18 μg/kg
bwt; infusion: 25 μg/kg bwt/h) (treatment RB). Dentistry and
ophthalmic procedures were performed on 21 horses
and opthalmic procedures and buccal examination only on
19 horses. Physiological parameters and occurrence of
head/muzzle shaking or twitching and forward movement
were recorded during the procedures. Additional romifidine
(20 μg/kg bwt, i.v.) was given whenever sedation was
insufficient. Recovery time was evaluated by assessing head
height above ground and both the dentist and anaesthetist
scored the overall quality of sedation using a visual analogue
scale.

Median sedation quality scores assessed by the
anaesthetist were R: 7.55 and RB: 8.8, and by the dentist R: 6.6,
RB: 7.9. Horses receiving RB showed clinically more effective
sedation as demonstrated by fewer poor scores and lower
additional drug requirements. More horses showed forward
movement and head shaking in treatment RB than treatment
R. Three horses (2 RB, 1 R) had signs of colic following sedation.

These protocols provide effective sedation under clinical
conditions but the addition of butorphanol is advantageous
for dentistry procedures.

Effects of epidural morphine in horses after
laparoscopic surgery
In this randomised clinical trial, Manuel Martin-Flores and
colleagues at Cornell University, USA, evaluated their
hypothesis that epidural morphine decreases pain in horses
after laparoscopic surgery without adversely affecting
gastrointestinal (GI) motility.

Eighteen horses undergoing laparoscopic
cryptorchidectomy under general anaesthesia were randomly
assigned to receive either epidural morphine (0.1 mg/kg bwt)
or no epidural before the start of surgery. Pain behaviour was
rated during the first 2 days following surgery using a numerical
scale. Barium-filled spheres were administered through a
nasogastric tube before anaesthesia. Gastrointestinal motility
was assessed by recording manure production and the
number of spheres in the manure, and by abdominal
auscultation of intestinal sounds. Heart rates and cortisol
concentrations were also measured during the post operative
period.
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Pain scores increased for 12 h after surgery in the control
group and were significantly higher than in the morphine
group for the first 6 h. Pain scores remained unaltered in the
morphine group throughout the observation period. Heart rate
and plasma cortisol concentrations did not differ between
groups or with time. No signs of colic were observed in any
horse. The authors concluded that the doses of epidural
morphine used in this study did not adversely affect GI motility
in horses after laparoscopic surgery under general
anaesthesia.

Colonic sand accumulation treatments
In this study, Kati Niinistö and colleagues in Finland and Estonia
have compared the effects of enteral psyllium mucilloid
(psyllium), magnesium sulphate (MgSO4) and a combination
of MgSO4 and psyllium on the evacuation of large
accumulations of sand in the large colon of adult horses.

Thirty-four horses with naturally acquired, large sand
accumulations (>5 cm x 15 cm) identified on abdominal
radiography were randomly allocated to one of 3 treatment
groups: 1) 1 g/kg bwt psyllium (n = 12); 2) 1 g/kg bwt MgSO4 (n
= 10); or 3) their combination (n = 12). Treatments were
administered once a day via nasogastric intubation for a total
of 4 days. Lateral radiographs of the ventral abdomen were
repeated on Day 4 of treatment and if the area of sand in the
radiographic image was <25 cm2, the sand accumulation was
considered resolved. Nine of the 12 horses treated with a
combination of psyllium and MgSO4 evacuated the sand from
the ventral colon within 4 days. In comparison, only 3/12 horses
treated with psyllium and 2/10 horses treated with MgSO4
resolved.

The authors concluded that large accumulations of sand in
the large colon of horses can be treated medically and that
administering a combination of psyllium and MgSO4 via
nasogastric intubation once daily for a total of 4 days was a
more effective treatment than either constituent alone.

Antinociceptive effects of three escalating
constant rate infusions
A. Risberg and colleagues in Norway and Switzerland
investigated the antinociceptive effects of 3 escalating
dexmedetomidine and lignocaine constant rate infusions in
conscious horses.

Intravenous (i.v.) infusions of dexmedetomidine and
lignocaine are used clinically to provide analgesia in horses.
In this study using 10 Swiss Warmblood horses, the authors
compared the antinociceptive effects, plasma
concentrations and sedative effects of 2, 4 and 6 μg/kg bwt/h
dexmedetomidine i.v., with a bolus of 0.96 μg/kg bwt
preceding each continuous rate infusion (CRI), and 20, 40 and
60 μg/kg bwt/min lignocaine i.v., with a bolus of 550 μg/kg bwt
preceding each CRI.

Dexmedetomidine increased nociceptive threshold to
single and repeated stimulation for all CRIs, except at 2 μg/kg
bwt/h, where no increase in single stimulation nociceptive
threshold was observed. It also increased nociceptive
tolerance to single and repeated stimulation at all CRIs. There
was large individual variability in dexmedetomidine plasma
concentrations and levels of sedation; the median plasma
concentration providing antinociceptive effects to all
recorded parameters was 0.15 ng/ml. Lignocaine increased

nociceptive threshold and tolerance to single and repeated
stimulation at CRIs of 40 and 60 μg/kg bwt/min, corresponding
to plasma lignocaine concentrations >600 ng/ml. Only
nociceptive tolerance to repeated stimulation increased at
20 μg/kg bwt/min lignocaine. Lignocaine at 40 μg/kg bwt/min
and dexmedetomidine at 4 μg/kg bwt/h were the lowest CRIs
resulting in consistent antinociception. Lignocaine did not
induce significant sedation.

Movement symmetry during lungeing
In this study by Thilo Pfau and colleagues in the UK, Denmark
and Sweden, the difference in movement symmetry in lunged
horses on different surfaces was assessed using quantitative
gait analysis.

Twenty-three horses, deemed sound according to their
owners were used in the study. Lameness assessment included
trotting in hand on a straight line and lungeing on a 10 m circle
on both reins on both hard and soft surfaces. Fourteen horses
were assessed as having a forelimb lameness, with both
surface and rein having an effect on movement symmetry in
these horses, with asymmetry of headmovement most marked
when the lame limb was on the outside of the circle. In the 9
horses assessed as moving symmetrically, there was no effect
of surface or rein on head or pelvic movement symmetry.
Within both groups variation of movement symmetry was
noted, emphasising the need to include lungeing assessment
before classifying a horse as ‘sound’.

The authors concluded that assessment of horses on a
straight line only should not be used as a sole measure of
lameness. Assessment on both reins and on differing surfaces
should be undertaken.

S. WRIGHT
EVE Editorial Office
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International 3-Day 
Modules 
Advanced Education 
1 1/2-day Lecture, 1/2-day Dissection & Demo, 
1/2-day Wet Lab

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

July 2-4
Foot & Pastern
Cascina Gufa
Italy

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

October 29-31
Neck & Back
Clinique de Grosbois
France

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

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

April 21
Pre-Purchase Exams 
Lexington Equine Surgery
Lexington, Virginia

April 22
Foot, Pastern & Fetlock
Lexington Equine Surgery
Lexington, Virginia

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

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

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

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

August 28-30 
Pelvis
Hagyard Equine
Lexington, Kentucky

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

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

Highest Quality and Best Value in 
Equine Sports Medicine Education

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

FURTHERING THE EDUCATION OF 
EQUINE PRACTITIONERS FOR 

UNPARALLELED MANAGEMENT OF 
LAMENESS IN THE EQUINE ATHLETE

www.iselp.org

http://www.iselp.org


The Winning Formula
for Champions

There are no known contraindications to the use of intramuscular Adequan® i.m. brand Polysulfated Glycosaminoglycan in horses. Studies have not been 
conducted to establish safety in breeding horses. WARNING: Do not use in horses intended for human consumption. Not for use in humans. Keep this and 
all medications out of the reach of children. Caution:  Federal law restricts this drug to use by or on the order of a licensed veterinarian. Each 5 mL contains 
500 mg Polysulfated Glycosaminoglycan. Brief Summary Indications: For the intramuscular treatment of non-infectious degenerative and/or traumatic joint 
dysfunction and associated lameness of the carpal and hock joints in horses.  

SEE PRODUCT PACKAGE INSERTS AT WWW.ADEQUAN.COM FOR FULL PRESCRIBING INFORMATION 

Adequan® is a registered trademark of Luitpold Pharmaceuticals, Inc.  ©LUITPOLD PHARMACEUTICALS, INC., Animal Health Division, 
2014 Shirley, NY 11967. Image of Shawn Flarida ©Shannon Brinkman is used with permission.  AHD070, Iss. 10/2014

Shawn Flarida and Spooks Gotta Whiz won the Gold
Medal in Reining at the FEI AllTech World Equestrian 
Games™ 2014 in Normandy, France

Adequan®  i.m. (polysulfated glycosaminoglycan) is the only product approved by the FDA for the intramuscular treatment of non-infectious degenerative 
and/or traumatic joint dysfunction and associated lameness of the carpal and hock joints in horses.  To learn more, visit www.adequan.com

Adequan®  i.m is now available through your veterinarian.

http://www.adequan.com


Case Report

Bilateral leiomyoma in the testes of a horse
A. L. Stoll, R. Tucker*†, T. H. Witte† and K. C. Smith
Department of Pathology and Pathogen Biology and †Clinical Science and Services, Royal Veterinary College,
University of London, Hatfield, Hertfordshire, UK.
*Corresponding author email: rtucker@rvc.ac.uk

Keywords: horse; tumours; neoplasia; immunohistochemistry; tunica albuginea

Summary
A 19-year-old Hackney pony was referred to a veterinary
teaching hospital for further investigation of left-sided scrotal
enlargement. Both testes were normally positioned within
the scrotum and there was no pain on palpation.
Ultrasonography revealed multiple masses of soft tissue
echogenicity, located adjacent to the testicular parenchyma.
They were hyperechoic when compared to the testicular
parenchyma and affected both testes. Surgical excision was
performed by closed castration. Gross examination revealed
firm, white, nodular masses of varying size on the surface of
both testes. The cut surface of individual masses had a dense,
whorling, fibrous and somewhat shiny appearance. The
histopathological diagnosis was bilateral, multicentric, well
differentiated leiomyoma of the tunica albuginea. The smooth
muscle origin was confirmed by immunohistochemical
staining with an anti-human monoclonal antibody reactive to
smooth muscle actin. This is the first report of a bilateral,
multicentric, leiomyoma in the testes of a horse confirmed by
histopathology and immunohistochemistry. This case
highlights that neoplasia should be considered as a differential
for bilateral testicular enlargement.

Introduction
The incidence of testicular tumours in horses is considered rare
and early castration is commonplace, but reported tumours
include those of germ cell, sex cord stromal cell, mixed and
other cell origins (Schumacher 1999). Bilateral testicular
tumours have been reported in horses and include bilateral
seminoma (Christensen et al. 2007), leiomyosarcoma (Chiong
et al. 2004) and a mixed seminoma and leiomyoma
(Weiermayer and Richter 2009). Testicular neoplasia often
presents as nonpainful enlargement of scrotal testes (Brinsko
1998). The most common tumour of equine testes is the
seminoma, a germ cell tumour, which can grow quickly and
has the potential to metastasise (Brinsko 1998), highlighting the
importance of early diagnosis and treatment. Leydig and
Sertoli cell tumours are less common in horses. Leydig (also
known as interstitial) cell tumours are more common in
cryptorchid testes (Edwards 2008). Neoplasia of the testes must
be differentiated from a number of other pathological
conditions of the scrotal contents which can be nonpainful
(hydrocoele and haematocoele) or painful (orchitis,
periorchitis, torsion of the spermatic cord, inguinal herniation
and testicular abscess) (Pascoe et al. 1981 and Brinsko 1998).

Case history
A 19-year-old Hackney pony was referred to a veterinary
teaching hospital for further investigation of left-sided scrotal

enlargement. The owner had noted the enlargement for
approximately 3 weeks. It was uncertain how large the testes
were at the time the abnormality was first noted or how long
they had definitively been enlarged. The pony was not in use
as a breeding animal although had served mares on a few
occasions as a younger animal. No behavioural changes had
been observed and there was no history of weight loss or colic.

Clinical, gross and histopathological findings
and treatment
On physical examination the animal was in good general
health. Vital parameters were within normal reference ranges
and body condition score was graded 5/9 (Henneke et al.
1983).

Both testes were normally positioned within the scrotum. An
approximately 10 cm diameter firm mass was palpated
adjacent to, and adhered to, the left testicle. This mass had
reportedly enlarged since the initial examination 3 weeks
previously. Several smaller sized masses were palpable
adjacent to the right testicle. These were of the same
consistency as the mass on the left testicle and were also
adhered to the testicle. The right testicle had not been noted
as abnormal previously. The scrotal skin had a normal
appearance and was freely movable over the testes. There
was no pain on palpation with no heat or further swelling. No
other urogenital abnormalities were identified.

Ultrasonography of the testes was performed in the
standing unsedated horse (Vivid 7 8–10 MHz linear array)1. An
extra-testicular echogenic mass of soft tissue echogenicity was
identified adjacent to the pampiniform plexus of the left
testicle. The structure had a similar echogenicity throughout,
but not of completely uniform pattern, having a whorled
appearance and of higher echogenicity than the testicular
parenchyma. There was no acoustic shadowing and no cystic
architecture or fluid was identified. Colour Doppler imaging
showed no detectable vascularity within the mass. The
ultrasonographic appearance was similar to that described
by Mak et al. (2004) who described a whorled echopattern
and no vascularity in a leiomyoma of the tunica albuginea in
man.

Surgical excision was elected based on the fairly rapid
growth of the masses and progression of bilateral signs. An
incisional biopsy was not performed as castration enabled
diagnosis and treatment in the same procedure, when
financial limitations existed and there was no requirement for
future fertility. Surgical excision was performed by way of
closed castration with primary skin closure, under general
anaesthesia, using standard surgical technique (Schumacher
2012). The testes, with their associated masses, were freely
mobile within the vaginal tunics.
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The testes, excluding the masses, measured 12 cm in
length and 6 cm in diameter. Gross examination revealed firm,
white, nodular masses on the surface of both testes. They were
overlying the testicular parenchyma, positioned close to, but
not involving the head of the epididymis and pampiniform
plexus. They were varying in size, the largest, attached to the
left testicle, measuring 10 cm in length and 6 cm in diameter.
Sectioning the testes demonstrated multiple nodular masses,
with underlying testicular parenchyma of unremarkable
appearance. The cut surface of individual masses had a
dense, whorling, fibrous, white and somewhat shiny
appearance (Fig 1).

Histopathological examination of the testes revealed well
demarcated, densely cellular, nodular, expansile,
encapsulated neoplastic masses arising from the tunica
albuginea. The neoplastic cells were arranged in broad,
closely packed, disorientated fascicles surrounded by a fine
fibrovascular stroma (Fig 2). The neoplastic cells were
spindle-shaped, with a moderate amount of sometimes
vacuolated eosinophilic cytoplasm and had indistinct cell
borders. The nuclear to cytoplasmic ratio was low. The
elongated nuclei were centrally placed, with finely stippled,
vesicular chromatin and had individual inconspicuous
nucleoli. Anisocytosis and anisokaryosis were mild. No
mitotic figures were observed in 10 high power (×400) fields.
Staining with a mouse anti-human monoclonal antibody
reactive to alpha smooth muscle actin (Novocastra
NCL-SMA) confirmed the smooth muscle origin of the cells
(Skalli et al. 1986), supporting a diagnosis of bilateral
leiomyoma (Fig 3).

Follow-up was performed 6 months post surgery by
telephone conversation with the horse’s owner. The horse was
reported to be clinically well, had recovered routinely from
surgery and was disease-free.

Discussion
In the case reported here, histopathological examination was
consistent with a bilateral, multicentric, well differentiated
leiomyoma of the tunica albuginea. Leiomyomas are tumours
of smooth muscle origin and testicular leiomyomas have been
reported in a number of species, including sheep, horses and
man (Foster et al. 1989; Johnson and Steinberg 1989; Chiong
et al. 2004). They are discrete, expansile, noninvasive tumours
and, when well differentiated, can be difficult to distinguish
from normal smooth muscle. However, the presence of a
nodular mass with some degree of disorientation of the cells
characterises these masses as tumours (Cooper and Valentine

Fig 1: Gross appearance of testes from a 19-year-old horse with
bilateral testicular swelling.

Fig 2: Histopathological appearance of a leiomyoma of the tunica
albuginea of the testis of a horse, ×100, haematoxylin and eosin.

Fig 3: a) Immunohistochemistry of a leiomyoma of the tunica
albuginea of the testis of a horse, ×200, smooth muscle actin.
b) Positive control. c) Negative control.
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2002). Leiomyomas are benign; however, they can grow to a
size which can cause compression and atrophy of adjacent
testicular parenchyma. Excision is curative; however,
leiomyomas can occur along the entire urogenital tract. In this
case, where multiple tumours were found, one should not
exclude the possibility of additional tumours elsewhere along
the urogenital tract.

Multifocal tumours originate from a unique cellular clone
and grow multifocally within a single organ, whilst multicentric
tumours do not exhibit a clonal relationship, with respect to
their carcinogenesis, yet they can develop simultaneously in
more than one organ (de Werra 2009). The mechanism has yet
to be fully elucidated; however, when deciding appropriate
treatment or surgery for tumours of paired organs it is
particularly important to consider if bilateral disease represents
metastasis or results from genetic predisposition. For example,
human renal cell carcinoma can occur bilaterally and may be
associated with a single gene alteration responsible for the
development of tumours (Latif et al. 1993 and Marston Linehan
2009). An understanding of the underlying genetic
predisposition allows judicious selection of a treatment
protocol for the individual patient.

Smooth muscle is present in the tunica albuginea,
epididymis and spermatic cord of the horse (Chacon-Arellano
and Woolley 1980). Proliferations of smooth muscle can be
seen in hyperplasia of the testicular smooth muscle in man
(Blach et al. 2011), leiomyosarcomas in the testicular smooth
muscle of horses (Allison and Moeller 1999) and leiomyomas of
the testicular smooth muscle of horses (Johnson and Steinberg
1989). The macroscopic and histopathological appearance of
leiomyomas is very similar to that of fibromas, although neither
metastasise and excision is curative for both neoplasms.
Immunohistochemistry using an antibody against alpha
smooth muscle actin can be employed to identify smooth
muscle (Weiermayer and Richter 2009). This is the first report of
a bilateral, multicentric leiomyoma in the testes of a horse
confirmed with histopathology and immunohistochemistry. This
case highlights the importance of considering neoplasia as a
differential for bilateral testicular masses. In this case, genetic
predisposition or a simultaneous transformation event is more
likely than metastasis, due to the well differentiated,
encapsulated, noninvasive nature of the neoplasm.
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Clinical Commentary

The diagnostic challenge of scrotal enlargement in the stallion
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Introduction
Mature intact stallions are underrepresented in the domestic
horse population, primarily because most stallions are
castrated at a young age to ameliorate the expression of
sexual or aggressive behaviour. Nevertheless, because the
major reason for maintaining an intact stallion is for the
purpose of breeding they are often valuable animals. For
expensive or potentially popular breeding stallions, it is
common practice to evaluate testicular size as an index of
semen production capacity and, depending on the studbook
with which the stallion is to be registered, further parameters of
semen production and quality may also be evaluated prior to
acceptance or insurance as a breeding stallion. Once at stud,
the external genitalia of stallions used to mate significant
numbers of mares are inspected regularly, albeit fairly
superficially, either after semen collection for artificial
insemination or after natural cover. In most cases, per cycle
pregnancy rates are also monitored throughout the breeding
season. The aim of the initial checks is to ensure that the stallion
has normal genitalia and can be considered ‘breeding
sound’, whereas subsequent monitoring is focused on ensuring
optimal reproductive efficiency, but has the added
advantage of helping to identify any reproductive problems
at an early stage. By contrast, intact stallions that are not used
for breeding or used only on occasional mares, such as the
Hackney pony stallion described in this issue (Stoll et al. 2015),
are not regularly inspected or closely monitored and, as a
result, the detection of subtle or chronic reproductive tract
abnormalities is likely to be delayed.

Differential diagnosis and diagnostic work-up of
scrotal enlargement in the stallion
Unilateral or bilateral scrotal enlargement is one of the most
common and readily apparent genital tract abnormalities in
the stallion. In the case reported in this issue, Stoll et al. (2015)
were able to restrict the differential diagnoses for scrotal
enlargement based on the absence of scrotal or testicular
pain. An enlarged, painful scrotum can result from various
inflammatory, obstructive or traumatic conditions including
periorchitis, orchitis, epididymitis, testicular abscessation,
testicular haematoma, inguinal hernia and torsion of the
spermatic cord. In parallel with the presence or absence of
pain, differential diagnosis can be greatly assisted by
identifying the anatomical structure or site affected, where this
may include the scrotal skin, vaginal tunic or cavity, testis,
epididymis, or spermatic cord (Table 1). In this respect, the list
of potential causes of an enlarged scrotum is quite large and
it is important to identify the underlying aetiology in order to
implement an appropriate treatment regime, be it specific or
symptomatic, and offer a reliable prognosis. Rapid diagnosis
can also be critical because some of the underlying conditions

can have a profound detrimental effect on sperm production
capacity, sperm quality and fertility and/or the general health
of the stallion; indeed, a strangulating inguinal hernia will need
emergency surgery to avoid severe complications while it is
advantageous to detect testicular tumours early because
some, in particular seminomas, have the potential to
metastasise and thereby become life-threatening (Sherman
et al. 1990).

The first step in the differential diagnosis of scrotal
enlargement is to obtain a detailed medical and, if
applicable, reproductive history followed by a general clinical
examination (i.e. are there indications of systemic disease).
Subsequently, the scrotum should be inspected and palpated
noting the size, symmetry, consistency, orientation (as
indicated by the position of the cauda epididymis), mobility,
temperature and sensitivity to palpation of both testes and the
other scrotal contents. Palpation of the scrotal contents of the
Hackney pony stallion reported by Stoll et al. (2015) revealed a
relatively large, firmmass attached to the left testis and several
smaller masses connected to the right testis. The absence of
pain as a presenting sign or during palpation helped
significantly to narrow down the range of possible causes.
Moreover, because the masses could be delineated from the
testes during scrotal palpation, it was probable that they did
not originate from the testicular parenchyma. Nevertheless,
ancillary diagnostic techniques were quite rightly used to
confirm the clinical impression. One ancillary technique that
was not considered appropriate in the current case was
semen evaluation. Semen evaluation can, however, be a
valuable diagnostic and prognostic indicator in stallions with
testicular or scrotal pathology, since it gives information about
the number and normality of sperm cells and the presence of
abnormal (e.g. inflammatory) cells, microorganisms etc. This
can be particularly valuable during diagnosis and monitoring
of the response to treatment in case of inflammatory
conditions. Nevertheless, the most useful initial diagnostic tool
for stallions with an enlarged scrotum is ultrasonography, which
will assist localisation of any enlargements or abnormalities to
anatomical locations within the scrotum and give an
indication of the nature or composition of any abnormal
structures. Indeed, scrotal ultrasonography in the Hackney
pony stallion described by Stoll et al. (2015) confirmed that the
masses were paratesticular, suggesting that they originated in
either the tunica albuginea of the testis or the vaginal tunic,
and further demonstrated that they were poorly vascularised
soft tissue masses. The differentiation between a tumour
originating from the testicular parenchyma as opposed to
other tissues within the scrotum is of significance because, as
mentioned above, some testicular tumours have been
associated with a significant risk of metastasis. In cases of
anticipated malignancy and indeed in stallions presenting
with acute scrotal pain, ultrasonography of the spermatic cord
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becomes an integral part of the investigation since early stage
metastasis can be evident as enlargements alongside the
pampiniforum plexus and vas deferens (Fig 1), while in cases
presenting with acute severe discomfort, ultrasonography of
the spermatic cord can demonstrate the presence of
abdominal contents (e.g. a small intestinal loop) in the
inguinal canal and indicate whether vascularisation of the
testicle is affected (arterial blood flow or venous return).
Ultrasonographic changes in the spermatic cord associated
with a testicular tumour indicate a necessity to perform
further investigation for spread beginning with a rectal
examination to investigate local metastasis into the draining
lymph nodes or abdominal cavity. A potentially useful
additional ultrasonographic modality when examining an
intra- or paratesticular mass is colour Doppler, which, by
highlighting vascular patterns, can help to distinguish between

benign and malignant masses (Huang and Sidhu 2012). Last
but not least, a needle biopsy of a mass can be performed to
yield a histological diagnosis and help determine the most
appropriate treatment. Nevertheless, in practice, histological
diagnosis is often performed following orchidectomy,
especially when the stallion is only unilaterally affected and
removal of the affected organ will not signal the end of the
breeding career.

Leiomyoma in the reproductive tract of
the stallion
Leiomyomas are benign tumours that originate from smooth
muscle cells. While there are a number of reports describing
uterine leiomyomas in the mare (Muurlink et al. 2008; Heijltjes
et al. 2009), it is still an uncommon problem, and there are
even fewer reports of leiomyomas in the reproductive tract of

TABLE 1: Differential diagnosis of scrotal enlargement in relation to the affected scrotal structure

Scrotal structure Scrotum Vaginal tunics/cavity Testis Epididymis Spermatic cord

Pathological
condition

Scrotal oedema Hydrocoele Orchitis Epididymitis Torsion of the
spermatic cord

Scrotal laceration Haematocoele Testicular neoplasia Sperm granuloma Thrombosis of the
spermatic artery

Scrotal contact
dermatitis

Pyocoele Testicular abscess Epididymal cysts Varicocoele

Neoplasia Periorchitis Testicular haematoma Neoplasia
Inguinal hernia Testicular cysts

Rent in the vaginal tunics
with herniation of the
testis

Testicular pseudocyst

Neoplasia Ruptured tunica
albuginea

Neoplasia tunica
albuginea

Fig 1: Unilateral scrotal enlargement in a stallion as a result of a seminoma. Scrotal ultrasonography revealed an enlarged right spermatic
cord with several dilated vessels in the pampiniform plexus. In addition, a sizeable mass was palpated in the area of iliac lymph nodes
indicating metastasis to at least the abdominal cavity.
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the stallion. The authors are aware of only 4 reports of a
leiomyoma of the tunica albuginea of the testis in a stallion
(Klug and von Lepel 1979; Johnson and Steinberg 1989;
Wilborn et al. 2013; Stoll et al. 2015). Potentially significant
questions that are not addressed by the current report are
whether a leiomyoma of the tunica albuginea negatively
affects the fertility of the stallion and whether radical excision
including orchidectomy is essential. Any answers to these
questions will remain speculative given the paucity of clinical
cases. Nevertheless, a small leiomyoma located outside the
testicular parenchyma would not be expected to have a
direct negative effect on spermatogenesis. Over time or with
enlargement, however, a leiomyoma in the neck of the
scrotum could impede normal testicular movement and
thermoregulation and even begin to impede normal vascular
perfusion or efflux. The benign character of a leiomyoma
suggests that complete local excision should probably be
curative; however, in the current case the fact that the
pathology was multicentric indicates multiple sites of origin
and therefore a possibility of recurrence at other sites within
the tunica albuginea, or as Stoll et al. (2015) suggest,
elsewhere within the urogenital tract. Thus, while debulking the
tumour would prevent pressure necrosis of underlying testicular
parenchyma, it is difficult to determine whether tumour
excision alone would have been sufficient to prevent local
recurrence.

In conclusion, while we agree with Stoll et al. that
neoplasia should be considered a possible cause of bilateral
testicular enlargement, and there are also reports of bilateral
neoplasia of testicular cell origin (Melo et al. 2007; Govaere
et al. 2010), it is likely to be an unusual occurrence and would
require a thorough diagnostic work-up involving, at the very
least, ultrasonographic examination of the scrotal contents
and possibly backed up by cellular level examination via
semen collection or needle biopsy to assess effects on semen
production and establish malignancy. Establishing that the
tumour was benign would suggest that the prognosis in terms
of survival is likely to be favourable even if treatment was

limited to local excision to salvage reproductive potential.
However, giving a prognosis for future fertility, even if semen
quality was initially unaffected, may bemore difficult given the
risks of local recurrence necessitating orchidectomy, or
resulting in progressively compromised testicular function due
to compression or thermoregulatory dysfunction.
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and veterinary care is initiated.
Effectiveness: Two hundred fifty-three client-owned horses of various breeds, 
ranging in age from 2 to 37 years and weighing from 595 to 1638 lbs, were 
randomly administered EQUIOXX or an active control drug in multi-center field 
studies. Two hundred forty horses were evaluated for effectiveness and 252 
horses were evaluated for safety. Horses were assessed for lameness, pain on 
manipulation, range of motion, joint swelling, and overall clinical improvement in 
a non-inferiority evaluation of EQUIOXX compared to an active control. At study’s 
end, 84.4% of horses treated with EQUIOXX were judged improved on veterinarians’ 
clinical assessment, and 73.8% were also rated improved by owners. Horses 
treated with EQUIOXX showed improvement in veterinarian-assessed lameness, 
pain on manipulation, range of motion, and joint swelling that was comparable to 
the active control.
Storage Information: Store below 86°F (30°C). Brief excursions up to 104°F 
(40°C) are permitted.
How Supplied: EQUIOXX is available in packs of 20, 72 and 216 individually-
boxed syringes. Each syringe contains 6.93 grams of EQUIOXX® paste, sufficient 
to treat a 1250 lb. horse.
Marketed by: Merial LLC, Duluth, GA 30096-4640
Made in Brazil
For technical assistance or to report suspected adverse reactions, call 1-877-217-
3543.
NADA 141-253, Approved by FDA
©2010 Merial.  All Rights Reserved.
U.S. Pat. No.: 5981576, 6020343

®EQUIOXX is a registered trademark of Merial.

Adverse Reactions Seen In U.S. Field Studies

Adverse
Reactions EQUIOXX n=127 Active Control

n=125

Abdominal pain 0 1

Diarrhea 2 0

Excitation 1 0

Lethargy 0 1

Loose stool 1 0

Polydipsia 0 1

Urticaria 0 1
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®EQUIOXX is a registered trademark of Merial. 
©2014 Merial, Inc., Duluth, GA. All rights reserved. EQUIEQX1301-F (08/14)

*Joint pain and inflammation associated with equine osteoarthritis, also called degenerative joint disease.
1 Shlueter AE, Orth MW. Equine osteoarthritis: a brief review of the disease and its causes. Equine Comp Exerc Physiol. 2004;1(4):221-231. 
2 EQUIOXX product labels.
3 American Quarter Horse Association. Show rules and regulations. Official Handbook of Rules and Regulations. 2012:130. 
  Available at: http://www.aqha.com/About/Content-Pages/About-the-Association/AQHA-Handbook.aspx. Accessed January 1, 2012. 
4 United States Equestrian Federation. Rule Book; Chapter 4: Drugs and Medications. 2011(4):GR401-GR408. 
  Available at: http://www.usef.org/_Iframes/RuleBook/2012Chapters.aspx. Accessed January 1, 2012.

Equine osteoarthritis can cut your clients’ horses’ careers short.1 EQUIOXX® (firocoxib) Oral Paste is proven  
to control the joint pain and inflammation associated with equine osteoarthritis with one daily dose.*2

And EQUIOXX Oral Paste is allowed by both the AQHA and USEF for use 
for up to 14 consecutive days – versus just five with other NSAIDs.3,4

YOUR CLIENTS’ HORSES CAN DO MORE FOR LESS WITH LOWER PRICING. 
Talk to your Merial Representative or visit equioxx.com to learn more.

IMPORTANT SAFETY INFORMATION: As with any prescription medication, prior to use, a veterinarian should perform a physical 
examination and review the horse’s medical history. A veterinarian should advise horse owners to observe for signs of potential drug 
toxicity. As a class, nonsteroidal anti-inflammatory drugs may be associated with gastrointestinal, hepatic and renal toxicity. Use with 
other NSAIDs, corticosteroids or nephrotoxic medication should be avoided. EQUIOXX has not been tested in horses less than 1 year of 
age or in breeding horses, or pregnant or lactating mares. For additional information, please refer to the prescribing information or visit 
www.equioxx.com.

http://www.equioxx.com


A 3-year-old Standardbred colt presenting with severe left hind limb lameness  

HISTORY

DIAGNOSTICS

STA NDING MR I Findings 

A standing MRI of the left hind pastern revealed a 
marked STIR and T2 hyperintensity and moderate T1 
and T2* hypointensity in the plantar and proximal 
aspect of the middle phalanx, indicating fluid 
accumulation in the trabecular bone, or bone edema 
pattern (Fig. 1-2). In addition, a well-defined round 
lesion in the mid to medial aspect of the distal scutum 
near its insertion onto P2 (Fig. 3) and an irregular 
pattern in the straight sesamoidean ligament.

TR EATMEN T: Post MRI Results 

Treatment with tiludronate was recommended to promote bone healing by slowing 
bone turnover and decreasing intraosseous inflammation. Continued confinement to 
a yard for four months took place before a gradual return to training. To find out how 
the horse is currently doing visit www.hallmarq.net.

Standing Equine MRI

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

JUST INFORMATION.
CASE STUDY NO. 3

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

Special thanks to Ballarat Veterinary Practice, Victoria, Australia, for the case study.  ©2015 Hallmarq, LLC.  All rights reserved.

� Physical exam: Generalized pastern swelling after a traumatic paddock  
  incident (fracture suspected).
� Nerve blocks: Local anesthesia of the tendon sheath yielded 90% improvement  
  of the lameness at the walk. 
� Radiographs: Unremarkable
� Nuclear Scintigraphy: N/A
� Ultrasound:       Unremarkable

Fig. 1 Fig. 2

Fig. 3

http://www.hallmarq.net


Case Report

Multiple skeletal metastases from a penile squamous cell
carcinoma in a horse
B. B. Nelson, E. F. Edmondson†, J. M. Sonis‡, C. B. Frank†, A. Valdés-Martínez§ and
B. S. Leise*
Department of Clinical Sciences and †Microbiology, Immunology and Pathology, §Environmental and Radiological
Health Sciences, Colorado State University, Fort Collins, Colorado; and ‡Hagyard Equine Medical Institute,
Lexington, Kentucky, USA.
*Corresponding author email: britta.leise@colostate.edu
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Summary
A 21-year-old gelding with ventral abdominal and preputial
oedema was evaluated for right hindlimb lameness. Partial
phallectomy had been performed 3 years prior for treatment of
squamous cell carcinoma. Regional analgesia did not localise
the source of lameness and nuclear scintigraphy was
recommended. The results of the scan revealed severe
increased radiopharmaceutical uptake in the proximal femur.
Radiographic and ultrasound examinations were inconclusive.
The horse was discharged with recommendations of stall
confinement and a 2 week course of nonsteroidal
anti-inflammatory drugs. Four weeks later the horse presented
for an inability to elevate his neck and persistent hindlimb
lameness. The owner elected humane euthanasia. Post
mortem examination revealed metastatic squamous cell
carcinoma in the proximal femur and fifth cervical vertebrae
consistent with metastasis from the penile squamous cell
carcinoma. To the authors’ knowledge, multiple site bone
metastasis of squamous cell carcinoma has not been reported
previously in the horse.

Introduction
The penis and preputial region is the second most common
location for tumours in the horse, second only to skin and the
subcutaneous tissues (Brinsko 1998). Squamous cell carcinoma
(SCC) is the most common genital tumour in the horse and
most commonly affects older males (Howarth et al. 1991; Mair
et al. 2000). Regional metastasis to local lymph nodes is not
uncommon. A large case series demonstrated that 7 out of 82
(8.5%) horses with penile SCC had regional lymph node
metastasis (van den Top et al. 2008). While regional lymph
node involvement can occur with SCC, distant metastasis is
extremely rare. In humans, penile SCC is reported to
metastasise via lymphatic drainage to inguinal lymph nodes
followed by pelvic lymph nodes prior to a distant metastasis
(Zhu et al. 2011). The most common sites of distant metastasis
following SCC in the horse include the lungs, heart and liver
(Cramer et al. 2011) and a single report documented
metastasis to bone (Patterson et al. 1990). The local
invasiveness of SCC into adjacent bone (osteolysis) has also
been described (Dixon and Head 1999). This report describes
the case of a horse with multiple SCC skeletal metastases
suspected from penile origin.

Case history
A 21-year old Thoroughbred gelding presented to the
Veterinary Teaching Hospital at Colorado State University for a
history of right hindlimb lameness and ventral abdominal and
preputial oedema. Three years prior to presentation, the horse
had a partial phallectomy for SCC, which was confirmed by
histopathology. One month prior to hospital presentation, the
horse developed ventral pitting oedema that included the
preputial sheath and a right hindlimb lameness was observed
and persisted until hospital presentation. A complete blood
count and biochemistry profile were performed by the
referring veterinarian, which did not reveal any abnormalities
aside from a mild thrombocytopenia (76 × 109/l; reference
range: 100–600 × 109/l). Lameness examination by the referring
veterinarian revealed a grade 3/5 lameness of the right
hindlimb. An abaxial nerve block did not improve the
lameness. A peroneal-tibial nerve block improved the baseline
lameness 20%, and intra-articular stifle anaesthesia did not
change the lameness. Transabdominal ultrasound and rectal
palpation did not reveal any abnormalities. Examination of his
penis revealed small raised areas present near the site of prior
amputation, which were histologically consistent with scar
tissue. The horse was placed on a course of phenylbutazone
and referred for further evaluation of his persistent lameness.

Clinical findings
Upon presentation the horse was quiet and alert with its
temperature, pulse and respiratory rates within normal
reference intervals. The horse was in mildly decreased body
condition (2 out of 5) and weighed 454 kg. Cardiac and
pulmonary auscultation did not reveal any murmurs or
respiratory abnormalities. Gastrointestinal borborygmi were
present in all quadrants. His hydration status was estimated to
be normal and digital pulses palpated normally on all 4 feet. A
plaque of oedema was present on the abdomen from ventral
midline extending to his preputial sheath. The oedema was
cold, pitting and nonpainful. Orthopaedic examination did
not reveal any palpable swellings or pain elicited in his neck,
forelimbs or spine. The horse was reluctant to flex the right
hindlimb, and palpation and manipulation of the pelvic region
elicited pain.

Lameness examination revealed a grade 3.5/5 lameness in
the right hindlimb on a hard flat surface (American Association
of Equine Practitioners 1991). Hoof testers were applied and
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did not elicit a response. Flexion tests of the right hindlimb
revealed a moderate to severely positive response to the stifle
flexion, moderately positive response to full limb flexion and a
mildly positive response to distal limb flexion. Flexion tests of the
left hindlimb were negative. Pelvic ultrasound (rectal and
transcutaneous) was performed and did not reveal any
abnormalities in the sacroiliac region, coxofemoral joint, ilium
or ischium. Due to the significant lameness, nuclear
scintigraphy of the spine and hindlimbs was scheduled.

Further evaluation of the ventral abdominal oedema
included complete blood count (CBC) and serum
biochemistry profile. The results revealed a mild
hyperfibrinogenaemia (5.0 g/l: reference interval 1.0–4.0 g/l)
and mild thrombocytopenia (76 × 109/l; reference interval
125–300 × 109/l). Examination of his penis revealed local
inflammation at the distal aspect along with multifocal 1–3 mm
nodules, which according to the owner were unchanged
since the earlier biopsy. Serum protein electrophoresis was
performed and the results were normal. Corynebacterium
pseudotuberculosis serum haemolysin inhibition test was
negative. Transrectal palpation did not reveal any
abnormalities aside from some mild irregularity on the visceral
surface of the spleen. Transabdominal ultrasound was
unremarkable.

Nuclear scintigraphy of the thoracolumbar spine
and hindlimbs revealed severe focal increased
radiopharmaceutical uptake (IRU) within the right proximal
femur between the femoral neck and third trochanter (Fig 1).
There was mild focal IRU within the right calcaneus, specifically
the tuber calcanei, and mild generalised IRU within the
proximal right fourth metatarsal bone. Based upon the results
of scintigraphy, caudocranial radiographic projections of
the right femur and standard views of the right tarsus
were performed. There were no radiographic abnormalities
identified on the right femur, but there was moderate
osteoarthritis of the tarsometatarsal and distal intertarsal joints.
Ultrasound of the proximal femur was performed and revealed
an irregular periosteal surface with an adjacent hypoechoic
region on the lateral aspect of the proximal femur adjacent to
the third trochanter (Fig 2), consistent with reactive periosteum

with possible subperiosteal haemorrhage, oedema and/or
necrosis. There was no evidence of muscle trauma or
haematoma formation in the area.

Treatment/outcome
Based upon the findings of diagnostic imaging a definitive
diagnosis could not be determined, but fracture
(incomplete/nondisplaced) of the femur, or a neoplastic
process was suspected. A bone biopsy was considered;
however, due to the potential risk of catastrophic fracture and
lack of treatment options for either suspected diagnosis, the
owner elected conservative management. The horse was
discharged from the hospital with instructions for strict stall
confinement for 3 months until recheck examination. The horse
was placed on a 2 week course of firocoxib (Equioxx)1

(0.09 mg/kg bwt per os, once daily).
Four weeks following hospital discharge, the horse

became unable to raise his head without pain and
progressively was unable to elevate his neck. During this time
the horse also became more dull and lethargic. The horse
presented to a local veterinary clinic where it was treated with
anti-inflammatory medications for a few days. Based upon his
general condition and lack of response to this treatment, his
owner elected humane euthanasia and a post mortem
examination was performed.

Post mortem examination
Gross necropsy findings revealed moderate ventral
abdominal oedema similar to that observed in the clinical
examination. The musculature in the region of the right
proximal femur was mildly atrophied and contained multifocal
streaks of pallor. Transection of the femur revealed a
proliferative, firm, tan, irregular mass circumferentially
expanding the proximal cortex up to 20 times its normal
thickness. Multifocally, the medullary cavity of the proximal
femoral cortex was effaced by similarly firm and tan masses
(Fig 3a,b). No fractures were observed in the proximal femur.
Gross examination of the spleen, and the superficial and deep
inguinal and medial iliac lymph nodes were within normal

Fig 1: Nuclear scintigraphic images of left (a) and right (b) femora.
Both images are lateral projections and cranial is to the left. Notice
the severe increased radiopharmaceutical uptake in the proximal
femur of the right hindlimb between the femoral neck and third
trochanter.

Fig 2: Ultrasound image (long axis view) of the third trochanter of
the right femur (right image) and the contralateral normal left
femur (left image). The bracket marks indicate irregular periosteum
and the arrow points to a hypoechoic region, which indicates
subperiosteal oedema or haemorrhage. None of these changes
were detected on the left femur. LT = left; RT = right.
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limits. Sagittally transected, the cervical vertebral canal
revealed a focal lytic lesion present in the cranial aspect of the
vertebral body of the fifth cervical vertebra (C5) surrounded
by sclerotic bone (Fig 3c). Fibrocartilage of the intervertebral
disc was focally protruded through the vertebral body
endplate, collapsing into the lytic lesion of C5. No SCC tumour
recurrence was observed on the preputial sheath.

Histopathology of the affected tissues was performed.
Multifocally effacing marrow spaces, infiltrating into adjacent
cortical bone and extending into the periosteum was an
unencapsulated, sparsely cellular neoplasm composed of
nests of polygonal cells widely separated by reactive fibrous
connective tissue (Fig 4). Neoplastic cells rarely formed nests
around central aggregates of lamellated keratin (keratin
pearls). Neoplastic cells were polygonal with variable amounts
of eosinophilic cytoplasm and indistinct cell borders. Nuclei
contained finely stippled and peripheralised chromatin with
distinct, centrally located nucleoli. Eleven mitotic figures were
counted in 10 fields at 400× magnification. The periosteal
surface was expanded by proliferation of reactive bone and
periosteal fibrosis.

Focally effacing the vertebral endplate and underlying
trabecular bone of the fifth cervical vertebra was an
unencapsulated, poorly demarcated, sparsely cellular
neoplasm composed of epithelial cells arranged in islands and
trabeculae surrounded by abundant reactive fibroplasia. The
vertebral end plate was focally disrupted on the cranial
aspect of C5 in an area that measured 9 mm and contained
protruded disk material (Schmorl’s node, Fig 5) that
penetrated up to 12 mm into the vertebral body in an area
disrupted by tumour and osteolysis. The protruded disk material
was surrounded by abundant fibrous tissue with rare islands of
tumour cells. A diagnosis of metastatic squamous cell
carcinoma of the right femur and fifth cervical vertebra was
made with vertebral disc protrusion.

Examination of the muscle in the region of the proximal
femur revealed a focally extensive area in which the skeletal
muscle fibres were replaced by oedema and fibrin with an
abundancy of myxomatous stroma separating the remaining
myocytes. A specific cause of the ventral abdominal and
preputial oedema was not found.

Discussion
This case is unique in that it describes a case of multiple SCC
skeletal metastases from a suspected penile origin affecting
both the axial and appendicular skeletons. While it is relatively
common for penile SCC to metastasise to regional lymph
nodes, distant metastasis in the horse is rare (van den Top et al.
2011). When distant metastasis occurs, it is usually to other soft
tissues within the thorax or abdomen, most notably the lungs,
liver and heart (Cramer et al. 2011). In man, systemic
metastasis to lungs, liver, bone and brain occur late in the
disease process and are also uncommon with only 1–10%
reported in most large case studies (Pow-Sang et al. 2010).
Skeletal metastasis appears to be a very rare location for SCC
in horses, with only a single case report in the literature
(Patterson et al. 1990). The infrequency of reported skeletal

Fig 3: a) Post mortem frontal plane section of the right femur;
proximal is to the top of the image. The thick arrow points to the
greater trochanter of the femur and the thin arrow points to marked
periosteal proliferation. b) Sagittal plane section of the same femur
from Figure a; proximal is to the top of the image. Notice the focally
extensive tan discoloration of the medullary cavity (arrow points to
normal marrow). c) Sagittal section of the fourth and fifth cervical
vertebrae. Cranial is to the left. There is focal loss of bone and
herniation of disc material in the cranial aspect of the fifth cervical
vertebral body with surrounding osteosclerosis (arrow). Squamous
cell carcinoma was confirmed by histopathology at both sites. Bar
= 1 cm.

Fig 4: Histological section from the proximal femur highlighting
nests of neoplastic cells within the marrow cavity and osteoclastic
resorption of bone. Resorption of bone is characterised in this
image by an osteoclast present within a shallow, scalloped
osseous trabecula (arrowhead). Note the mitotic figure (arrow) and
the dyskeratosis (cytoplasmic hypereosinophilia) within the
neoplastic population of squamous cells. Haematoxylin and eosin,
bar = 30 μm.
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SCC metastasis supports the rarity of this neoplasia
metastasising to bone. Although rare, horses with penile SCC
should be evaluated for signs of metastasis especially in those
cases with chronic or undiagnosed lameness or secondary
clinical signs such as dyspnoea.

The apparent lack of lymph node enlargement is
interesting in that this is the most common site of metastasis in
horses (van den Top et al. 2011) and human patients with
penile SCC (Pow-Sang et al. 2010). In this case, where 2 rare
sites of distant metastasis were present, enlarged superficial
inguinal, deep inguinal or medial iliac lymph nodes would be
expected. Although none of these lymph nodes was palpably
enlarged, metastasis could be ruled out based upon
palpation alone (van den Top et al. 2011).

Lymph nodes were not evaluated histologically due to
their grossly normal appearance and this was an oversight of
the investigation. In a large case study of 114 horses with penile
or preputial tumours, 28 had regional lymph node
enlargement with only 9 (32%, 8 SCC) demonstrating
metastasis (van den Top et al. 2011). Enlarged lymph nodes
without metastasis had evidence of regional inflammation
and lymphoid hyperplasia rather than metastatic neoplasia.
Conversely, in 54 horses with apparently normal inguinal lymph
nodes, 5 (9.3%, all SCC) had histological evidence of
metastasis (van den Top et al. 2011). Similarly, in man, up to
58% of patients with penile SCC have enlarged palpable
inguinal lymph nodes. Less than 50% of these enlarged
lymph nodes have histological confirmation of neoplasia.
Additionally, about 20% of cases without palpably enlarged
lymph nodes have histological confirmation of metastatic
disease in the lymph node (Ornellas et al. 1994). In man, distant
metastasis without regional lymph node metastasis is unusual
(Barocas and Chang 2010; Pow-Sang et al. 2010), but has
been reported (Chaux et al. 2011). Therefore, enlarged
inguinal lymph node aspirates should be considered in cases
of SCC, but the decision to aspirate should not be made
merely on lymph node size.

Nuclear scintigraphy of the proximal femur was helpful, but
a definitive diagnosis could not be determined. Nuclear
scintigraphy revealed severe IRU in the proximal femur and
differential diagnoses included fracture, avulsion of the
insertion of the tensor fascia lata or superficial gluteal muscle,
or neoplasia. Radiographs of this area did not reveal any
visible abnormalities. The lack of radiographic findings was not
surprising due to the large amount of superimposition
encountered in this region despite multiple radiographic
projections. The use of ultrasound was more sensitive to
evaluate the region for ligamentous avulsion or irregularities
within the surrounding muscles or periosteal margin, but could
also not definitively provide a cause for this horse’s lameness.

As the horse was not clinically affected in the forelimbs or
neck on initial evaluation, these areas were not assessed by
the nuclear scintigraphy scan. However, the cervical region
would have been likely to demonstrate similar IRU as the right
hindlimb. This may have led to further diagnostic examinations
of the neck including radiography and ultrasound. Since the
neck pain did not present until the owner decided on
euthanasia, this finding was appreciated only on post mortem
examination. The authors advocate that practitioners consider
whole body nuclear scintigraphy scans in cases of suspected
skeletal metastasis. However, in this case, the proximal femur
was not suspected to be a source of lameness until after the
completion of the scintigraphy scan when the images were
analysed. If there is severe IRU noticed during the scan, further
regions could be imaged before the isotope is completely
excreted.

Further diagnostic tests to evaluate the area of IRU could
have included a bone biopsy. Since a fracture could not be
ruled out, biopsy of the femur was considered, but not
performed due to potential propagation of a fracture. The
authors are unaware of any specific reports describing
pathological fracture following bone biopsy in horses, but this
complication has been described in man (Gladden and Spill
2011). However, with both presumed diagnoses potentially
compromising bone integrity of the femur, the authors were
concerned that fracture propagation was possible following
the bone biopsy. Considering the risks for determining a
definitive diagnosis at that time, the owner elected
conservative management.

A definitive cause of the ventral abdominal and preputial
oedema was not determined from clinicopathological or post
mortem examinations. It is possible that the SCC neoplasm in
the femur led to local venous congestion and oedema
formation. With gravity dependence, this oedema would
have localised to the ventral abdomen and prepuce. This
hypothesis could be supported if the oedema began caudally
near the right hindlimb; however, the owner noticed both
locations of oedema simultaneously and both sites were
symmetrically affected at that time. Moreover, if local
recurrence of SCC was observed on the penis or preputial
sheath, this pattern of oedema could be explained, but the
authors did not observe local recurrence of the neoplasm.

This report demonstrates the history, presentation,
diagnostic methods and clinical outcome in a horse with
multiple skeletal metastases following SCC of the penis. In
man, radiographs or computed tomography of the thorax
and/or abdomen are typically performed to screen for distant
metastasis prior to tumour staging (Barocas and Chang 2010)
and may be considered in equine patients. Lymph node
aspiration and metastatic imaging have been included in a

Fig 5: Schmorl’s node with underlying metastatic neoplastic cells
and osteolysis. Fibrocartilaginous disc material (*) is focally
herniated through the vertebral endplate of the cranial aspect of
the 5th cervical vertebra. The trabecular osseous framework is
replaced by neoplastic cells accompanied by fibroplasia (arrow)
in the areas underlying the herniated disc material. Haematoxylin
and eosin, bar = 2 mm.
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proposed tumour staging system for SCC in horses (van den
Top et al. 2011). While skeletal metastasis is rare, it should be
considered in cases of undiagnosed lameness in horses.
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Clinical Commentary

The likelihood of metastases in equidae
M. A. Smith
Image Equine, Newmarket, UK.
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The case report by Nelson et al. (2015) of multiple skeletal
metastases from a penile squamous cell carcinoma in a horse
describes diagnosis confirmed at post mortem examination of
metastases located in 2 remote sites within the skeleton, one
being within the proximal femur and the second being within
the fifth cervical vertebral body following a history 3 years
previously of a primary squamous cell carcinoma of the penis.

Squamous cell carcinoma (SCC) is the most common
tumour of the external genitalia in equines with incidences of
49–82.5% being quoted in the literature (Brinsko 1998; van den
Top et al. 2008; van den Top et al. 2014) and is also the most
common tumour of the eye and adnexa (Lavach and Severin
1977). Of 49 horses with SCC of the eye, adnexa or orbit, the
tumour was locally invasive or metastatic in 5 (10.2%) (Lavach
and Severin 1977) and of 82 horses with penile SCC, 7 (8.5%)
had regional lymph node metastasis (van den Top et al.
2008), whilst in a larger series of 114 horses, 28 had regional
lymphadenopathy, 9 (32%) of which were confirmed
metastases on histopathology. Diagnosis of neoplasia is
increasingly common in our ageing equine population but
there is a paucity of reports in the literature citing percentage
likelihood of occurrence of metastasis of other equine tumours.
Given our knowledge of the behaviour of SCC in the horse, we
can potentially use these cases as an initial model for best
practice when considering investigation and treatment of
other tumours in equines.

In the case report by Nelson et al. (2015), advanced
diagnostic imaging was extremely helpful in identifying the
location of the first identified remote lesion, with nuclear
scintigraphy being themost appropriate modality to screen for
potential causes of the unresolved hindlimb lameness. The
authors comment that a full body bone scan would likely have
identified the second remote lesion within the fifth cervical
vertebra ahead of the development of clinical signs of neck
pain and lethargy. A scintigraphic study of the thoracic spine,
pelvis and hindlimbs only, was performed in this case because
the horse presented with clear hindlimb lameness. There is a
significant difference in cost as well as in radiation exposure to
personnel between performing the shorter scintigraphic study
of the back, pelvis and hindlimbs vs. performing a full body
bone scan, and performance of whole body scintigraphic
studies routinely is therefore not justifiable in equine veterinary
medicine. However, full body scintigraphic screening may be
more justifiable during examination of cases in which there is a
known history of or gross evidence of neoplasia and
particularly in cases where potential for future metastases had
previously been identified at the time of an initial debulking
surgery.

When considering the imaging appearance of pathology,
disease processes alter tissue absorption properties and, in
general terms, changes seen on conventional radiographic
or CT images are either additive or destructive. Additive

pathologies cause increased density (opacity) and most
nonmalignant pathologies fall into this category, such as
oedema, effusion and abscess formation. Malignant diseases
tend to cause both additive and destructive changes, for
example osteolytic processes appear destructive whilst large
fluid-filled masses appear additive. Necrotic areas within
tumours generally appear destructive on images from all
modalities. The nature of the femoral lesion was not
considered clear on radiographs taken at the time; however,
had a destructive pathology been visible on radiographs
taken following scintigraphy this appearance could have
provided sufficient guidance to recommend euthanasia.
Ultrasonography did identify osseous pathology overlying the
lateral aspect of the proximal femur and a decision was made
not to risk performing a bone biopsy of this region, given the
significantly abnormal scintigraphic appearance of the
proximal femur and likely compromise of this bone. Needle
aspiration cytology was performed in a humeral lesion
detailed in a case report of occult metastatic intestinal
adenocarcinoma and proved informative and this could have
been a safer alternative option to consider, using ultrasound
guidance, for further antemortem diagnosis in the current
case (Jann et al. 2009). Based on the extent of the gross
lesions identified at post mortem one month later, it is quite
likely that the lesion within the cervical vertebra would have
been radiographically apparent as a destructive lesion
antemortem. Post mortem radiography of the neck may have
provided additional information on the appearance of this
lesion for future cross-reference.

Oncologists define the process of metastasis as the spread
of cancer beyond the primary site. Metastases can be local or
remote. One feature that is interesting about this case is the
time frame of approximately 3 years which elapsed between
surgical excision of the primary tumour and the development
of clinical signs related to the metastases. Squamous cell
carcinomas are often relatively rapidly growing clinically and
this long time frame seems surprising. It is interesting that in spite
of the time frame and the severity of the gross lesions found,
the appearance at post mortem examination of the chain of
lymph nodes from the local inguinal to the more regional
medial iliac nodes was reported as grossly normal. The authors
do not comment on the appearance of the lungs, heart or
liver at post mortem examination and an assumption is made
that these more common sites for metastases following SCC
were grossly normal. The authors rightly note that it would have
been informative to perform histopathology on regional and
remote lymph nodes during post mortem examination
regardless, as a significant percentage of grossly unaffected
lymph nodes are in fact histologically abnormal (van den Top
et al. 2011). Human patients diagnosed with prostate cancer
with pelvic lymph node metastases are more likely to develop
distant metastases than those with lymph nodes negative for
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tumour. The principal prognostic factors in men with
carcinoma of the penis are the extent of the primary lesion
and status of the lymph nodes. Tumour-free regional nodes
imply an excellent long-term disease free survival rate of
85–90% (DeKernion 1973; Vogelzang et al. 2000) whilst only
40–50% of patients with regional involvement of the inguinal
lymph nodes survive long term. Less than 20% of patients with
pelvic lymph node involvement survive. In man, carcinoma
involving the urethra also has implications regarding
metastasis, for example distal urethral lesions are associated
with similar prognoses as for distal penile carcinomas, whilst
lesions involving themore proximal bulbo-membranous portion
of the urethra carry a poor prognosis. Where regional lymph
node involvement is identified in human patients with penile
and/or urethral carcinoma, radical lymphadenectomy is
performed. Elective radiation therapy is offered to patients
with primary tumours graded as more advanced than stage 1
as these patients are considered at risk of metastasis even in
the face of currently clinically normal regional lymph nodes on
histopathology.

As our knowledge progresses, prediction of likelihood of
metastasis is an important part of providing guidance to
equine owners regarding long-term prognosis during the
planning and execution of any treatment for neoplasia. A
recent retrospective study examined tumour grade, presence
of papilloma virus DNA in stored histopathology samples and
expression of viral genes or proteins in these stored tissues in
cases of equine SCC of the penis or prepuce, with an aim of
identifying predictors for likelihood of metastasis (van den Top
et al. 2014). Tumour grading has previously been shown
to provide predictive information with regard to nodal
metastasis (van den Top et al. 2008) and this more recent
retrospective study by the same group found that of 19 horses
in which lymph nodes were examined with histopathology
perioperatively, 13 lymph nodes contained metastases with 12
of these cases having had a primary tumour graded as
subtype 3 using the authors classification scheme (van den Top
et al. 2014). Veterinary histopathologists are increasingly
adopting the human grading system of tumours based on their
degree or lack of differentiation.

In light of this information and information presented in this
current case report by Nelson et al. (2015), equine surgeons
may plan to consider beyond performing the gross penile
and/or preputial resection procedure itself in future cases of
SCC of the penis and/or prepuce. Clinicians could consider
ascertaining the grade of the tumour, potentially prior to the
primary surgery, via biopsy, in order to consider any need for
more extensive surgery. The level and extent of involvement of
the urethra as well as penile tissue should be ascertained by
histopathology performed on the resected tissue post surgery.
Rectal examination in order to palate for enlarged deeper
lymph nodes prior to surgery on these cases is routine practice
in many equine hospitals and thoracic radiographs are also
often taken but consideration could be given to biopsy, or
even lymphadenectomy, of the regional superficial inguinal

lymph node(s) during any surgical procedure performed on
the penis or prepuce under general anaesthesia, irrespective
of a grossly normal palpable appearance of these lymph
nodes and to perform histopathology on this nodal tissue in
order to better inform owners of the risks of potential future
metastasis. The clinically normal sized equine superficial
inguinal lymph node is not always readily palpable, particularly
in overweight horses or in animals with preputial oedema. The
superficial inguinal lymph node is generally located within
the medial aspect of the proximal thigh region, close to the
femoral vessels, within a triangle bounded by the inguinal
ligament (base of the inguinal canal), the sartorius and gracilis
muscles. Ultrasonography may be helpful in identifying the
location of these lymph nodes during surgery. The pelvic lymph
nodes are not surgically accessible. An excellent therapeutic
algorithm to aid with decision making during evaluation of
cases of SCC in the horse is detailed in the literature (van den
Top et al. 2011).

Development of an equine database recording primary
tumour types identified and further graded with
histopathology and presence or not of metastases at post
mortem examination may provide clinicians with further
guidance as to the prevalence of metastases and their most
typical locations for given tumour types for future reference.
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Summary
Temporomandibular joint (TMJ) pathology is a rarely reported
cause of decreased performance among equine athletes or at
least seldom recognised. This case report describes the
work-up of a high level dressage horse with decreased
performance. Temporomandibular joint pathology was
suspected based on computed tomography (CT) and the
horse responded very well to joint treatment.

Introduction
Lameness and poor performance are common issues for
which horse owners seek veterinary attention. Equine
veterinarians are increasingly asked to investigate subtle riding
issues and obscure lameness reported by the rider to affect the
horse’s performance, but these may not be easy to detect in
classical orthopaedic investigations. Clinical experience of the
authors deem that with increasing frequency, owners present
horses with the firm conviction that temporomandibular joint
(TMJ) disease is related to performance issues in their sport
horse.

Unfortunately, little is known about TMJ disease in horses
and it is often very difficult to detect and differentiate TMJ
problems from other diseases as the symptomatology is not
well described in the horse. Clinical signs are unspecific and
have been reported to include headshaking, bitting problems,
local swelling, decreased range of motion of the mandible,
change in head carriage, quidding, masticatory problems
and localised pain (Warmerdam et al. 1997; Weller et al.
1999a; May et al. 2001; Moll andMay 2002; Carmalt andWilson
2005; Devine et al. 2005). In human patients the clinical
manifestation of TMJ disorders include abnormal joint sounds,
joint tenderness on palpation, myofacial pain associated with
mouth opening, restricted range of motion, somatisation and
depression symptoms (Celic et al. 2004; Schmitter et al. 2004;
John et al. 2005; Manfredini et al. 2012). Dogs with clinical signs
of TMJ osteoarthritis (OA) show pain on opening and closing
the mouth and decreased range of motion in the joint.
However, many canine patients diagnosed with TMJ OA by
computed tomography (CT) do not exhibit any of these
clinical signs (Arzi et al. 2013).

This case report describes a performance horse with an
obscure riding problem which was shown to be related to a
TMJ disease process.

Case history
An 11-year-old Danish Warmblood gelding was presented to
the Large Animal Hospital, University of Copenhagen,

Denmark, for evaluation of decreased performance. The
horse performed at a high level of dressage and during the last
3 months its professional rider had experienced difficulties in
transitions, particularly in flying changes (at canter on the right
rein) and had a general complaint about the horse being
heavy and less willing to work on the right rein. Different bits
were tried without any effect. Furthermore, it was observed
that the horse often yawned when seeing the bridle. The horse
received regular dental work. Temporomandibular joint
disease had previously been mentioned to the owner by her
advisors as a potential cause of decreased performance, but
no clear indication of TMJ disease or work-up was reported in
the history.

Clinical examination
A complete lameness work-up revealed that the horse’s
conformation was relatively straight on both front limbs (left
front limb more pronounced than right front), with a broken
back toe axis. The horse was shod with bar shoes with
small heel wedges. Flexion tests of both front limbs were
negative.

The horse was ridden in circles on soft and hard ground.
During warm-up exercise, a reduced cranial phase of the
stride, noted as a grade 1/5 lameness, of the left front limb was
seen. This low grade lameness reduced in intensity as the horse
warmed-up. The left front limb lameness was not detectable
on the circle on a hard surface, but was obvious on the circle
on soft ground on the right rein. The horse showed tense head
carriage on the right rein, working against the rider’s hand.
Furthermore, the horse showed poor engagement relative to
its educational level and it made mistakes in the flying
changes. The horse was ridden by its usual rider and seen at
different times during warm-up and full exercise. The horse
resented saddling and palpation of the girth area.

During static examination, head symmetry and carriage
were normal. The horse resented palpation of the TMJ area on
both sides and was also reluctant for other sites on the head to
be examined. A full dental examination was performed and a
slightly decreased latero-lateral excursion of the mandible
relative to the maxilla in right-to-left movement, compared
with left-to-right, was noted. Intraoral inspection revealed small
enemal points lingually on the 300/400 rows and small
overgrowths caudally on 311/411. No further abnormal
findings were noted.

Although clinical examination revealed the horse to be
lame on the left front limb without clear clinical indication of
TMJ disease, further investigation of the TMJ including a
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standing CT scan of the head was performed at the owner’s
request.

Computed tomography findings
Standing CT was performed at Helsingborg Regional Animal
Hospital using a Philips Brilliance Big Bore 16 slice CT scanner1

with platform and stocks designed by Solving2 and
Helsingborg Regional Animal Hospital. A helical scan was
performed with a slice thickness of 0.8 mm per slice, 140 kV
and 340 mAs. The rotation time was 0.5 s with a platform speed
of 1.6 mm/s. The horse was sedated with acepromazine
(Plegicil Vet)3 (0.01 mg/kg bwt), detomidine (Domosedan)4

(0.01 mg/kg bwt) and butorphanol (Torbugesic Vet)4

(0.015 mg/kg bwt) intravenously (i.v.). Computed tomography
examination revealed bilateral subchondral sclerosis and
irregularity of the mandibular condyles at the TMJs. These
findings were slightly worse on the left. Furthermore, a small
subchondral cyst-like lesion was detected on the left
mandibular condyle (Fig 1). Mild periarticular osteophyte
production on the medial aspect of both TMJs was noted and
the joint space was decreased bilaterally. There was bilateral,
mild proliferation at the temporohyoid joints.

Further diagnostics
Following CT scan, the horse was re-evaluated ridden and a
low grade left front limb lameness was still evident, as well as
the lack of correct engagement, poor flying changes and
tense head carriage on the right rein. Considering the imaging
findings, 10 ml mepivacaine hydrochloride (Carbocain 2%)5

was injected into the dorsal synovial pouch of the left
temporomandibular joint, as previously described by
Rosenstein et al. 2001 (Fig 2).

The horse was ridden again 10 min after the injection. There
was a substantial improvement in the performance of the
horse to both rider and clinicians; the head carriage on the

right rein became less tense, the horse engaged better and
the flying changes were correct.

Despite the improved performance, the horse still showed
lameness in the left forelimb which at this time also was
recognised by the rider/owner. The lameness did not improve
following an abaxial sesamoidean nerve block but
improvement was seen after a subcarpal high 4 point block.
However, after the positive block of the left front limb, a similar
lameness was detected in the right forelimb. Due to the
conformation of the horse, bilateral suspensory ligament strain
was suspected. Ultrasonography of the suspensory ligaments
and flexor tendons was performed in both front limbs but no
abnormalities were found. No further diagnostics were
performed.

Treatment
The day after analgesia, the dorsal synovial pouch of the left
TMJ was treated with 18 mg triamcinolone acetonide
(Kenalog)6 and 51 mg sodium hyaluronate (HiFifty)7 due to the
CT findings and a suspected associated synovitis. The initial
treatment of the front limb lameness was done using
corrective farriery, by shortening both front limb toes and
making the breakover point further back in the hooves to
create a better anterior–posterior balance. The use of wedges
was abandoned to reduce stress on the suspensory ligaments.
The horse was maintained in light work and no anti-
inflammatory or other drugs provided.

Follow-up
Ten days following TMJ treatment the rider reported, that the
horse was performing well and the initial complaint had
disappeared. Three months later the rider informed that the
horse was continuing to performmuch better, not being heavy
on the right rein, collecting better and was more relaxed at
events. Furthermore, the horse had stopped yawning and

a) b)
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Fig 1: Sagittal CT image at the level of the TMJs to compare a) normal image and b) this case showing a small subcondral cyst-like lesion
in the left mandibular condyle.
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resenting girth area palpation. No signs of lameness were
evident. At one year follow-up, the rider reported that the
horse was still performing very well. Competition results
retrieved that from the Danish Riding Association’s web page
indicates the horse is performing at a higher level with better
scores after treatment compared with before when evaluated
subjectively.

Discussion
The TMJ is a complex diarthrodial joint between the caput of
the condylar process of the mandible and the base of the
zygomatic process of the temporal bone. The incongruence of
the 2 articular surfaces is compensated by an articular
biconcave fibrocartilage disc (meniscus). The joint is
supported by a lateral and a caudal ligament (Rodriguez et al.
2006). The TMJ consists of 2 compartments, the dorsal and
ventral, the latter divided into a rostral and caudal pouch.
The caudal pouch is very close to the temporohyoid
articulation of which the clinical relevance is unknown
(Rosenstein et al. 2001; Rodriguez et al. 2006, 2007). The dorsal
and ventral compartments do not appear to communicate
(May et al. 2001; Rodriguez et al. 2006), although one previous
cadaver study showed communication (Rosenstein et al.
2001). The parotid salivary gland is in close proximity to the joint
and may overlie the caudal part of the joint (May et al. 2001;
Rosenstein et al. 2001). Furthermore, many vascular and neural
structures are in very close proximity to the TMJ (Rodriguez
et al. 2006). The anatomy of the TMJ has been previously
investigated using ultrasonography (Weller et al. 1999b;
Rodriguez et al. 2007), arthroscopy (May et al. 2001; Weller
et al. 2002), CT (Rodriguez et al. 2008) and MRI (Rodriguez
et al. 2010).

Different disease processes of the equine TMJ have been
previously described in the literature, predominantly with
traumatic causes such as septic arthritis (Warmerdam et al.
1997; Weller et al. 1999a; Carmalt and Wilson 2005; Nagy and
Simhofer 2006; Barnett et al. 2014), fractures and luxations
(Devine et al. 2005). Neoplasia with a squamous cell
carcinoma invading a TMJ in a horse has been reported

(Perrier et al. 2010). Dental disease as a result of incisor
abnormalities and excessive use of mouth gags have been
speculated to be associated with OA of the TMJ (May 1996;
Wintzer 1997; Baker 2002).

In the investigation of TMJ disease, MRI and CT are
probably the gold standard (Warmerdam et al. 1997), but not
always the first choice, as these procedures require expensive
equipment and in many cases general anaesthesia of the
horse. Standing head CT scanning is becoming more readily
available and affordable in equine clinics worldwide.
Radiographic evaluation of the TMJ is possible, but due to the
superimposition of adjacent osseous structures, the best
diagnostic images are obtained with technically challenging
oblique and tangential projections (Ebling et al. 2009;
Townsend et al. 2009). Using ultrasonography, longitudinal
images of the TMJ from rostral, lateral and caudal approaches
can be obtained to evaluate the joint (Rodriguez et al. 2007).
In diagnosing TMJ disease, scintigraphy is of little help as it only
determines the location of a problem (with increased
bone/cellular turnover), but gives no information on the
disease process (Weller et al. 1999a).

Reports on cases of equine TMJ disorders are uncommon
(Carmalt 2014), but this may only relate to the difficulties in
diagnosing disease, rather than a true low prevalence of TMJ
disorders. In the present case, it would have been very easy to
simply attribute the performance problems to the left front
lameness as veterinary training is largely centred around the
recognition of lameness, particularly in performance problems
in horses. In this case, further investigation was performed at
the owner’s insistence and this allowed detection of a TMJ
disorder. So how many of these do we overlook in our daily
clinical work? The answer is of course unknown and the
authors wish to draw attention towards TMJ pathology as a
possible cause of reduced performance in equine athletes.

Studies on the biomechanical relationship between TMJ,
mastication and dental health are lacking (Ramzan 2006;
Carmalt 2007) and the exact reasons why horses develop TMJ
OA still remain unclear. Nevertheless, dental abnormalities
such as overgrowths, hooks and ramps have been
incriminated as a cause of TMJ OA, but may also be the result

Fig 2: Injection site for TMJ
arthrocentesis.
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of TMJ disease (Baker 2002). An equine study showed that
dental floating increases the range of motion of the TMJ in the
rostrocaudal direction, but no specific dental abnormalities
were correlated to this increased TMJ mobility (Carmalt et al.
2003). Dental pathology has been shown not to affect the
proinflammatory cytokine profile of TMJs of horses, thereby
suggesting that dental irregularities do not result in TMJ OA
(Carmalt et al. 2006). An increased frequency of TMJ disease
has been seen in human patients who require orthognathic
surgery (Abrahamsson et al. 2009). Malocclusions in human
patients can be a contributing factor to TMJ disease
(Henrikson and Nilner 2003), but in our equine population this
still has to be confirmed. Considering the potential relationship
between dental and TMJ pathology, a full oral examination
with correction of all dental imbalances and abnormalities in
horses with TMJ disorders is still recommended (Baker 2002).

It is documented that bit-induced pain can cause the
same signs as TMJ disease (Cook 1999) and often a high level
dressage horse, such as the horse in the present report, carries
a heavy bit. Considering the owner reported having tried
different bits already and since blocking the TMJ was positive
and pathology was seen on CT scan, the authors are
convinced that this horse did indeed suffer from TMJ disease.
However, whether a heavy bit can induce TMJ disease is
unknown.

In a recent study, the inflammatory response after LPS
injection in equine TMJs and metacarpophalangeal joints
were compared. All injected joints showed clinical signs of
inflammation, horses were lame in the injected limbs, but all
horses continued eating independently of TMJ inflammation
(Carmalt et al. 2011), suggesting that more pathology may be
needed before signs occur, or that signs only occur under
particular conditions, e.g. riding. Faster attenuation of the
inflammatory response (cytokines) was seen in the TMJs
compared to the metacarpophalangeal joints, suggesting the
response in TMJs to inflammationmight be somewhat different,
from that seen in other joints (Carmalt et al. 2011). This might
also be the reason why the horse in this report responded to
just one joint treatment. Trends show that the proinflammatory
cytokine profiles of equine TMJs change with age (Carmalt
et al. 2006). In dogs and cats no relationship was seen
between age and presence or severity of TMJ OA on CT scan
(Arzi et al. 2013). In mice a relationship between initial stages of
TMJ OA and increased activity of metalloproteinases in the
articular cartilage of the mandibular condyles has been
previously described (Gepstein et al. 2003), as well as in
synovial fluid aspirates from human TMJ osteoarthritic patients
(Kanyama et al. 2000) and in sheep TMJ synovial fluid in an
experimental model (Miyamoto et al. 2002). Obviously, further
research is needed to determine how age and inflammation
affect the TMJ of the horse.

In the present case, bilateral changes were seen on CT
(worst in the left TMJ). In dogs TMJ OA is often seen bilaterally
on CT scan and in many of the canine patients these changes
do not result in clinical signs (Arzi et al. 2013). As in any other
joint, the clinical relevance of diagnostic imaging findings in
TMJs should be confirmed with diagnostic analgesia. As
evaluation of most diagnostic analgesic tests in clinical work is
subjective, the risk of a placebo effect exists. Placebo effects
have been shown in both caregivers and veterinarians in
studies evaluating osteoarthritic dogs’ response to treatment
(Innes et al. 2003; Conzemius and Evans 2012). Therefore, the
risk of a rider and veterinarian placebo effect cannot be fully

rejected. Nevertheless, professional riders are generally very
critical about the performance of their horses. It appears to
the authors that the treatment had a beneficial effect since
the horse and rider definitively responded positively to the
diagnostic block and treatment. The owner now reports the
absence of symptoms and that the competition results of the
horse have improved considerably.

To the best of our knowledge, no studies have been
performed evaluating the best joint treatment for equine TMJ
OA. Triamcinolone and hyaluronic acid were chosen as these
are well recognised treatment choices for OA in equine high
motion joints (Ferris et al. 2011). In sheep with induced OA of
the TMJ, hyaluronic acid joint treatments minimised the extent
of OA changes significantly compared to controls (Neo et al.
1997). Furthermore, hyaluronic acid is used in human TMJ
patients (Manfredini et al. 2010). Other intra-articular
treatment options could have been other corticosteroids
(methylprednisolone or betamethasone esters), polysulphated
glycosaminoglycans and ACS (autologue conditioned serum).
Furthermore, systemic treatment with NSAIDs could be added
to the treatment regime. In man it seems less common to use
intra-articular medications. Treatment regimes range from
exercises, medication and splints to arthrocentesis,
arthroscopy and, more drastically, discectomy and joint
replacements (Ingawale and Goswami 2009; Reid and
Greene 2013).

In conclusion, this case emphasises the importance of
investigating whether TMJ disease is responsible for a reduction
in the performance of equine athletes. More prevalent
problems such as lameness should always be investigated first.
In our experience, a very sensitive rider is required to detect
the tiny changes in performance and behaviour and,
furthermore, CT scanning and diagnostic analgesia are
necessary to diagnose subtle changes of the TMJs, which in
this case caused a reduced performance in a high level
dressage horse. Further studies in TMJ symptomatology,
pathogenesis and outcome of treatment are needed.
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Clinical Commentary

Equine temporomandibular joint (TMJ) disease: Professional polarity
and caregiver bias
J. L. Carmalt
Department of Large Animal Clinical Sciences, Western College of Veterinary Medicine, University of
Saskatchewan, Saskatoon, Canada.
Corresponding author email: james.carmalt@usask.ca

The paper by Jørgensen et al. (2015) in this issue is intriguing
and raises a number of questions. The authors describe the
case of a horse that was not performing as expected. There
was lameness detected upon clinical examination and yet, at
the owner’s insistence, intra-articular analgesia of the left
temporomandibular joint (TMJ) was performed. Further
examination under saddle resulted in a significant, albeit
subjective, improvement in the movement of the horse.
Lameness diagnosis resulted in localisation of the pain to the
proximal suspensory ligament region. Diagnostic ultrasound of
the suspensory ligaments and flexor tendons was performed
and deemed to be within normal limits. Treatment of the
lameness consisted of corrective farriery while the supposed
TMJ inflammation (pain) was treated by intra-articular steroid
injection.

This author commends Jørgensen et al. (2015) for
publishing this report for several reasons. Firstly, they were
willing to listen and act upon the concerns of the owner to the
point that, to their surprise, a positive improvement was made
following analgesia of the joint. This author is an inherent
sceptic and as such he would probably have approached the
post analgesia examination with negative bias; not so the
authors of the manuscript. Further, they went on and
performed a computed tomographic examination of the
head to further characterise the pathology (if any) of the TMJs.
An abnormality was detected and only upon receipt of this
information did they medicate the offending joint. The final
diagnosis was made upon the basis of a logical diagnostic
work-up and the use of advanced imaging techniques which
is laudable; a process that is all too often neglected in the
diagnostic work-up of suspected disease of this joint (Carmalt
2014).

The problem, which Jørgensen et al. (2015) correctly
address, is that the decision-making process throughout the
case was entirely subjective and hinged on unavoidable
caregiver bias. The results of the intra-articular block were
determined based on a riding examination by the very person
that requested the diagnostic technique. As equine clinicians,
the determination of lameness is often a subjective matter
based on opinion and experience. We have all had to fight
the feelings of bias when a particularly difficult client, horse (or
both) present for examination and we hope beyond measure
that the nerve block, performed at mortal risk to ourselves,
works. In the situation described by Jørgensen et al. (2015), a
horse was presented by a client who had a deep seated belief
that the problem was in the TMJ. Imaging was performed, an
abnormality detected and analgesia of the joint was then
performed. Post analgesia, that same client rode the horse in
front of the veterinarians (who had seen the CT images and

performed the diagnostic analgesia) and both parties
determined that the performance of the horse had
significantly improved. Denoix et al. (2003) illustrated this effect
in a paper describing the use of using biphosphonates for the
treatment of navicular disease in sport horses. He found
significant caregiver bias in the control group in which 40% of
owners in the sham-treated population initially believed their
horses to have improved following treatment. This number
dropped in the subsequent months in a manner typical of bias.
This author does not doubt that there may have been a
problem in this joint, or surrounding region and probably would
not have followed the diagnostic procedures in a different
fashion and yet the ultimate diagnosis is questionable.

In the opinion of the author, our profession is extremely
polarised in their opinions on diseases of the TMJ. There are
those that dismiss the possibility outright, those that believe
that it may occur, but consider that the effects and
prevalence of disease may be extremely limited and finally,
others that feel that a significant number of horses have
disease (or abnormalities) of this joint and are treating
relatively indiscriminately. One only has to perform a quick
internet search to find equine veterinary practices advertising
the treatment of this condition, some even going as far as to
say that it can be treated in a single injection.

The overwhelming problem concerning this enigmatic joint
at present is the lack of scientific evidence for anything other
than sepsis. Why? Given that this is an appendicular skeletal
joint, one should see degeneration just as readily as with other
similar joints. The problem is that there may not be other similar
joints. The TMJ is unique and as such may not follow a
recognised pattern of degeneration. This author routinely
palpates the region surrounding the TMJs in every horse as part
of his complete oral examination. So far, not a single horse has
exhibited avoidance behaviour. This is concerning. Either the
examination is not being performed properly, the test is not
sensitive for the disease or the prevalence of disease is low. The
diagnostic conundrum is what does one do if a positive is
found? What does it mean? So far, the only evidence upon
which to base action is a paper describing several cases of
avoidance behaviour which were ameliorated by correcting
incisor malocclusions (May 1996). Incisor malocclusions are,
however, relatively common, whereas supposed pain on
palpation of the periarticular region is not.

The author does not perform diagnostic imaging of the
TMJs of these ‘nonresponding’ horses and it may be that
disease is present and remains undiagnosed. However, in the
report by Jørgensen et al. (2015), advanced imaging
techniques were used and a morphological abnormality
within the suspected joint was found. Once again, however,
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having recently examined a large number of computed
tomographic studies of the equine head, the abnormalities
described in the current case report are present in
approximately 30% of all horses. The problem is how to
correlate the presence of an imaged abnormality with a
clinical problem in the face of a lack of corroborating scientific
evidence. All the horses in the current authors’ study were
selected to be ‘normal’ (i.e. without clinical signs attributable
to temporomandibular joint disease) and it is unknown
whether these horses were high performing sport horses. In
addition to that, it is logical to assume that horses, like man, will
experience pain and manifest the response to that stimulus in
different ways. Perhaps in the horse presented in the
accompanying case report, the reported abnormality was
sufficient to create the problems detected by the client.

Finally, if indeed the findings of the diagnostic testing
indicated the presence of degenerative TMJ disease, why did
a single injection of intra-articular medication work?
Degenerative lesions of other appendicular skeletal joints
typically require repeated, intermittent medication. Given that
in human medicine, intra-articular disease of the TMJ is only
one cause of temporomandibular disorders (Durham and
Wassell 2011), it is possible that the diagnosis in this case was
incorrect and that diffusion of the medication resulted in local
anti-inflammatory effects. Perhaps the ‘pain’ or altered
kinematics of the horse detected by the rider was a function of
the lameness and compensatory actions by the horse causing
myofacial pain in the region of the TMJ. Another option is that
the diagnosis of an intra-articular pathology was correct but
that the joint responds differently to treatment or, finally, that
the long-term follow-up is currently unavailable and the horse
would have required repeated injections over time.

If nothing else, this case report is extremely interesting and
stimulates discussion. It is important to remember that the
authors followed a strict, professional diagnostic work-up and
did not simply ‘lay-on-hands’ to come to their diagnosis.
Intra-articular steroid administration into the TMJs has the
potential to reduce inflammation extra-articularly in a region
that is heavily innervated and has high (atlanto-axial) and low
(temporohyoid) motion joints. Indiscriminate treatment into
these joints has the potential to inflate the significance of
pathology in this region and take us from a very low reported
prevalence to a very high prevalence in a short period of time.
On the other hand, perhaps the authors have uncovered a
significant cause of poor or under-performance in the sport
horse which so far has been unreported.
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Pseudo-polydactyly in a horse
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Summary
A 14-month-old half-breed horse showed a severe lameness
due to a lesion of the right forefoot which appeared
completely and asymmetrically cleaved, from the solar
margin to the coronary band. The horse was presented to an
abattoir for slaughter and both forelimbs were collected for
diagnostic investigations. The hoof lesion described herein
does not fulfil the diagnostic criteria of equine polydactyly
since post mortem imaging and pathological investigations
ruled out the presence of supernumerary digits. Based on the
clinical signs, diagnostic imaging (computed tomography)
and gross examination, a diagnosis of pseudo-polydactyly
was proposed. To the best of our knowledge, the features of the
present case report are unique, thus widening the range of
lesions observed at the level of the hoof, which is crucial for
horse health and activity.

Case history
A 14-month-old half-breed horse was referred to the Veterinary
University of Teramo (Italy) for severe lameness apparently
caused by a malformation of the right forelimb. The horse was
at pasture with his mother until 12 months old and was then
confined in a stable until clinical evaluation, 2 months later. At
that time, the owner reported a ‘hoof crack’ that was
observed a few days after birth.

Clinical and post mortem findings
The subject under investigation showed an excellent body
condition although the right forefoot appeared completely

and asymmetrically cleaved from the solar margin to
the coronary band. A severe lateral deviation of the digit
was evident. The same digit was also externally rotated
showing a toe-out conformation (Fig 1). A grade 4 lameness
(AAEP scoring; Baxter and Stashak 2011) was observed.
The lameness was severe at walk and at trot in a straight
line, with a shortened stride and a clear lateral deviation
of the digit during the stance phase. The low 4-point
palmar block led to a visible improvement of the lameness.
The horse was slaughtered and the distal part of both forelimbs
collected for diagnostic imaging and pathological
investigations.

A computed tomography (CT) study of both forelimbs
was performed using a CT scanner (Philips MX 16-slices)1.
The sequences were acquired by spiral technique
with overlapping, with 1 mm thickness, 1 mm of gap, 120 Kv
and 130 mAs. Bi-dimensional (2D) and 3-dimensional (3D)
rendering were acquired using open source software (VolView
3.4)2.

Computed tomography study of the right distal forelimb
did not demonstrate the presence of any supernumerary
bone. In detail, the metacarpal bones appeared normal,
while the proximal (PP), middle (MP) and distal (DP)
phalanges were changed, deviated and axially rotated.
Planar and 3D rendering showed a severe reduction of the
DP size, internal rotation of the MP and bone remodelling
with exostoses which was more prominent on the MP and DP
(Figs 2 and 3). Computed tomography examination of
the distal left forelimb revealed no apparent abnormalities.
The morphology and topography of the bones, as well as the

a) b)

Fig 1: Right forelimb. The distal part is
laterally deviated and the hoof
apparently cloven into two
asymmetric portions. The lateral
portion is smaller and shows a
traumatic injury of the toe. At
inspection and palpation, the
lateral part of the hoof was mobile
and likely devoid of a skeletal
structure (a). Both hoof portions
were completely covered by a
continuous layer of horn and
separated by a clearly evident
interdigital space (b).
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main digital blood vessels and nerves of both forelimbs,
were also grossly evaluated with no apparent anomaly
detected.

Diagnosis
On the basis of clinical signs, diagnostic imaging study and
gross examination, a diagnosis of pseudo-polydactyly was
proposed.

Discussion
‘True’ polydactyly is a localised developmental disturbance of
limbs which consists of an increased number of digits.
Polydactyly has been described in man, as well as in many
animal species (Palmer 1993). In man, polydactyly is common
and can occur as a simple, isolated malformation or as part
of a pleiotropic developmental anomaly syndrome. The
aetiology and genetic bases of human polydactyly are
complex, a wide range of genes having been potentially
implicated (Biesecker 2011). In domestic animals, polydactyly
has been reported in cats, dogs, horses and cattle (Palmer
1993) and inherited forms have been previously described in
Australian sheepdogs (Sponenberg and Bowling 1985) and
Simmental cattle (Johnson et al. 1981).

Although the occurrence of polydactyly is rare in horses,
this is the most frequent congenital malformation of the
phalanges (Stanek and Hantak 1986; Nascimento et al. 2012).
Radiographic examination of the digit is beneficial in

determining what skeletal elements are present. Two forms of
polydactyly are usually classified in horses: the most common
(80% of cases) is the ‘atavistic’ type, which is characterised
by an extra-medial digit that articulates with a second
metacarpal bone; the second, more rare, is the ‘teratogenic’
form, which is characterised by the duplication of bones distal
to the fetlock joint, producing a cloven hoof (McGavin and
Leipold 1975; Palmer 1993).

Surgical removal of the supernumerary digits is possible in
the ‘atavistic’ form and is provided to improve cosmetic
appearance and prevent injury to the distal limb (Evans et al.
1965; McGavin and Leipold 1975), but should not destabilise
the involved joint (Evans et al. 1965; McGavin and Leipold
1975; Carstanjen et al. 2007). The ‘teratogenic’ form more
severely affects musculoskeletal function and quality of life of
the animal and prognosis is usually poor (Nascimento et al.
2012).

In the present case report, we consider that pseudo-
polydactyly caused an overload on the medial portion of the
solar surface and, as a consequence, lateral deviation of the
digit which reasonably contributed to bone changes, as well
as to worsen the lameness.

The hoof lesion described in the present paper does not
fulfil the aforementioned diagnostic criteria of equine
polydactyly, since post mortem imaging and pathological
investigations ruled out the presence of supernumerary digits.
As a consequence, we consider more appropriate the
definition of pseudo-polydactyly, which has been proposed
herein.

The aetiology and pathogenesis of equine true and/or
pseudo-polydactyly is still largely unknown and is well
beyond the scope of the present case report. Although in
absence of anamnestic data, we reasonably consider that
pseudo-polydactyly described herein likely results from a
traumatic event. In this respect, the uneven axial margins of
the cleaved hoof might result from a normal layer of the
epithelium which migrated to cover a defect during
the healing process, while the ‘lateral hoof’ might represent
the outcome of a partial, albeit remarkable hoof avulsion
(Fig 1b). Alternatively and less likely, the cloven hoof might
result from the congenital failure in the development of the
coronary band.

In conclusion, to the best of our knowledge, the features of
the present case report are unique, thus widening the range of
lesions observed at the level of the hoof.
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osteolysis (black arrow), mineralised periosteal reaction (black arrowhead) and osteophytes (white arrowhead). Computer tomography,
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Summary
This retrospective study describes the computed tomography
(CT) findings in 59 horses presented with diseases of the head
over 8 years that underwent CT examination of this region,
including dental or sinonasal diseases (Group A) (n = 42),
osseous and/or articular diseases (Group B) (n = 11) and soft
tissue diseases (Group C) (n = 6). For Group A, radiographic
and CT findings comparison was possible. Computed
tomography had higher sensitivity (100%) and specificity
(96.7%) than radiography in diagnosing dental disease.
Compared to CT, radiographic identification of sinus
involvement was less sensitive, particularly for ventral
conchal and sphenopalatine sinuses and presented an overall
sensitivity of 43.5 and 16.7%, respectively. In Group
B CT allowed identification of a higher number of bone
fragments and fractures in the maxillary, lacrimal, sphenoidal,
temporal and zygomatic bones not identified
radiographically. Accurate identification of CT changes in the
temporomandibular joint and temporohyoid articulation was
also possible. Group C included both intra- and extra-cranial
disease, retrobulbar masses being the most representative
pathology (n = 3). In this group, CT was considered the gold
standard for detection of periorbital diseases. We conclude
that CT is an imaging technique with high diagnostic value for
evaluating the equine head, yielding additional information
over multiple radiographic views, which may alter the
outcome of the case. Additionally, this paper reports several
conditions not previously described using CT.

Introduction
The equine head is a complex anatomic area (Smallwood
et al. 2002). Diseases involving the head are frequently
encountered in horses and require imaging studies for further
work-up (Tucker and Farrell 2001). Historically, radiography has
been the primary imaging technique for assessing the skull,
nasal cavity, dental structures and paranasal sinuses
(Wyn-Jones 1985a,b; Tremaine and Dixon 2001a). However, the
anatomic complexity and superimposition of the osseous,
dental and soft tissue structures complicate radiographic
interpretation (Tucker and Farrell 2001). Cross-sectional
imaging modalities, such as computed tomography (CT) and
magnetic resonance imaging (MRI), are therefore particularly
useful for this area (Kraft and Gavin 2001; Solano and Brawer
2004). Several studies report the use of CT for a wide array of
diseases, both intra- and extra-cranially (Tietje et al. 1996;
Henninger et al. 2003; Hilton et al. 2009; Sogaro-Robinson et al.
2009; Lacombe et al. 2010; Pownder et al. 2010; Huggons et al.

2011; Cissell et al. 2012; Textor et al. 2012). However, most
studies were restricted to certain pathologies and/or had a
limited number of cases.

The purpose of the present study was to describe the CT
features of the most common equine head disorders of a large
number of cases and compare them with radiographs when
available.

Materials and methods

Case selection
A retrospective search of the medical records database from
2004 to 2012 at a referral centre was performed. Inclusion
criteria were a final diagnosis of head disease and a CT scan
of the head for the same reason.

Three groups were established. Horses included in the first
group (Group A) presented for dental or sinonasal disease. The
second group (Group B) included horses that were presented
for osseous or articular disease and horses in the third group
(Group C) for soft tissue, orbital or cerebral pathologies.

Radiographic examination
All horses from Group A and most from Group B had a
radiographic examination consisting of a lateral, dorsoventral
and one or both oblique projections (dorsolateral-
ventrolateral or ventrolateral-dorsolateral depending on the
location of the disease). Radiographs were acquired either
with 14 x 17" computed radiography cassettes (Kodak CR 850
System)1, or using a 14 x 17" direct radiography flat panel (Eklin
Mark 5 System)2.

Computed tomography examination
For CT studies, horses were examined under general
anaesthesia in dorsal recumbency on a custom-built CT table.
A single slice CT scanner (PQ5000)3 was used for 31 cases and
a 16 slice CT scanner (Toshiba Aquilion 16)4 used for the
remainder of the horses.

The scanning protocol for the first scanner consisted of
nonhelical contiguous 5–8 mm transverse slices using a bone
algorithm, with a second acquisition of additional thinner slices
(3 mm) through the abnormal region. The scanning protocol
for the second scanner consisted of helical 0.5 mm slice
acquisition. Images were reconstructed as contiguous 5 mm
slice thickness in 3 orthogonal planes (transverse, dorsal and
sagittal), using both soft tissue and bone reconstruction
algorithms, displayed using standard bone and soft tissue
window levels and widths. Thinner slices (1 mm) were also
reconstructed through the abnormal region using the initial
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acquisition data. The same scan area was repeated after i.v.
injection of iohexol (Omnipaque)5 (1 ml/kg bwt) in 7 cases.
Fistulography was performed in 2 additional cases from Group
A and a dacryocystography in another case from Group B.

Parameters used for CT scans were 120 kV, 200 mA and 1 s
tube rotation time, or 120 kV, 250 mA and 0.75 s for the first and
second scanner, respectively.

Image analysis
Image review was performed using DICOM viewing software6.
Two observers, one board certified radiologist and one PhD
student, simultaneously reviewed the images including
radiographs when available, in a randomised order.
Interpretation was reached by consensus. Examiners were
blinded to the clinical presentation, surgical findings and final
diagnosis.

Data evaluation
Interpretation based on combined radiographic (in Groups A
and B) and CT findings were compared with clinical, surgical
and pathological findings, where available.

Specific evaluation criteria were used in each group. The
following characteristics were evaluated separately on
radiographs and CT in Group A: presence or absence of
dental disease including periapical tooth root infection
(consisting of disruption of the lamina dura denta, widening of
the periodontal space, root resorption and sclerosis of the
surrounding alveolar bone) and tooth fractures, side and
number of teeth affected. Presence of bony abnormalities,
cementomas and draining tracts were also noted. All
paranasal sinuses were separately classified as normal,
containing fluid lines, or having an overall increase in opacity.
When a mass was observed, its shape, size, density and border
definition were described. The characteristics described only
for CT were presence of gas within the pulp cavity and
presence of gas within the infundibulum. The presence or
absence of cortical destruction, sclerosis and periosteal
proliferation was recorded as dorsal/ventral, palatal/lingual, or
buccal in location. Respiratory mucosa was measured at the
thickest point in each paranasal sinus and arbitrarily defined as
normal when measuring less than 5 mm in thickness
(Henninger et al. 2003).

In Group B, osseous abnormalities including periosteal
reaction, lytic changes, presence or absence of fractures and
draining tracts were recorded. Articular abnormalities were
recorded separately. Tympanic bulla content, shape and wall
thickness changes were also noted.

Evaluation criteria in Group C included origin of a mass,
presence or absence of mass effect, mass size, shape, density,
attenuation value and border definition. Local tissue invasion,
lymphadenopathy and presence of osseous changes were
also recorded. Recorded cerebral abnormalities were defined

as intra- or extra-axial. Lesion type, number (defined as focal or
multifocal) and location were recorded according to brain
region. The presence of contrast enhancement, brain
herniation (transtentorial or foramen magnum) and mass
effect (deviation of the falx cerebri from midline or
compression of the lateral ventricle) were also recorded.

Statistical analysis
Contingency tables were constructed to classify horses from
Group A according to their radiography and CT results. For
dental disease, estimates of sensitivity (Se), specificity (Sp) and
positive and negative predictive values (PPV and NPV) were
calculated for each technique using clinical and surgical
findings as a gold standard. For sinus involvement, these same
estimates were calculated for radiographic findings, using CT
results as the gold standard. Confidence intervals were
associated to each of the estimates, using 95% as a
confidence level. Where calculated values were within the
90–100% range, the exact method was used (Blyth 1986).

Results
A total of 59 horses met the inclusion criteria; 42 in Group A, 11
in Group B and 6 in Group C. Represented breeds were 14
Warmbloods, 14 Thoroughbreds, 12 Quarter Horses, 5 Peruvian
Paso, 2 Ponies, 3 Clydesdales, 2 Arabians, 2 Morgan and one
each of the following breeds: Andalusian, Appaloosa, Friesian,
Haflinger and Lusitan. There were 2 stallions, 31 geldings and 26
mares. The mean age was 11.4 years (range 22 days–25 years).

Dental and sinonasal disease (Group A)
This group of 42 horses consisted of 32 dental disease, 6 sinus
cysts, one osteoma, 2 progressive ethmoid haematomas and
one choanal stenosis. Diagnosis was confirmed surgically in all
the horses, except in one horse that was treated
conservatively and the osteoma and choanal stenosis that
was confirmed post mortem. All horses had a preoperative CT
(including all previously mentioned image reconstructions)
and radiographs. Three horses also had a repeat CT for
recurrent problems. Fistulogram through the draining tract in
the facial region was performed in 2 horses.

Number of horses with periapical tooth root infection and
number of affected teeth identified by each imaging
modality, compared with clinical findings are included in
Table 1.

Based on clinical examination and surgical findings, 40
teeth were found to be clinically affected and 33 were treated
surgically.

In 25 of the 32 horses (78%) radiographs identified at least
one of the clinically affected teeth, while in 7 of the 32 horses
(22%) none of the clinically affected teeth were identified.
Sensitivity, specificity, positive and negative predictive values
for diagnosing dental disease using radiography and CT are

TABLE 1: Number of horses with dental disease and number of affected teeth identified clinically and by each imaging modality

No. horses with
dental disease

No. horses with number
of teeth involved Affected teeth

1 2 3 Premolars Molars Total

Clinical 32 24 8 0 18 22 40
Radiography 29 14 14 1 24 21 45
Computed tomography 32 19 13 0 21 24 45
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summarised in Table 2. Computed tomography showed the
highest sensitivity and specificity for correctly identifying dental
disease.

Computed tomography identified all clinically affected
teeth. However, in 5 of the 32 horses (16%), CT showed more
abnormal teeth than clinically suspected. Computed
tomography and radiographs agreed in the identification of
the same teeth in only 16 of the 32 horses (50%). Computed
tomography showed tooth fractures in 11 cases, while only 4 of
these cases were identified radiographically.

Computed tomography allowed identification of a greater
number of dental abnormalities in all horses. In 24 of the 42
horses (57%), the infundibulum showed hypoattenuation in at
least one tooth. This hypoattenuation was, however, observed
in affected teeth in only 8 cases (18%).

There were 6 sinus cysts, 2 of which appeared
multilobulated, while the rest had a rounded shape. Two of the
6 cases (33%) were diagnosed radiographically as a well
delineated soft tissue mass. The remaining 4 were missed on
radiographs as a result of a diffuse increased soft tissue opacity
filling the caudal maxillary and conchofrontal sinuses. On CT
they appeared as a well defined structure in 5 cases, while in
one case the cyst was silhouetting with fluid present within the
sinuses (Fig 1). In 2 cases, a faint mineralised capsule was
present which was not seen on radiographs. A concurrent
mass effect consisted of nasal septum deviation in 3 cases,
decrease of the cortical thickness of the maxillary bone in 2
cases and exophthalmos in one horse. Increase of the
periodontal space and mild disruption of the lamina dura of
the tooth ventral to the cyst were observed in 2 cases.
Common location of the cyst was the caudal maxillary sinus,
with invasion to the conchofrontal and ventral conchal sinuses
observed in 2 cases. Invasion to the conchofrontal, ventral
conchal and sphenopalatine sinuses was seen in another
case. The average CT attenuation of the cyst content was
22 HU. Secondary sinusitis/fluid accumulation of variable
amounts was present in all horses (Fig 1). This fluid was
homogeneous and had an average CT attenuation value of
10 HU.

Agreement between CT and radiographs of sinus
involvement was seen when respiratory mucosa was thicker
than 10 mm in combination with fluid levels, or when total
obstruction of the sinus occurred. Compared to CT,
radiographic abnormalities were observed in 19 of 28 horses
(68%) and 18 of 24 horses (75%) for the rostral and caudal
maxillary sinuses, respectively. Involvement of the
conchofrontal sinus was identified radiographically in 15 of 23
horses (65%), while evidence of ventral conchal and
sphenopalatine involvement was seen in only 10 of 23 horses
(43%) and 3 of 18 horses (17%), respectively (Fig 2). Sensitivity,
specificity, positive and negative predictive values for
identifying sinus involvement confirmed by CT using
radiography are summarised in Table 3.

Radiographic changes were infrequently seen when
respiratory mucosa thickening without fluid accumulation was
the only finding on CT. Seven of 28 horses (25%) and 6 of 24
horses (25%) had mucosa thickening without radiographic
abnormalities in the rostral maxillary sinus and caudal maxillary
sinus, respectively.

Neither of the 2 horses with a progressive ethmoid
haematoma had radiographic or endoscopic changes.
Computed tomography findings consisted of a
heterogeneous and well defined multiloculated structure
located at the ethmoid turbinates and both sphenopalatine
sinuses, with an average CT attenuation value of 110 HU
(Fig 3). In both cases, the sphenopalatine sinus septum was
deviated and no free fluid was observed in the sinuses. Mild
distortion of the ethmoid turbinates was seen in one case.

A single osteoma was seen as a well-defined
mineral-dense mass superimposed over the caudal maxillary
sinus on the radiographs. Computed tomography findings
consisted of a well-delineated, heterogeneous and
hyperattenuating mass in the caudal maxillary sinus,
compressing the dorsal conchal sinus and displacing the
infraorbital nerve canal medially. No dental changes were
seen associated with this mass.

Computed tomography features of the choanal stenosis
consisted of bilateral and symmetrical narrowing of the
choana in a 22-day-old foal; the remaining aperture for airflow
was 1.2 cm2. Radiographs failed to show a narrowing of the
caudal nasal cavity.

Osseous and articular disease (Group B)
Eleven horses were included in this group: 3 fractures, 2
osteomyelitis, 4 temporohyoid osteoarthropathy, one otitis
media and one nasofrontal suture exostosis. Eight horses had a
radiographic examination. One horse had also a CT
dacryocystogram. The dacryocystogram was evaluated for
patency of the lumen only.

Fracture cases included one maxillary, one mandibular
and one case of multiple craniofacial fractures. There was
agreement between radiographs and CT on the location of
the mandibular fractures, although in one horse CT allowed
identification of further extension of a bilateral comminuted
fracture of the vertical rami of the mandibles.
Radiographically, it was possible to identify fractures in the
frontal and hyoid bones. Only CT allowed identification of
fractures in the maxillary, lacrimal, sphenoidal, temporal and
zygomatic bones. Identification of a greater number of bone
fragments was also possible with CT in all the horses. In the case
of multiple craniofacial fractures, CT allowed visualisation of
fluid within the tympanic bulla.

Osteomyelitis was observed in 2 cases using CT and
radiographs, one in the mandible and the second in the
temporal, mandibular, parietal, sphenoidal, frontal and
zygomatic bones. In one horse, we identified more extensive

TABLE 2: Sensitivity, specificity and positive and negative predictive values for diagnosing clinically confirmed dental disease in 32 horses
of Group A, using radiography and computed tomography

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Radiography 72.5 (66.2–78.8) 89.5 (85.1–93.8) 64.4 (57.7–71.2) 92.5 (88.8–96.2)
Computed tomography 100 (98.5–100) 96.7 (94.2–99.2) 88.9 (84.4–93.3) 100.00 (98.5–100)

PPV = positive predictive values, NPV = negative predictive values.
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bone involvement using CT and also found
temporomandibular and calvarium infiltration not identified on
radiographs. In this case, fluid accumulation within the
tympanic bulla and tissue thickening of the external ear canal
were also observed. Final diagnosis of this case was
botryomycosis.

Since radiographs were only available in one of the 4
horses presented for temporohyoid osteoarthropathy,
comparison between CT and radiographic findings was not
possible. Computed tomography abnormalities included
periosteal reaction along the ceratohyoid (n = 2), stylohyoid (n
= 4) and petrous temporal (n = 4) bones, fracture of the

Fig 1: Lateral radiographs (a and c) (rostral to the left) and transverse CT images (b and d) (right is to the left) of the paranasal sinuses from
a Quarter Horse (a and b) and Warmblood (c and d). The first horse has a cyst within the right caudal maxillary and conchofrontal sinuses
surrounded by a large amount of fluid. Radiography shows a diffuse increased soft tissue opacity (asterisks), while CT differentiates
between the cyst and surrounding fluid based on HU measurements. The second horse shows a small cyst (arrows) within the left ventral
conchal sinus, surrounded by a small amount of fluid (arrowheads) within the caudal maxillary and conchofrontal sinuses.
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stylohyoid (n = 1) and petrous temporal (n = 1) bones, fluid
accumulation within the tympanic bulla (n = 2) and luxation of
the temporohyoid articulation (n = 2) (Fig 4). In all cases the
condition was unilateral. Incidentally, a hyperattenuating,
rounded and well-defined soft tissue mass lateral to the
temporomandibular joint (TMJ) was found in one horse.
Histological diagnosis was melanoma.

There was one case of otitis media and externa.
Computed tomography findings included the presence of
fluid accumulation within the tympanic bulla and tissue
thickening of the external ear canal.

Computed tomography allowed identification of
abnormalities in the TMJ in 2 cases. Computed tomography
findings in the first one included permeative lysis of the
mandibular articular surface with periarticular new bone
formation and associated soft tissue swelling. Histological
diagnosis was osteomyelitis and infectious arthritis. The second
horse was the botryomycosis case previously described,
showing marked osteolysis of both articular surfaces.
Radiographic findings in the first case consisted of mild

periarticular new bone formation, while the botryomycosis
case presented a large bony mass at the level of the
zygomatic arch.

Computed tomography findings for the nasofrontal suture
exostosis included endosteal and periosteal elevation
adjacent to widened and irregular sutures between the
frontal, maxillary, nasal and lacrimal bones. Computed
tomography dacryocystography showed a focal narrowing of
the nasolacrimal duct due to the new bone formation in the
area of the affected sutures, resulting in partial obstruction of
both nasolacrimal ducts.

Soft tissue disease (Group C)
Six horses were included in this group; 3 retrobulbar masses,
one acute subdural haematoma, one nuchal ligament bursitis
and one parotid mucocele. Radiographs were not performed
in any of the horses included in this group.

Retrobulbar masses appeared as a well-defined, rounded
and homogeneous structure in the retrobulbar space with an
average CT attenuation value of 47 HU. Mass effect and

Fig 2: Dorsoventral radiograph of the nasal cavity and paranasal sinuses (a) and transverse CT image at the level of M2 (the 10’s) in a
Quarter Horse (right is to the left). Radiography shows that the left PM4 (tooth 208 in the Triadan system) is fractured (arrow) and there is
an increase of opacity within the left rostral maxillary sinus (asterisks). Computed tomography showed an abscess with granular
appearance within the left conchal (arrowheads) and left rostral maxillary sinuses secondary to a fractured PM4 (208) (not shown).

TABLE 3: Radiographic sensitivity, specificity, positive and negative predictive values for identifying sinus involvement confirmed by CT in
horses of Group A

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Rostral maxillary 67.9 (57.9–77.8) 92.9 (87.4–98.4) 82.6 (74.5–90.7) 85.3 (77.7–92.8)
Caudal maxillary 75 (65.7–84.3) 95 (90.3–99.7) 85.7 (78.2–93.2) 90.5 (84.2–96.8)
Conchofrontal 65.2 (55.0–75.4) 96.7 (92.9–100) 88.2 (81.4–95.1) 88.1 (81.1–94.9)
Sphenopalatine 16.7 (8.7–24.6) 100 (96.5–100) 100 (96.5–100) 81.5 (73.2–89.8)
Ventral conchal 43.5 (32.9–54.1) 100 (96.5–100) 90.9 (84.8–97.1) 82.2 (74.0–90.4)

PPV = positive predictive values, NPV = negative predictive values.
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Fig 3: Dorsoventral radiograph of the caudal nasal cavity and paranasal sinuses (a) and transverse CT image at the level of the ethmoid
turbinates in a horse with epistaxis (right is to the left). Computed tomography shows a small ethmoid haematoma and small fluid
accumulation within the left sphenopalatine sinus (arrowheads). No radiographic changes are observed.

Fig 4: Transverse CT image (a) and dorsal reconstruction (b) at the level of the temporohyoid articulation (right is to the left). Left
temporohyoid articulation is subluxated with lateral displacement of the stylohyoid bone (arrowheads). Soft tissue swelling is observed
surrounding the temporohyoid articulation (asterisks),and the left tympanic bulla is fluid-filled (arrow).
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exophthalmos was observed in all cases. One case had a
ring-shaped contrast enhancement confirmed to be an
abscess. Squamous cell carcinoma was the final diagnosis in
the other 2 cases. One had intracranial invasion with lysis of the
presphenoid and temporal bones.

Computed tomography findings for acute subdural
haematoma consisted of a curvilinear hyperattenuating area
between the brain and osseous structures, with an average CT
attenuation value of 75 HU and no contrast enhancement
(Fig 5). There was also swelling of the subcutaneous soft tissues
on the left side of the head.

Abnormalities for the case of nuchal bursitis included
dystrophic mineralisation dorsal to the atlas and
atlanto-occipital junction and marked distension of the cranial
nuchal bursa. It appeared as a large fluid pocket (9 HU)
extending from the foramenmagnum up to the cranial portion
of the second cervical vertebra. A focal mineralisation was
also detected within the nuchal ligament dorsal to the
distended bursa.

The parotid mucocele consisted of a rounded and
well-defined fluid pocket lateral to the parotid gland, with an
average density of 14 HU. The remaining parotid gland volume
appeared reduced.

Discussion
Computed tomography is commonly used to obtain images of
the head in horses with a wide array of conditions. The aim of
the present study was to describe the CT features of the most
common equine head disorders and compare them with
other imaging modalities when available.

The most prevalent condition was dental disease.
Radiographic (Wyn-Jones 1985a; Gibbs and Lane 1987;
Townsend et al. 2011) and CT (Henninger et al. 2003; Veraa
et al. 2009) features of this condition have previously been
described. Radiography is currently still the most commonly
employed diagnostic imaging modality for investigating
dental disorders (Townsend et al. 2011). However, this
technique is not a very reliable method for the diagnosis of
dental disease in the horse, especially in cases of periapical
infection. Previous studies estimated the sensitivity for the

diagnosis of periapical infection between 50 (Gibbs and Lane
1987) and 57% (Tremaine and Dixon 2001a). The slightly higher
sensitivity using radiography observed in this study could be
explained by the use of digital radiography or may merely
reflect a difference of population. A comparative study
between radiography and scintigraphy showed the latter had
a high sensitivity but low specificity (Weller et al. 2001).
However, no studies comparing radiography and CT are
available. Using both modalities, we agreed in identification of
affected teeth in 16 of 32 cases (50%) and disagreed on the
identification of all clinically relevant teeth in 7 cases (22%).
With CT we were able to identify all clinically affected teeth,
but in 5 horses the use of CT resulted in identifying
abnormalities in more teeth than clinically detectable. The
importance of this finding remains questionable and further
investigation on the long-term clinical outcome of these teeth
is necessary. One of these horses was rescanned for nasal
discharge one year later and showed severe changes in one
tooth previously described as abnormal by CT. However, mild
changes in teeth, such as nondetectable lamina dura, have
been observed using CT in horses without dental clinical signs
(Bühler et al. 2014). Availability of standing CT units would
make it more feasible to follow-up these subtle findings,
avoiding general anaesthesia, which is one of the main
limitations of this modality. This would increase the
understanding of whether these findings progress over time.

More dental abnormalities, such as disruption of the lamina
dura and tooth fractures, were found with CT (Fig 6); CT being,
for example, superior at detection of pulp and infundibular
abnormalities. Detailed examination of the internal structure of
the tooth is important in deciding on its treatment. The use of
thin slices (1 mm) and multiplanar reconstructions assisted with
the identification of mild changes. Infundibular abnormalities,
such as hypoattenuation in the infundibulum, must be studied
carefully in each case. This can represent air or necrotic
cementum. A recent study reported the relationship between
infundibular caries and the frequency of CT changes within the
infundibulum, but a direct relationship between the 2
processes has not been established (Veraa et al. 2009). In
another study, infundibular changes occurred as a single CT
feature not associated significantly with CT signs of apical

Fig 5: Transverse CT images of the
brain of a foal pre- (a) and post
contrast injection (b) (right is to the
left). A noncontrast enhancing
curvilinear hyperattenuating band
is observed between the brain and
osseous structures on the right side
(asterisks), corresponding to a
subdural haematoma. There is
swelling of the subcutaneous soft
tissues on the left side of the head
(arrowheads).
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infection (Bühler et al. 2014). In our study, 24 horses showed
infundibular hypoattenuation in at least one tooth, but only in
8 were these changes identified in the clinically affected
tooth. Although its clinical significance is unclear, the possibility
of dental caries cannot be ruled out. Complementary
examinations such as oral endoscopy may yield helpful
information for the differentiation between pathological and
nonpathological teeth in these cases (Ramzan 2009).

Sinonasal cysts are expansile, mucus-filled cavities within
the paranasal sinuses that possess a wall with a
mucus-secreting epithelial lining (Tremaine et al. 1999). This
condition has previously been reported and represents
approximately 13% of all paranasal sinus diseases in a study of
277 cases (Tremaine and Dixon 2001a). In the present study,
14% of horses in Group A were diagnosed with a sinus cyst.
Computed tomography features of this condition consisted of
a well-defined, rounded or multiloculated structured that
occasionally presented wall mineralisation. Nonmineralised
cysts may be difficult to detect when surrounded by large
amounts of fluid on CT and impossible to recognise
radiographically. In such cases it can be helpful to compare
CT attenuation values of the sinus and cyst content. A rim-like
contrast enhancement has been observed in post contrast
MRI images in horses with sinus cysts (Tessier et al. 2013);
therefore, a similar change could be expected with CT. In
instances of large cysts, mass effect, bone deformation,
exophthalmos and nasal septum deviation can be present
(Tremaine and Dixon 2001a; Annear et al. 2008). Due to the
space-occupying nature of the cysts, dental distortion can
also be observed (Tucker and Farrell 2001). The typical location
of this condition is the caudal maxillary sinus, but other
locations include the frontal sinus and ethmoid labyrinth
(Tremaine and Dixon 2001a).

Although endoscopy was described as the ancillary
diagnostic technique of choice for progressive ethmoid

haematomas (Tremaine and Dixon 2001a), CT provided
important information, such as the exact location or the
extent, when radiographic and endoscopic findings were not
conclusive. Other indications for performing CT in progressive
ethmoid haematoma cases include sinus involvement or
multifocal disease (Textor et al. 2012). The sphenopalatine sinus
was affected bilaterally in both cases included in this study.
Both presented deviation of the sinus septum secondary to a
mass effect. In both cases, high CT attenuation values were
recorded (100–110 HU) in accordance with a previous study
(Textor et al. 2012).

Paranasal sinus disease is usually the consequence of
obstruction of the drainage ostia as a consequence of
inflammatory processes initiated by primary bacterial
infections, bacterial or fungal infection secondary to other
disease processes such as dental disease and space-
occupying expansile lesions and trauma (Tremaine and Dixon
2001b). Changes within individual sinus compartments can be
identified with high detail using CT, especially in cases of
ventral conchal and sphenopalatine sinus involvement where
radiography was shown to be less accurate. Tomographic
nature of CT images allows evaluation of each sinus
separately, avoiding superimposition of surrounding structures.
Moreover, thanks to the higher contrast resolution, it is possible
to discriminate between tissues, making it possible to assess the
respiratory mucosa. Thickening of the respiratory epithelium
without concurrent changes would not be detected on
radiographic images.

All CT examinations were obtained in dorsal recumbency.
By consequence, when the frontomaxillary aperture is open,
fluid from the caudal maxillary sinus can enter the
conchofrontal sinus. Presence of fluid in the conchofrontal
sinus without concurrent mucosal thickening may therefore
not represent primary pathology of that sinus when the head is
in this position.

Fig 6: Left lateral static nuclear medicine image acquired during bone phase (a) (rostral to the left), right dorsal to left ventral oblique
radiograph (b) (rostral to the left), transverse (c) (right to the left) and dorsal reconstruction (d) (right to the left) CT images centred at M2
(10’s in the Triadan system) from a Warmblood that presented with marked radiopharmaceutical uptake associated with the left maxillary
molar region (arrows). Radiographs are normal but CT images show that the bone, lamina dura and mucosa surrounding the roots of left
M2 and M3 (210 and 211) roots are thickened and irregular (asterisks).
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Neoplasia of the nasal cavity and paranasal sinuses is an
uncommon condition which represented 8% of the cases from
a study of 277 horses with sinonasal disorders (Tremaine and
Dixon 2001a). Our study only included one case of an
osteoma. Computed tomography appearance of a
paranasal osteoma has not been previously described in
horses.

The high value of CT as a preoperative planning tool was
demonstrated in all cases that underwent surgery. This was
particularly evident in cases of sinonasal diseases, including
dental disorders, sinus masses and fistulas. New generation
multislice scanners obtain thinner slices, but mainly allow
multiplanar isovolumetric reconstructions of the acquired
volumetric data, increasing diagnostic confidence and
determining the exact location of lesions. Impact of any lesions
on adjacent structures such as the infraorbital canal and
involvement of obscure compartments such as the ventral
conchal sinus were also evident. The use of gantry lasers makes
it possible to preoperatively localise the lesion with high
precision. Dental and sinus anatomy vary with age, breed and
as a normal anatomical variation between individuals (Dixon
and du Toit 2010). For this reason, empirical estimates of
landmarks are often incorrect (Gerard 2012). All the
information provided by CT assisted the optimisation of the
surgical approach and presumably allowed decreased
surgical morbidity.

Skull fractures are difficult to assess radiographically
because of the complex morphology of the bones and
superimposition of numerous structures (Bar-Am et al. 2008). In
a comparative study between radiography and CT in dogs
and cats with maxillofacial trauma, it was demonstrated that
CT was superior to radiography for identification of anatomic
structures and traumatic injuries (Bar-Am et al. 2008). In our
study, CT allowed us to identify a greater number of bone
fragments and showed fractures at the maxillary, lacrimal,
sphenoidal, temporal and zygomatic bones not visible
radiographically. Although there was high agreement
between both imaging techniques for visualising mandibular
body fractures, CT may be necessary to assess the full extent of
the fracture.

Computed tomography provided a comprehensive
evaluation of the temporal bone, hyoid apparatus and
temporohyoid articulation. Observed CT changes were similar
to previous reports (Hilton et al. 2009; Pownder et al. 2010).
Luxation of the temporohyoid articulation was observed in 2 of
our cases. This condition was associated with focal soft tissue
swelling in both cases and fluid within the tympanic bulla in
one of the cases. This finding has not been previously reported
in horses and a traumatic origin was suspected.

Several studies have described the diagnostic utility of CT
for assessing intracranial structures (Arencibia et al. 2000;
Cunilleras 2007; Sogaro-Robinson et al. 2009; Lacombe et al.
2010; Pease et al. 2011). However, apart from case reports,
utility of CT for evaluation of ophthalmological conditions has
not widely been described in horses (Tietje et al. 1996; Ramirez
and Tucker 2004; van den Top et al. 2007; Elce et al. 2011). In
our cases, CT identified retrobulbar masses, such as abscesses
and tumours, intracranial invasion of a tumour and obstruction
of the nasolacrimal duct.

In conclusion, the equine head is a clinically important
area with complex anatomy susceptible to a large number of
different conditions. A consistent description of all cases that
underwent CT scan of the head in a period of 8 years was

performed and some conditions were described for the first
time using this modality, including osteoma, choanal stenosis,
stylohyoid subluxation, temporal botryomycosis, subdural
haematoma, parotid mucocele and nuchal ligament bursitis.
Precise diagnosis was reached using CT in all horses,
particularly in cases of dental and sinonasal disorders, and CT
should therefore be preferred over radiography in these
conditions. Moreover, dental changes of questionable clinical
significance were detected with CT. Long-term follow-up of
these lesions could be the subject of further studies.
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Summary
Ketamine is the most commonly used injectable anaesthetic
in horses. Combinations of ketamine have been used to
produce short durations of anaesthesia or as total intravenous
anaesthesia (TIVA) for longer diagnostic or surgical
procedures. In recent years, ketamine has been used for pain
management due to its effectiveness in producing analgesia
at subanaesthetic doses. This paper provides a review of the
pharmacological effects of ketamine in general and its clinical
use for injectable anaesthesia and pain management in
horses.

Introduction
Ketamine (Ketaset)1 is the most commonly used injectable
anaesthetic in horses. The drug produces a rapid onset and
short duration of dissociative anaesthesia. Dissociative
anaesthesia is characterised by a cataleptoid state in which
the eyes remain open with a slow nystagmic gaze. Varying
degrees of hypertonus and purposeful or reflexive skeletal
muscle movements often occur unrelated to surgical
stimulation. Although analgesia is intense, it is of short duration
after single bolus injection (Winters et al. 1972). Ketamine,
when administered alone to horses, induces excitement during
induction and emergence-hallucination during recovery from
anaesthesia. Thus, the drug is usually used in combination with
a tranquiliser or a sedative to ensure smooth induction and
recovery. A wide variety of ketamine combinations have been
used successfully to provide injectable anaesthesia. This paper
reviews the pharmacological effects and clinical usefulness of
ketamine in horses.

General pharmacology
The degree of unconsciousness and analgesia induced by
ketamine are dose-related. The drug has a rapid onset of
action, with the maximal effect occurring in approximately
1 min. In rats, termination of action after a single intravenous
(i.v.) dose of ketamine is caused by rapid redistribution of
the drug from the brain to other tissues (Cohen et al. 1973).
Antagonism of ketamine on the N-methyl-D-aspartate
(NMDA) receptors was demonstrated to be responsible
for most of the anaesthetic, analgesic, psychotomimetic and
neuroprotective effects of the drug (Kohrs and Durieux 1998).
Intense analgesia produced by ketamine occurs at
subanaesthetic doses and an elevated pain threshold occurs
at plasma levels of 0.1 ng/ml or greater (Nimmo and Clements
1984). At anaesthetic doses, the degree of analgesia induced
by ketamine appears to be greater for somatic pain than for
visceral pain in cats (Haskins et al. 1975). In addition, the drug
appears to be more effective for minor surgery and post

operative analgesia involving skeletal/integumentary
structures and extremities of the cat (Sawyer et al. 1990, 1993).
However, when administered i.v. or intrathecally, ketamine
significantly inhibited mean arterial pressure changes and
abdominal electromyographic activity evoked by urinary
bladder distension and inhibition of nociceptive responses
indicating the presence of visceral analgesia as a result of its
antagonism on NMDA receptors in the spinal cord of rats
(Iwasaki et al. 1991; Alam et al. 1996; Olivar and Laird 1999;
Castroman and Ness 2002). Furthermore, NMDA receptors
appear to be more involved in hyperalgesic responses after
peripheral tissue injury and inflammation rather than
nonnoxious somatic inputs (Alam et al. 1996; Castroman and
Ness 2002).

Local infiltration of ketamine produces a brief period of
local anaesthetic effect in human models of inflammatory
pain (Warncke et al. 1997; Pedersen et al. 1998). In horses, a
brief period (10–15 min) of palmar digital nerve blockade was
observed when ketamine (5 ml of 1, 2 or 3% solution) was
administered at the base of the proximal sesamoid bone
(abaxial sesamoid block) (Lopez-Sanroman et al. 2003).
Caudal epidural injection of ketamine (0.5, 1 or 2 mg/kg bwt)
produced perineal analgesia with dose-dependent intensity
and duration (30 min for 0.5 and 1.0 mg/kg bwt, 75 min for
2.0 mg/kg bwt) in standing horses capable of preventing the
nociceptive response initiated by incisional pain (deSegura
et al. 1998; Redua et al. 2002). In halothane-anaesthetised
ponies, epidural ketamine (0.8–1.2 mg/kg bwt) reduced the
mean minimum alveolar concentration (MAC) of halothane
by 12–14%, which is similar to the 14% reduction in MAC
following epidural morphine (Morphine Sulfate)2 administration
(Doherty et al. 1995). Similar studies investigating the reduction
of isoflurane MAC as a result of the administration of epidural
ketamine in horses have not been reported; however, we
believe that a reduction in isoflurane MAC similar to that for
halothane can be expected. Longer duration (>20 min) and
wider distribution of perineal analgesia up to the thigh and
flank regions was reported when xylazine (AnaSed3; 0.5 mg/kg
bwt) was combined with ketamine (1 mg/kg bwt) and
administered epidurally to horses (Kariman et al. 2000). In
addition, subarachnoid injection of ketamine between T18
and L1 produced analgesia sufficient for abdominal surgery in
the standing horse (Bolte and Igna 1994). In dogs, suppression
of synaptic transmission in the spinal cord were demonstrated
to be responsible for systemic analgesia following i.v.
administration of ketamine, whereas suppression of axonal
conduction in the spinal cord is the primary mechanism of
intrathecal ketamine-induced analgesia (Iida et al. 1997).

In human patients, surgery-induced tissue trauma
produces continuous nociceptive stimulation of c-fibres that
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activates the NMDA receptors in the CNS. Activation of NMDA
receptors thus increases the sensitivity of the receptors to
glutamate (central sensitisation), making them more
responsive to subthreshold stimuli. As a result, a ‘wind-up’
phenomenon develops which is clinically manifested as an
exaggerated painful response to subthreshold stimuli following
a primary injury and thus results in amplification of the post
operative pain (Woolfe and Thompson 1991; Stubhaug et al.
1997). Therefore, effective pre-emptive treatment of surgery-
induced central sensitisation and ‘wind-up’ phenomenon has
become an important part of anaesthetic management.
Administration of subanaesthetic doses of ketamine
intermittently (Fu et al. 1997; Kee et al. 1997; Lucas et al. 2001;
Guillou et al. 2003; Kwok et al. 2004) or as constant rate infusion
(CRI) (Lucas et al. 2001; Wagner et al. 2002) pre- and post
operatively has gained popularity to minimise pain subsequent
to surgery in both people and animals.

The cardiovascular action of ketamine is characterised by
indirect cardiovascular stimulation as a result of the combined
actions of sympathomimetic effects mediated within the CNS
(Ivankovitch et al. 1974), inhibition of neuronal uptake of
catecholamines by sympathetic nerve endings (Salt et al.
1979), direct vasodilation of vascular smooth muscle (Altura
et al. 1980) and an inotropic effect on the myocardium
(Tweed et al. 1972). The heart rate and arterial blood pressure
increase due to direct stimulation of the CNS, leading to
increased sympathetic outflow (Wong and Jenkins 1974).
However, the cardiovascular stimulating effects induced by
ketamine are blunted or prevented by prior administration of a
tranquiliser, sedative or the concomitant administration of
inhalation anaesthetics, including N2O (Bidwai et al. 1975;
Jackson et al. 1978; Bålfors et al. 1983; Reich and Silvay 1989).

The survival rate of rats in haemorrhagic shock is reportedly
greater when they are anaesthetised with ketamine vs.
halothane (Longnecker and Sturgill 1976). Ketamine was
demonstrated to suppress the activation of endotoxin-
induced neuronal nuclear factor-κB, which regulates the
production of proinflammatory cytokines, including tumour
necrosis factor-α in human glioma cells in vitro and intact
mouse brain cells in vivo (Sakai et al. 2000). Therefore,
ketamine may offer some neuroprotective effects during
endotoxaemia. Furthermore, i.v. administration of ketamine
(10 mg/kg bwt/h) prior to injection of endotoxin to rats
completely inhibited the haemodynamic effects (profound
hypotension), metabolic acidosis and the release of cytokine
associated with endotoxin shock. While blood pressure may be
better maintained with ketamine during hypovolaemia,
greater increases in arterial lactate concentration and base
deficit were observed in dogs under ketamine anaesthesia, as
compared to dogs anaesthetised with a volatile anaesthetic,
suggesting that the O2 demand was not met during ketamine
anaesthesia (Weiskopf et al. 1981). Critically ill human patients
occasionally respond to ketamine with an unexpected
decrease in blood pressure and cardiac output (Waxman
et al. 1980). This likely results from depletion of catecholamine
stores and an uncovering of ketamine’s direct myocardial
depressant effects (Stoelting and Hillier 2006).

Ketamine differs from most other anaesthetics in that it
does not depress the ventilatory response to hypoxia (Booth
1988). In man, the skeletal muscle tone is maintained or even
increased; thus, arterial oxygenation and functional residual
capacity are usually well maintained during ketamine
anaesthesia (Domino et al. 1965; Gooding et al. 1977; Shulman

et al. 1985; Mankikian et al. 1986). A consistently lower shunt
fraction and higher PaO2 values were observed during
continuous infusion of ketamine as compared to halothane
during one lung anaesthesia in dogs (Lumb et al. 1979).
Laryngeal and pharyngeal reflexes are usually well maintained
during ketamine anaesthesia. Nevertheless, swallowing
reflexes may be somewhat obtunded because most species
can be intubated when anaesthetised with ketamine (Wright
1982).

Ketamine undergoes extensive hepatic metabolism in the
horse (Heath et al. 1982). Rapid recovery following ketamine
administration is caused by rapid redistribution of ketamine
from the CNS to all body tissues, primarily body fat, lung, liver
and kidney (Lanning and Harmel 1975). Animals with hepatic
dysfunction do not metabolise ketamine as rapidly as normal
animals. Animals with renal dysfunction or obstruction to urine
flow also have prolonged recovery times (Short 1987). Thus,
ketamine should be given cautiously to horses with hepatic or
renal dysfunction.

In people, a slight but statistically significant increase in
intraocular pressure (IOP), independent of changes in blood
pressure during ketamine anaesthesia, was reported (Falls
et al. 1966; Yoshikawa and Murai 1971). However, IOP tended
to decrease in horses anaesthetised with xylazine and
ketamine (Trim et al. 1985). Although there are no reports of
corneal rupture in horses associated with this drug, ketamine
should be used with caution in horses with corneal injuries
where increased IOP may result in expulsion of intraocular
contents.

Clinical uses

Horses
Ketamine should not be used as a monoanaesthetic in horses.
Preanaesthetic sedation and tranquilisation must be present
before ketamine is administered. Xylazine is most commonly
used for this purpose. Xylazine, followed by ketamine after
5–10 min, induces a short period of safe and effective
anaesthesia in all breeds of horses (Table 1). Higher doses of
ketamine (2.75–3.0 mg/kg bwt i.v.) are required for ponies,
young fractious Arabians, Hackneys and Thoroughbreds
(Benson and Thurmon 1990). Ketamine should not be
administered if xylazine fails to produce adequate sedation
and an alternative anaesthetic technique (e.g. guaifenesin
[Glyceryl Guaiacolate]4 and propofol [PropoFlo]5 or
guaifenesin, ketamine and xylazine mixtures) should be
considered. A decrease of the heart and respiratory rates by
one third after xylazine administration is not uncommon. After
ketamine injection, the heart rate may remain decreased
while the respiratory rate returns to prexylazine values. The
duration of anaesthesia (15–20 min) is related to redistribution
of ketamine to other body tissues and hepatic metabolism.
Anaesthesia can be extended by redosing with one-third to
one-half of the original dose of each drug for an additional
5–10 min of anaesthesia. Continuous infusion of xylazine
(2–4 mg/kg bwt/h) and ketamine (5–7 mg/kg bwt/h) were
used to maintain satisfactory anaesthesia for 60–70 min
following induction with i.v. xylazine (0.75 mg/kg bwt),
guaifenesin (75 mg/kg bwt) and ketamine (2 mg/kg bwt).
Although cardiovascular function was minimally affected by
the anaesthetic infusion, O2 supplementation was considered
to be beneficial for maintaining adequate tissue oxygenation
during longer duration of anaesthesia. Nevertheless, all horses
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TABLE 1: Use of ketamine combinations for anaesthesia in horses

Drugs Dose (mg/kg bwt) Route
Duration
(min) Comments Reference

Acepromazine 0.1 or 0.4 i.v. 3–18 Muscle tremors for <1 min
after induction

(Fisher 1984)
(Parsons and Walmsley 1982)Methadone 0.1 or 0.4 i.v.

Ketamine 2–2.5 i.v.

Acepromazine 0.1 i.v. ----- Inadequate anaesthesia (Fisher 1984)
Methadone 0.15 i.v.
Xylazine 1.1 i.v.
Ketamine 2.2 i.v.

Detomidine 0.02 i.v., wait 6–8 min 10–15 Better muscle relaxation than
XK

Potential rough recovery

(Clarke et al. 1986)
(Matthews et al. 1991b)Ketamine 2.2 i.v.

Detomidine 0.02 i.v. ----- Prolonged duration of
anaesthesia

Improved quality of recovery
as compared to DK

(Clarke et al. 1986)
(Matthews et al. 1991b)Butorphanol 0.04 i.v.

Ketamine 2 i.v.

Detomidine 0.022 i.m. ----- Use in ponies
Good muscle relaxation and
analgesia

Ponies stood within 24–40 min
following discontinuation of
CRI

(Thurmon et al. 1991)
Detomidine 0.005 mg/ml CRI
Ketamine 2 mg/ml CRI
Guaifenesin 50 mg/ml

CRI: 2.2 ml/kg bwt/h
CRI

Detomidine 0.04 mg/ml CRI 140 Use in pregnant pony mares
Reduced CRI to 0.28 ±
0.14 ml/kg bwt/h from 2nd
hour

May need supplemental
100% O2

Good recovery
Standing at 60 ± 28 min
following discontinuation of
CRI

(Taylor et al. 2001)
Ketamine 4 mg/ml CRI
Guaifenesin 100 mg/ml

CRI: 0.67 ± 0.17 ml/kg bwt/h
CRI

Diazepam 0.05–0.2 i.v. 20, 60 or 100 Anaesthesia
Visceral analgesia

(Brock and Hildebrand 1990)
Ketamine 2, 4 or 8 i.v.

Diazepam 0.05–0.1 i.v. ----- Use in foals
DB for preanaesthetics
MKL for maintenance of
anaesthesia

Adjust infusion rate of CRI to
avoid prolonged recovery

(Burns 2008)
Butorphanol 0.02 i.v.
Morphine 0.1 mg/kg bwt/h CRI
Ketamine 0.15–0.3 mg/kg bwt/h CRI
Lidocaine 0.6–1.5 mg/kg bwt/h CRI

Diazepam 0.05–0.1 i.v. ----- Use in foals
DM for preanaesthetics
MKL for maintenance of
anaesthesia

Adjust infusion rate of CRI to
avoid prolonged recovery

(Burns 2008)
Morphine 0.1 i.v.
Morphine 0.1 mg/kg bwt/h CRI
Ketamine 0.15–0.3 mg/kg bwt/h CRI
Lidocaine 0.6–1.5 mg/kg bwt/h CRI

Induction 38 ± 8 Horses stood within 33 ±
13 min

(Yamashita et al. 2007)
Medetomidine 0.005 i.v.
Midazolam 0.04 i.v.
Ketamine 2.5 i.v.

Maintenance
Medetomidine 0.1 mg/ml CRI
Midazolam 0.8 mg/ml
Ketamine 40 mg/ml

Midazolam 0.05–0.1 i.v. ----- Use in foals
MB for preanaesthetics
MKL for maintenance of
anaesthesia

Adjust infusion rate of CRI to
avoid prolonged recovery

(Burns 2008)
Butorphanol 0.02 i.v.
Morphine 0.1 mg/kg bwt/h CRI
Ketamine 0.15–0.3 mg/kg bwt/h CRI
Lidocaine 0.6–1.5 mg/kg bwt/h CRI

Midazolam 0.05–0.1 i.v. ----- Use in foals
MM for preanaesthetics
MKL for maintenance of
anaesthesia

Adjust infusion rate of CRI to
avoid prolonged recovery

(Burns 2008)
Morphine 0.1 i.v.
Morphine 0.1 mg/kg bwt/h CRI
Ketamine 0.15–0.3 mg/kg bwt/h CRI
Lidocaine 0.6–1.5 mg/kg bwt/h CRI
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TABLE 1: Continued

Drugs Dose (mg/kg bwt) Route
Duration
(min) Comments Reference

Romifidine 0.1 i.v., wait 5 min 20.8 ± 2.3 Insufficient sedation and
muscle relaxation

Transient muscle tremors and
limb rigidity

(Diamond et al. 1993)
(Taylor and Clarke 1999)
(Kerr et al. 2004)
(Hubbell 2013)

Ketamine 2.2 i.v.

Romifidine 0.1 i.v., wait 5 min ----- Better muscle relaxation than
RK

(Kerr et al. 1996)
Diazepam 0.02 i.v.
Ketamine 2.2 i.v.

Romifidine 0.08 i.v. 25–40 Supplemental dose one-third
of MK

Smooth recovery
Standing within 24.6 ± 8.5 min
following discontinuation of
CRI

(Bouts et al. 2002)
Midazolam 0.06 i.v.
Ketamine 2 i.v.
Romifidine 20 mg (0.4 mg/ml) CRI
Midazolam 15 (0.3 mg/ml)
Ketamine 500 (10 mg/ml)

In 50 ml saline
CRI: 0.24 ml/kg bwt/h

Xylazine 1.1 i.v., wait 5 min 15–20 Anaesthesia
Smooth induction and
recovery

Muscle twitching, rapid
nystagmus at 6 mg/kg bwt
K

(Muir et al. 1977)
(Benson and Thurmon 1990)Ketamine 2.2, 3 or 6 i.v.

Xylazine 1.1 i.v. Arabian: 18
Belgian: 53

Appaloosa: 57
Mean: 38 ± 7

Behavioural changes
Enhanced muscle relaxation
and analgesia

(Tranquilli et al. 1983)
(Matthews et al. 1991b)Butorphanol 0.044, 0.1 or 0.2 i.v.

Ketamine 2.2 i.v.

Xylazine 0.3 or 1.1 i.v. ----- Supplemental ketamine:
200–750 mg

Good muscle relaxation
Maintain with halothane

(Brock and Hildebrand 1990)
(Matthews et al. 1991b)Diazepam 0.05 or 0.1 i.v.

Ketamine 2 i.v.

Xylazine 1.1 i.v. ----- Anaesthesia for horses less
sensitive to XK

(Hubbell 2006, 2013)
Butorphanol 0.01 i.v.
Diazepam 0.02–0.04 i.v.
Ketamine 2.2 i.v.

‘Equine Triple Drip’ CRI 49 −120 Surgical anaesthesia
Use XK for induction in horses
>450 kg

Smooth recovery
Better muscle relaxation and
analgesia with 2 mg/ml K

Decreased arterial pressures
initially, hypoventilation at
high infusion rate

(Greene et al. 1986)
(Lin et al. 1993)Guaifenesin (5%) 50 mg/ml

Xylazine 0.5 mg/ml
Ketamine 1–2 mg/ml

Induction: 1.1 ml/kg bwt
Maintenance: 2.75–4.5 ml/kg

bwt/h

Guaifenesin 75 i.v. ----- Induction with GXK, followed
by XK CRI

Can be used to maintain
anaesthesia for 60–70 min

(Mama et al. 2005)
Xylazine 0.75 i.v.
Ketamine 2

X: 2–4 mg/kg bwt/h
K: 5–7 mg/kg bwt/h

i.v.
CRI
CRI

Xylazine 1.1 i.v. ----- Satisfactory anaesthesia (Fisher 1984)
Methadone 0.1 i.v.
Ketamine 2.2 i.v.

Xylazine 500 mg i.v. infusion ----- Maintenance of anaesthesia (Hubbell et al. 2012)
Midazolam 50 mg
Ketamine 2000 mg

In 1 l saline
Induction: 2.2 ml/kg bwt/h

Xylazine 1 i.v. ----- CRI for maintenance of
anaesthesia

May require supplemental
dose of K 0.2–0.4 mg/kg
bwt

Smooth recovery

(Hubbell et al. 2012)
Midazolam 0.1 i.v.
Ketamine 2.2

X: 0.96 mg/kg bwt/h
M: 0.12 mg/kg bwt/h
K: 1.8 mg/kg bwt/h

i.v.
CRI
CRI
CRI

CRI = constant rate infusion.
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in the study stood unassisted within 1 h following
discontinuation of the infusion (Mama et al. 2005).

In horses, the addition of butorphanol (Torbugesic1;
0.01–0.04 mg/kg bwt) enhances muscle relaxation and
analgesia when using a xylazine and ketamine combination.
Behavioural changes induced by butorphanol may be
breed-dependent. Central nervous system stimulation
characterised by hyperresponsiveness and spasmodic lip
movements were reported in excitable individuals after
butorphanol administration, whereas deep sedation and
ataxia were observed in a Belgian stallion (Tranquilli et al.
1983). For extremely painful procedures, methadone
(Methadone Hydrochloride)6, with and without acepromazine
(PromAce)7 was administered to enhance analgesia during
xylazine and ketamine anaesthesia (Parsons and Walmsley
1982; Fisher 1984).

Benzodiazepines such as diazepam (Diazepam
injectable)8 or midazolam (Midazolam injection)9 were
administered i.v. with ketamine for 20–25 min of anaesthesia
(Hubbell 2013). When diazepam is combined with xylazine and
ketamine, muscle relaxation is improved (Matthews et al.
1991b). Compared to guaifenesin, diazepam offers similar
central muscle relaxation but provides practical advantages
including availability in a commercial preparation, small
volume, and ease of administration (Brock and Hildebrand
1990). Xylazine, butorphanol, diazepam and ketamine
combinations can also be used to induce short-term
anaesthesia, particularly in horses less sensitive to a xylazine
and ketamine combination. Similarly, Temazepam (Restoril10;
0.044 mg/kg bwt), another benzodiazepine derivative,
was used to prolong the duration of anaesthesia induced
by xylazine and ketamine (Matthews et al. 1991a).
Luna et al. (1992) described the use of an i.v. infusion of
methotrimeprazine (Levomepromazine hydrochloride11

[0.5 mg/kg bwt]), midazolam (0.1 mg/kg bwt), 10%
guaifenesin (100 mg/kg bwt) with or without ketamine
(1.6 mg/kg bwt) to induce recumbency in 15 horses.
Anaesthesia was maintained with halothane in 100% O2.
Horses receiving ketamine required lower halothane
concentrations to maintain surgical anaesthesia.
Subsequently, standing recovery of these horses occurred
more rapidly than those that did not receive ketamine (Luna
et al. 1992). Hubbell et al. (2012) also reported the use of
midazolam, ketamine and xylazine in isotonic solution for total
i.v. anaesthesia (TIVA) in horses (Hubbell et al. 2012). For
surgical manipulation and injection of palmar digital nerves in
horses, xylazine (1 mg/kg bwt i.v.) for preanaesthetic sedation,
midazolam (0.1 mg/kg bwt i.v.) and ketamine (2.2 mg/kg bwt
i.v.) for induction of anaesthesia and continuous infusion of a
combination of midazolam (0.12 mg/kg bwt/h), xylazine
(0.96 mg/kg bwt/h) and ketamine (1.8 mg/kg bwt/h) for
maintenance were recommended. Approximately 67% of the
horses in that study required supplemental ketamine
(0.2–0.4 mg/kg bwt i.v.) to prevent movement during the
procedure (Hubbell et al. 2012). In foals premedicated with i.v.
diazepam or midazolam, with or without butorphanol or
morphine, TIVA can be maintained with ketamine, lidocaine
(Lidocaine HCl)5 and morphine. However, reduction of the
doses may be necessary to avoid accumulation of the drugs
with subsequent prolonged recovery following a long period
of infusion (Burns 2008).

Ketamine (1.5–2 mg/ml) can be added directly to a 5%
guaifenesin solution and the mixture administered as a rapid

infusion or it can be administered as a bolus (1.5–2.2 mg/kg
bwt i.v.) after administration of sufficient guaifenesin to
produce limb weakness. Following premedication with
xylazine and atropine (Atropine Sulfate)12, ketamine and
guaifenesin rapidly induced anaesthesia with good muscle
relaxation and analgesia followed by a smooth recovery in
foals. In these foals, the mean induction and maintenance
doses of ketamine were 2.3 and 12.1 mg/kg bwt/h,
respectively (Hikasa et al. 1989). In horses undergoing various
surgeries, infusions of guaifenesin (150 mg/ml) and ketamine
(6 mg/ml) were administrated to reduce the dose requirement
for halothane during anaesthesia. The infusion rate was
adjusted to effect with an average rate from approximately
0.5 ml/kg bwt/h initially to 0.17 ml/kg bwt/h at the end of
surgery. Infusion of guaifenesin and ketamine during
halothane anaesthesia reduced halothane MAC value to
0.6% as compared to 1.24% of those anaesthetised with
halothane alone. A greater stability of anaesthesia and
reduced need for dobutamine for treatment of hypotension
was reported in horses receiving guaifenesin and ketamine
(Spadavecchia et al. 2002).

Continuous infusion of a guaifenesin, ketamine and
xylazine combination (‘Equine Triple Drip’) is a safe and
effective technique to extend the duration of anaesthesia
following xylazine/ketamine induction in adult horses. This drug
combination is prepared by adding 500 mg xylazine and 2.0 g
ketamine to 1 l of 5% guaifenesin in dextrose (Greene et al.
1986; Lin et al. 1993). In ponies anaesthetised for 2 h with
‘Equine Triple Drip’, arterial blood pressures were transiently
decreased for the first 15–30 min after induction (Greene et al.
1986). Hypoventilation with mild hypercapnia was noted
throughout the study (Greene et al. 1986). In nonsedated
ponies and foals, anaesthesia can be induced with a rapid i.v.
injection of 1.1 ml/kg bwt of ‘Equine Triple Drip’. Anaesthesia
may be maintained by continuous i.v. infusion of 2–4 ml/kg
bwt/h to effect, depending on the anaesthetic requirement.
Standing recovery usually occurs within 25–30 min (Greene
et al. 1986; Benson and Thurmon 1990; Lin et al. 1993). An
α2-antagonist such as yohimbine (Yobine3; 0.125 mg/kg bwt)
or tolazoline (Tolazine3; 2–4 mg/kg bwt) can be administered
i.v. to hasten recovery (Benson and Thurmon 1990; Lin et al.
1993). In 1993, Young et al. reported the use of guaifenesin
(100 mg/ml), ketamine (2 mg/ml) and xylazine (1 mg/ml)
anaesthesia in horses undergoing various orthopaedic and
soft tissue surgeries (Young et al. 1993). Note that 10%
(100 mg/ml) of guaifenesin was used in that study rather than
the 5% solution described above. The average anaesthetic
infusion rate was 1.1 ml/kg bwt/h. The anaesthesia was
characterised by active palpebral reflexes, variable degrees
of nystagmus, occasional swallowing and ear movement.
Swallowing was considered undesirable in horses undergoing
laryngeal surgery but the infusion produced satisfactory
anaesthesia for all other procedures. When compared to
halothane anaesthesia, the arterial blood pressure was better
maintained (mean blood pressure of 70–110 mmHg) in horses
anaesthetised with a continuous infusion of this mixture.
However, the heart rate was significantly lower during infusion
anaesthesia than during halothane anaesthesia. This may be
attributed to maintenance of the blood pressure by ketamine
and the bradycardic effect of xylazine (Kerr et al. 1972). Less
respiratory depression was observed in horses receiving
infusion anaesthesia as reflected in lower PaCO2 and higher
PaO2 than those anaesthetised with halothane. Good
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recovery from infusion anaesthesia was observed in the
majority of the horses in that study with sternal recumbency
and standing occurring in 24 and 38 min, respectively (Young
et al. 1993).

Detomidine (Dormosedan)1 is approved for use in horses in
the United States as a sedative and analgesic. Short-term
anaesthesia in horses can be achieved with detomidine
followed in 6–8 min by ketamine (Clarke et al. 1986; Matthews
et al. 1991b). When compared with xylazine and ketamine
anaesthesia, detomidine and ketamine induce better muscle
relaxation but recovery can be unpredictable with this
combination. On occasion, horses and ponies experienced a
rough recovery in which several failed attempts to stand are
made. This rough recovery is believed to be caused by the
longer duration of sedation and muscle relaxation of
detomidine outlasting those of ketamine (Clarke et al. 1986;
Matthews et al. 1991b). Adding butorphanol (0.01–0.04 mg/kg
bwt) to detomidine and ketamine not only increased the
duration of recumbency but also improved the quality of
recovery (Matthews et al. 1991b). A combination of
guaifenesin (50 mg/ml), ketamine (2 mg/ml) and detomidine
(0.005 mg/ml) was used for castrating ponies. Ponies were
premedicated with 0.022 mg/kg bwt i.m. detomidine. Fifteen
minutes later, anaesthesia was induced and maintained with
the mixture. This combination produced good muscle
relaxation and analgesia with minimal cardiopulmonary
effects during surgery. Standing recovery occurred 25–40 min
after termination of infusion (Thurmon et al. 1991). In pregnant
pony mares, infusion of a mixture of detomidine (0.04 mg/ml),
ketamine (4 mg/ml) and guaifenesin (100 mg/ml) was used to
maintain surgical anaesthesia but 4 ponies required an
additional single dose of ketamine. These mares were
mechanically ventilated with 100% O2. Maternal arterial blood
gas values and pHa remained within normal ranges. The heart
rate was unaffected but the arterial blood pressure decreased
by 10% during infusion. Blood gas values from uterine venous,
fetal arterial and umbilical venous blood samples indicated
that uterine and fetal perfusion were better maintained with
this combination than with halothane. The quality of recovery
was good and the mares stood within 60 ± 28 min after
discontinuation of the infusion (Taylor et al. 2001).

Another α2-agonist, romifidine (Sedivet)7, has also been
combined with ketamine to induce short-term anaesthesia.
Kerr et al. (2004) reported that romifidine and ketamine
combination induced similar anaesthetic effects as xylazine
and ketamine combinations (Kerr et al. 2004). However, other
investigators indicated that romifidine and ketamine
combinations did not produce sufficient sedation and
muscle relaxation to provide satisfactory anaesthetic effects
(Hubbell 2013). Transient jaw tone, limb rigidity and mild
muscle tremors were commonly observed following the initial
induction period (Diamond et al. 1993; Taylor and Clarke
1999). Adding diazepam to the combination of romifidine
and ketamine improves the quality of induction and results in
better muscle relaxation. However, the duration of
recumbency is slightly shorter with the combination of
romifidine, diazepam and ketamine than with a xylazine and
ketamine combination (H.C. Lin, personal observation). In
horses sedated with romifidine (0.1 mg/kg bwt i.v.) or xylazine
(1.1 mg/kg bwt i.v.) followed by diazepam (0.04 mg/kg bwt
i.v.) and ketamine (2.2 mg/kg bwt i.v.) anaesthesia, lower
heart rates and arterial blood pressures, more severe and
longer lasting second degree atrioventricular blockade, and

longer duration of anaesthesia (20.8 ± 2.3 vs. 15.8 ± 1.6 min)
were observed in romifidine-sedated horses (Kerr et al. 1996).
A mixture of romifidine (20 mg), midazolam (15 mg) and
ketamine (500 mg) in 50 ml of saline has been used to induce
anaesthesia for castration. Horses were sedated with
romifidine and anaesthesia was induced with midazolam
and ketamine. A romifidine, midazolam and ketamine
mixture was then used to maintain anaesthesia during
castration. A third of the induction dose of midazolam and
ketamine was administered when spontaneous movement in
response to surgery occurred. Three horses required 6
additional doses of midazolam and ketamine to maintain
surgical anaesthesia of 25–40 min. Smooth recovery to
standing occurred in all horses within 24.6 ± 8.5 min after
surgery (Bouts et al. 2002).

The anaesthetic effects of medetomidine (Domitor)1

combined with midazolam and ketamine were studied in 14
horses. Immediately following induction of anaesthesia, the
anaesthetic mixture composed of medetomidine, midazolam
and ketamine was administered i.v. during castration. Total
duration of anaesthesia was 38 ± 8 min and horses stood
uneventfully at 33 ± 13 min (Yamashita et al. 2007).

Administration of 50–75 mg of ketamine was demonstrated
to produce effective standing restraint and analgesia in
sedated, colicky horses during preparation for surgery. This
technique is particularly useful in fractious horses that are
difficult to handle or those sensitive to hindlimb procedures
(Bohanon 2005). Use of low doses of ketamine by CRI for
long-lasting post operative pain management has been
studied in chronic pain conditions and variable results have
been reported. Matthews et al. (2004) and Branson (2011)
reported that in horses with osteomyelitis, laminitis and severe
burns receiving ketamine CRI (0.4–0.8 mg/kg bwt/h), effective
pain relief was observed (Matthews et al. 2004; Branson 2011).
However, other studies reported that a ketamine infusion rate
of 0.8 mg/kg bwt/h provided ineffective analgesia, resulted in
increased heart and respiratory rates. Signs of excitation were
observed when the infusion rate was increased to
1.5–1.6 mg/kg bwt/h (Fielding et al. 2006; Davis and Davis
2013). Other side effects such as muscle fasciculation were
also observed with ketamine CRI at a loading dose of
0.1–0.2 mg/kg bwt with infusion rate set at 0.5–1.0 mg/kg bwt/h
(Muir 2011). It seems that ketamine may not be an effective
analgesic on its own; however, it is very useful in a multimodal
approach for pain management. When combined with
tramadol (Tramadol hydrochloride)13 for 6 h pain relief in
horses with chronic laminitis, ketamine (0.6 mg/kg bwt/h)
enhanced the analgesic effect of tramadol (Davis and Davis
2013). Another popular combination (Trifusion) used for
perioperative analgesia in horses include morphine (loading
dose: 0.1 mg/kg bwt; infusion: 0.025 mg/kg bwt/h), ketamine
(infusion: 0.6 mg/kg bwt/h) and lidocaine (loading dose:
1.3 mg/kg bwt; infusion: 3 mg/kg bwt/h) (Abrahamsen 2009).
Acepromazine (0.002 mg/kg bwt/h) and detomidine
(0.0044 mg/kg bwt/h) have been used in a 5 drug
combination (Pentafusion) with the combination of morphine,
ketamine and lidocaine. The analgesic effect produced by
either Trifusion or Pentafusion has a slow onset of action.
However, once a peak analgesic effect is achieved, the
infusion rate of acepromazine and detomidine can be
decreased by 50% to minimise their effect on gastrointestinal
motility (Abrahamsen 2009). Table 1 summarises the use of
ketamine combinations for anaesthesia in horses.
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Donkeys and mules
Donkeys and mules are different in their response to
anaesthetic drugs in that they tend to metabolise anaesthetic
drugs faster than horses resulting in a shorter duration of
anaesthesia (Matthews and Taylor 2000; Matthews and VanDijk
2004). For example, mules tend to require higher doses of
xylazine (1.6 mg/kg bwt i.v.) or detomidine (0.03 mg/kg bwt i.v.)
to produce desirable sedation. In donkeys, especially
unhandled and miniature donkeys, satisfactory sedation
occurs when combining butorphanol (0.04 mg/kg bwt i.v.) or
diazepam (0.03 mg/kg bwt i.v.) with higher doses of xylazine or
detomidine (Matthews and Taylor 1992, 2000). Subsequent
administrationof ketamine (2.0–3.0 mg/kgbwt i.v.) canbeused
to induce short-term anaesthesia. However, rough recoveries
tend to occur when the ketamine dose is greater than
3.3 mg/kg bwt (Trawford 2000). A significantly shorter duration
of anaesthesia (14.7 ± 9.4 min) with xylazine, butorphanol and
ketamine in combinationwas observed inminiature donkeys as
compared to that of standard donkeys. Although this
combination induced recumbency, poor muscle relaxation
andan inadequateanaesthetic effectwere observed resulting
in vocalisation in 67% of the miniature donkeys in response to
surgery (Matthews et al. 2002). On occasion, standard doses of
xylazine, butorphanol and ketamine do not produce
satisfactory anaesthesia in donkeys and mules. Diazepam
(0.03–0.06 mg/kg bwt i.v.) or midazolam (0.06 mg/kg bwt i.v.)
can be added to improve muscle relaxation and enhance the
anaesthetic effect of xylazine, butorphanol and ketamine
combination. Detomidine (0.04 mg/kg bwt i.v.) followed by
ketamine (2.2 mg/kg bwt i.v.) provided approximately 10
additional minutes of anaesthesia than xylazine and ketamine
combination (Matthews et al. 1992).

‘Equine Triple Drip’ can be used to induce and maintain
longer durations of anaesthesia in these animals. However,
donkeys are more sensitive to guaifenesin and only require 60%
of the dose used in horses to induce recumbency (Matthews
and Taylor 2000; Matthews and VanDijk 2004). Nevertheless,
this combination is often given ‘to effect’ with close monitoring
and frequent adjustment of infusion rate of the mixture to
maintain adequate depth of anaesthesia. Because of the
sensitivity to guaifenesin5 of donkeys, a modified ‘Equine Triple
Drip’ containing 25 mg/ml (2.5%) guaifenesin, 1 mg/ml
ketamine and 0.5 mg/ml oxylazine has been used to prevent
accumulation of guaifenesin and prolonged recovery (Bidwell
2010). Alternatively, donkeys can be sedated with detomidine
(0.005–0.02 mg/kg bwt i.v. or i.m.) and methadone (0.1 mg/kg
bwt i.v.) and anaesthesia can be induced with midazolam
(0.06 mg/kg bwt i.v.) and ketamine (2.0–3.0 mg/kg bwt i.v.). A
mixture of detomidine (10 mg) and ketamine (1000 mg) in
500 ml of 10% guaifenesin can then be used to maintain
anaesthesia at 0.6–1 ml/kg bwt/h (Matthews and VanDijk
2004). Recovery in donkeys is usually gradual and smooth and
they tend to remain in sternal recumbency until they are ready
to stand unassisted. Mules have a temperament similar to
horses, thus, sedation and assistance is often required for
smooth and safe recovery (Matthews and Taylor 2000, 2002).

In donkeys, anaesthesia induced with romifidine
(0.1 mg/kg bwt i.v.), midazolam (0.1 mg/kg bwt i.v.) and
ketamine (2.2 mg/kg bwt i.v.) combination and maintained
with a continuous infusion of midazolam (0.065 mg/kg bwt/h)
and ketamine (6.6 mg/kg bwt/h) caused a mild but transient
(10–15 min) increase in respiratory rate and decrease in heart
rate (Amin et al. 2012a,b).

Draught horses
Similar anaesthetics and anaesthetic combinations used in
regular horses, donkeys and mules can be used in draught
horses. However, because of their slower metabolic rate, stoic
temperament and large body mass, drugs used for chemical
restraint and general anaesthesia tend to have enhanced
depressing effects and prolonged elimination in draught
horses. A 10–25% reduction in dosage is preferred when
sedating or anaesthetising these animals (H.C. Lin, personal
communication). Lower doses of xylazine (0.75–1.1 mg/kg bwt
i.v.) and ketamine (1.65–2.2 mg/kg bwt i.v.) have been used to
successfully produce a short duration of anaesthesia in
draught horses. Prolongation of anaesthesia can be achieved
by administering a half dose of each drug, which can be
repeated more than once if necessary. ‘Equine Triple Drip’ is a
better anaesthetic combination when good muscle
relaxation, excellent analgesia and longer duration of
anaesthesia are required. A combination of acepromazine
(0.33 mg/kg bwt i.v.), followed in 15 min by gravity-flow of
5–10% guaifenesin until ataxia is evident and then 2.2 mg/kg
bwt of ketamine administered i.v. has been used to induce
anaesthesia. However, the longer duration of ataxia
associated with this technique may increase the chance of
injury during induction of anaesthesia. Detomidine
(0.02–0.04 mg/kg bwt i.v.) followed in 15 min by ketamine
(2.2 mg/kg bwt i.v.) has also been used in draught horses.
Severe ataxia is a concern when these horses are recovering
from anaesthesia (Geiser 1992).
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Summary
Pruritus is a common complaint in equine medicine. While
pruritus in most horses is due to ectoparasites (midges, flies,
mites) or environmental allergens (pollens, barn dust, moulds,
etc.), other causes such as staphylococcal or fungal
infections, vasculitis, and internal organ dysfunction should not
be overlooked. In a rational approach to the pruritic horse,
history and physical examination become very important as a
guide to choosing diagnostic tests.

History
Most important historical information can be gleaned from the
following 6 questions:

Does the horse scratch (itch, self-bite, rub or lick)
excessively?
This may seem self-evident if a horse is presented for pruritus –
but in fact, there is a wide range of awareness among horse
owners if their horse is actually pruritic. This is usually dependent
on how much time during a week the owner spends with the
horse. If the horse is only ridden twice weekly, or the horse was
in training and just returned to the owner, any skin lesions on
the horse may not be immediately recognised by the owner as
due to pruritus.

What is the duration of the skin disease and is there
any seasonality?
Seasonal pruritus (due to insects or pollen allergies) is typically
more pronounced in the warm weather, whereas allergy due
to barn dust components may be more severe in the winter.
Similarly, photo-aggravated vasculitis may be more severe in
the summer. Of course, if the pruritus has been present for less
than a year, this information may not be available.

Did the lesions look different from how the horse
presents now (what is the progression of the lesions)?
Did any generalised alopecia occur in small areas, then
coalesce (such as would happen in a dermatophyte
[ringworm] or pyoderma), or did the alopecia occur all at
once, which is more suggestive of a drug reaction?

If a rash (papules/erythema) is present, it is helpful to
determine if the rash preceded the pruritus or if the pruritus is
only directed at the rash (i.e. is it a rash that itches
[ectoparasites, bacterial- or dermatophyte-caused folliculitis]
or an itch that rashes [allergies]). Not all horse owners will be
able to answer this detailed a question, however.

What medications have already been used? Did any
help (or worsen) the skin condition?
Ask if the owner has either kept a list or still has all bottles, vials
etc. of previously utilised drugs, including topical medications.

Remember that a statement like ‘antibiotics (or
corticosteroids, antihistamines, shampoos etc.) did not work’
means nothing without knowing what kind, what dosage, how
long a duration etc. Response of pruritus to corticosteroids
does not tell much, but failure of the pruritus to respond to
corticosteroids is suspicious of pyoderma, dermatophytes or
Chorioptes/Sarcoptes infestation. (Note: Sarcoptes infestation
has not been reported in horses in the USA in almost 100 years.)
Response to antibiotics usually typifies a pyoderma; however,
some clients regard all pills as ‘antibiotics’. In addition,
antibiotics are often given concurrently with corticosteroids
and the owner will neglect to mention this fact.

What is the horse’s environment?
This includes subsequent questions: Has the horse travelled out
of the immediate area? Are other animals (or the
owners/trainers) affected? Involvement of other animals or
people obviously points towards contagious diseases (such as
dermatophytes). However, lack of disease in other mammals
does not necessarily rule this out.

What is the horse’s diet?
While food allergy is very rare in horses (the author has only
diagnosed this 4 times in the past 34 years), horses on a poor
plane of nutrition may be more susceptible to infectious
agents such as pyoderma, dermatophytes and lice. Also, the
possibility of ingestion of plants containing potential liver toxins
or photodynamic agents should be investigated. Note: the
most pruritic horse the author has ever seen was one with
end-stage liver disease (see Video S1).

Physical examination
When examining a horse for pruritus, the 2 main questions to
answer are: What are the lesions? and Where are the lesions?

Primary lesions are defined as those that arise
spontaneously as the result of the disease process: examples
are papules, pustules, wheals, tumours and nonpruritic
alopecia. Secondary lesions are those that arise from primary
lesions due to pruritus or movement of the horse. These include
ulcers, alopecia secondary to pruritus, etc. Some lesions may
be either primary or secondary, such as scale or crust.

Lesions
Papules: are usually indicative of an allergic reaction and/or
ectoparasite envenomisation (i.e. bites or stings).

Epidermal collarettes: These circular areas of scale are often
over-looked, these are the ‘remains’ of a pustular disease,
usually pyoderma, rarely a drug reaction or pemphigus
foliaceus.

Urticaria (aka hives, wheals): is usually due to:
1) ectoparasites or a hypersensitivity to their bites or stings;
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2) atopic dermatitis (environmental allergy); or 3) drugs. Less
commonly urticaria may be caused by vasculitis (including
purpura haemorrhagica), dermatophytes, or pemphigus
foliaceus. Note: it is important to remember that urticaria due
to any of these diseases is not always pruritic.

Scales and crusts: when focal, pyoderma or dermatophytes.
When more generalised, pemphigus foliaceus or equine
sarcoidosis (these latter 2 diseases are often not pruritic).

Ulcers/scaling on white pigmented areas: photosensitivity,
photo-aggravated (aka pastern leucocytoclastic) vasculitis.

Alopecia. When a horse is pruritic, this can be caused
by almost any disease. However, circular areas of alopecia
are suggestive of a folliculitis, such as pyoderma or
dermatophytes.

Lesion location
Ventral midline dermatitis: if linear or widespread, Culicoides or
black flies (Simulium sp.). If focal, horn fly (Haematobia sp).
Rarely, Chorioptes mites.

Distal limbs: vasculitis (may be seen in pigmented as well as
nonpigmented skin), Chorioptes mites. Rarely, contact allergy,
atopic dermatitis, dermatophytes.

Face: atopic dermatitis, black flies (especially between rami of
mandible), stable flies (Stomoxys calcitrans).

Trunk pyoderma: dermatophyte, vasculitis, atopic dermatitis,
lice, chiggers (Trombiculids), food allergy.

Dorsal trunk: Culicoides (may be confined to just mane and
tail).

Cranial trunk stable flies (Stomoxys calcitrans).

Caudal trunk (‘tail-rubbers’): Culicoides, pinworms (Oxyuris sp),
atopic dermatitis, yeast (Malassezia spp.: these may be
between the mammary glands of mares or the preputial fossa
of males but the pruritus evident by tail rubbing). Rarely food
allergy.

Pruritic diseases

Ectoparasites
Culicoides species (‘no-see-ums’, midges, gnats) may feed
either on the dorsal or ventral surfaces of the horse, affecting
the mane, saddle and rump, or cause a ventral midline
dermatitis (the latter in a diffuse pattern; Fig 1). Papules, crusts
and alopecia are found at these body locations. The adult
gnats are 1–4 mm. The Culicoides’ bites induce a
hypersensitivity response via salivary antigens (Wilson et al.
2008); this condition is termed Culicoides hypersensitivity,
Queensland itch, sweet itch etc. There is evidence that a
hereditary predisposition to develop the hypersensitivity
occurs. While there are a number of species of Culicoides, the
2 most commonly suspected of causing the allergic response
are C. variipennis and C. nubeculosis.

A number of studies haveattempted todefine the nature of
the hypersensitivity response. One study (Wilson et al. 2001)
found serum antibodies toCulicoides salivary gland antigens in

both healthy horses exposed to Culicoides bites and in horses
with insect ‘dermal’ hypersensitivity. In contrast, no antibodies
weredetected in serum fromnative Icelandic horseswhichhad
not been exposed to Culicoides. Another study confirmed the
presence of certain subclasses of IgE and IgG antibodies to
various salivary protein extracts of C. nubeculosis in European
horses (Hellberg et al. 2006). Further evidence for a
hypersensitivity response was demonstrated in a study in which
intradermal injection of aCulicoides antigen extract induced T
lymphocyte and eosinophil accumulation in the skin of
affected horses (McKelvie et al. 2001).

While no sex predisposition has been noted, Icelandic
horses may have a higher incidence of allergic reactions to
the Culicoides insects than other breeds. The disease is quite
uncommon in horses younger than one year, with an onset
usually at age 2–4 years. Culicoides hypersensitivity may be
seasonal, at least during the first few years in temperate
climates. Diagnosis is primarily by clinical signs; commercially
available Culicoides antigens are available in the USA1; their
efficacy in both diagnosis and treatment is still being
evaluated (Kolm-Stark and Wagner 2002). However, a study in
Europe showed that intradermal testing and histamine release
tests were more accurate than serological testing for
antibodies to salivary proteins of C. nubeculosus and
C. sonorensis (Langner et al. 2008).

Therapy is aimed at insect control, especially:

1. Stabling horses at sunrise and sunset – peak feeding hours.
2. Ultrafine setting or screens placed in windows (60 squares to
the square inch).

3. Fly control, especially keeping horses away from standing
water and the use of permethrin repellent products on the
animal. Usually these are 2% permethrin sprays, but 44–65%
permethrin spot-on formulations, marketed for dogs (and
thus used off-label) have been used successfully as well.
Sprays must frequently be applied more often than the
label recommends (i.e. daily, at least at first.) The author
has had some success using a nonpesticide product
available as either a spray or a stick ‘roll on’ (Shield and
Sheen)2.

4. Overhead or stall fans (draughts interfere with the insects’
flight).

5. ‘Dresses’ that physically obstruct the insects from reaching
the skin.

Fig 1: Crust and alopecia on ventral midline due to ventral-feeding
Culicoides in an 8-year-old Quarter Horse gelding.
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6. Allergen specific immunotherapy (hyposensitisation) is
controversial; success may vary with the presence of an
adjuvant, or the actual antigen used.

7. Prednisolone (1 mg/kg bwt orally to effect, then taper) to
manage the pruritus

8. Occasionally, topical medications may be helpful. Those
reported as being effective in reducing the pruritus are
oatmeal-based shampoos or washes, and 2 corticosteroid
sprays: Genesis Spray (0.015% triamcinolone acetonide)3

and Cortavance Spray (0.0584% hydrocortisone
aceponate)4.

The author has not found antihistamines to be of
substantial benefit in treating pruritus due to insect bites. In the
UK an oral product containing niacinamide, accompanied by
a aloe-containing gel (Cavalesse, fidavet)5 is available for the
treatment of ‘summer itch’. The author has no experience with
this product.

Other flies such as stable fly (Stomoxys calcitrans) 6–8 mm;
horn fly (Haematobia sp.) 3–4 mm; horse fly (Tabanus sp.) and
deer fly (Chrysops sp.) as long as 25 mm; and black fly
(Simulium sp.) 1–5 mm, often cause a pruritic dermatitis in
horses. Stomoxys calcitrans has been reported to cause an
exudative dermatitis on the legs of mature horses (Yeruham
and Braverman 1995). Fly control and good sanitation (stable
flies lay eggs in rotting vegetation, and horn flies lay eggs
in faeces) are important control measures. Stable flies ‘like’
sunlight, whereas horn flies do not. Horn flies may produce a
focal pattern of ventral midline dermatitis. The use of parasitic
wasps (Fly Predators)6 has been recommended as a way to
control stable, horn, house and other flies.

Simulium spp. (black flies) occur in practically all parts of
the world especially in regions with warm climates. The flies
are dark coloured, vary in length from 1–5 mm, and have a
rather characteristic appearance with the thorax humped
over the head. They are thus often referred to as buffalo
gnats. The flies are most active in the morning and late
afternoon causing considerable annoyance and irritation.
The females suck blood and produce small skin wounds that
are quickly covered with droplets of dried blood. The usual
sites include the udder, scrotum, prepuce, inner surface of
the thigh and upper forelimbs, throat, ears, ventral abdomen,
chest, and natural body orifices. It is likely that various species
of black fly have a favoured site on which to feed. Black flies
may produce a generalised pattern of ventral midline
dermatitis. Urticaria and angioedema may be a prominent
sign when larger numbers of flies attack an animal. There
may be considerable pruritus leading to excoriation. It seems
likely that a hypersensitivity reaction plays a role in the
pathogenesis of the skin lesions. Generalised signs only occur
when large numbers of flies attack an animal and are
evident either immediately or within a few hours of the
attack. Affected animals are weak and listless with a rapid
pulse and respiration rate. The body temperature is normal or
subnormal; elevation appearing only in cases that are
advanced or terminal. Pregnant animals may abort. In
severe cases death may occur within a few hours to several
days.

Horse and deer fly bites are usually swellings with a centre
of blood or haemorrhagic crust, whereas the swellings caused
by mosquito bites lack the centre of blood or crust.

Treatment of the skin lesions is entirely symptomatic. The
affected areas should be gently cleansed to remove the

crusts. If the skin lesions are confined to a small area, a topical
corticosteroid preparationmay be applied twice daily until the
pruritus is controlled, at which time the frequency of
application may be reduced. If large areas of skin are involved
or the pruritus is intense, a short course of oral prednisolone
(1 mg/kg bwt/day × 1 week, then 1 mg/kg bwt q. 48 h × 2
weeks) is indicated. A major objective should be the
prevention of further fly bites. As simulids are primarily daytime
biters, horses should be stabled during the day preferably in
screened stalls. Insect repellents should be applied especially
to sites of predilection.

It is important to remember the relationship of these various
insects to the environments they favour/require for breeding
and when they feed:

Horse flies,
deer flies

vegetation and water daytime feeders

Horn flies cattle daytime feeders
Stable flies rotting vegetation daytime feeders
Black flies running water morning and

evening
Culicoides standing water,

manure/vegetation
twilight to dawn

Mosquitoes water dusk to 2 h
past sunset

Chorioptes mites are most frequently found on the lower limbs
(pasterns, fetlocks) of draught type breeds. This predisposition
seems to be inherent in these breeds, not merely because of
the long ‘feathers’ present on the legs. Pruritus is the hallmark
of this disease, with secondary crusts and alopecia (Fig 2). The
mites live on the skin, and are not always as easy to find with
skin scrapings as the literature would suggest. Numerous
scrapings may need to be performed, and the clinician should
not hesitate to treat the horse on a presumptive basis if the
clinical signs are suspicious. These are relatively large mites
(0.3–0.5 mm) and, if present, can often be found using the 4×,
and certainly the 10× power objective. Treatments reported as

Fig 2: Crust, lichenification and erythema caused by Chorioptes
infestation in a 13-year-old Shire gelding.
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effective include: ivermectin 0.2 mg/kg bwt orally q. 14 days
for 6 weeks; doramectin (Dectomax)7 0.3 mg/kg bwt subcut.
q. 14 days × 2; topical lime sulfur (LimePlus Dip)8, 1 cup to 1
gallon of water q. 48 h for 6 weeks, or 50 ml in one litre q. 7 days
× 4; or topical fipronil (Frontline)9 spray (Littlewood et al. 1995;
Littlewood 2000; Rendle et al. 2007; Paterson and Coumbe
2009). A 500 ml bottle of fipronil is sufficient to treat the legs of
one horse; the clinician must spray to dampen haircoat and
skin from elbow and stifles down, and treat affected cases
twice at a 3–4 week interval (this can be expensive).
Regardless of the treatment used, there is a high risk of
asymptomatic carriers, so all in-contact horses should be
treated at least once. The environment should be thoroughly
cleaned as well, as the mites have been reported to survive off
the horse. A study showed efficacy using a single dose of
moxidectin 2% oral gel (Quest)10 at the manufacturer’s
recommended therapeutic dose of 0.4 mg/kg bwt (Osman
et al. 2006).

Lice (biting lice: Damalinia equi, Werneckiella equi equi;
sucking louse: Haematopinus asini) may cause pruritus. These
wingless insects (3–6 mm) typically cause a winter problem
due to the close confining of a number of horses in less than
ideal sanitary conditions. As the lice numbers increase, the
pruritus increases as well. Diagnosis is usually by finding the lice
or the lice eggs (nits; 1–2 mm long) on the horse; these can
often be identified on visual inspection, although a magnifying
glass may be helpful. Sucking lice tend to be stationary,
whereas biting lice tend to be mobile. D. equi has been
reported as preferring the dorsolateral trunk, whereas H. asini
favours the mane, fetlocks and tail. Topical lime sulfur,
permethrin or fipronil, or oral ivermectin, should be effective;
some clinicians feel that ivermectin is not as successful in the
treatment of the biting lice. All in-contact horses should be
treated.

Trombiculidiasis (‘chiggers’) is an occasionally encountered
parasitic skin disease of animals and man. There is a definite
geographic distribution of the parasite. The aetiological
agents are the larval forms of Eutrombicula alfreddugesi (North
America) or Neotrombicula autumnalis (Europe). The adult
stage is a parasite of vegetation. The 6-legged larval form
(0.2–0.4 mm) requires a blood meal to complete the life cycle.
The larvae attach to the horse’s skin, take a blood meal
and then fall off after 48–72 h. The disease occurs in the
late summer, autumn and early winter, and is primarily
associated with ‘undeveloped’ pastures and fields of natural
vegetation.

The lesions occur on the face, sides of the neck and thorax,
and the extremities. The lesions, 1–2 mm crusts, can be
palpated better than they can be seen. If these crusts are
removed there is frequently a small amount of underlying
suppuration. The disease in the horse is variably pruritic, with
self-rubbing, stamping and, rarely, head shaking reported
(Mair 1994). With diligent searching, the larvae, which are
bright orange or red in colour and measure approximately
0.2 mm in diameter can usually be seen with the naked eye in
the centre of some of the lesions. Frequently most of the larvae
have dropped off by the time the animal is presented for
examination. Finding the minute brightly coloured larvae is
diagnostic. Treatments are similar to those for lice (with some of
the same controversy of efficacy attached to the use of
ivermectin).

Oxyuriasis refers to the infection of horses with the nematode
parasite Oxyuris equi (‘pinworms’). The primary pathological
effects of this nematode are cutaneous rather than internal.
The adults are free-living in the caecum and colon, apparently
feeding only on faecal material. Following fertilisation, the
females migrate to the rectum and then through the anal
sphincter to deposit ova in the perineal area. The eggs are
‘cemented’ together in yellowish-white gelatinous masses. The
ova develop rapidly and contain infective larvae within 3–5
days. Infection of horses occurs when ova containing infective
larvae are ingested. Further development takes place in the
large intestine and the parasites reach sexual maturity after 5
months.

The adult parasites are not usually a problem. However, the
gelatinous material holding the clusters of eggs together is
highly irritating and results in intense pruritus in the anal region.
Affected animals are constantly rubbing at the base of their
tail in an effort to relieve the anal pruritus. The hairs become
broken leading to alopecia in the region (‘rat tail’
appearance). In severe cases erosions and ulcerations of the
tail head develop. Oxyuriasis should be a consideration in the
differential diagnosis of a ‘tail rubber’. Horses with oxyuriasis rub
only at the tail region; thus this diagnosis should not be
considered in horses rubbing at both the tail andmane regions
(which is more likely Culicoides hypersensitivity). A clear
acetate (‘scotch’) tape impression smear of the perineal
region is used to demonstrate the ova; the sticky side is placed
down on a glass slide that has been coated with mineral oil.
The ova are elongated, slightly flattened on one side,
provided with a plug at one pole and measure about 42 ×
90 μm. Pyrantel pamoate is usually effective as an
antihelmentic, although both ivermectin andmoxidectin have
also been used.

Allergies
Atopic dermatitis is probably more common than reported. It
may be seasonal or in California, often year round. Urticaria,
urticaria with pruritus or pruritus alone are the 3 common
presentations, in that order (Fig 3). Pruritus most commonly
affects the face and trunk. Seasonal signs would be most
consistent with allergy to pollens; year-round signs would be
more consistent with an allergy to moulds or barn dust, or a
food allergy (but food allergies affecting the skin are very rare
in horses).

Fig 3: Atopic dermatitis causing urticaria and facial pruritus in an
8-year-old mix-breed mare.
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Diagnosis of atopic dermatitis is based on clinical signs and
the exclusion of other diagnoses (especially Culicoides
allergy). Horses may have a secondary bacterial infection
(pyoderma), typified by excess scale, particularly in the shape
of a circle (epidermal collarettes). Intradermal tests or serum
allergy tests may be performed to identify allergens that may
be used for allergen-specific immunotherapy (ASIT; aka
hyposensitisation or ‘allergy shots’). Horses with atopic
dermatitis and recurrent hives generally have a higher
incidence of positive reactions than healthy horses, but the
diagnosis (as in other species) cannot solely be made on the
basis of the intradermal test or serological testing alone (Lorch
et al. 2001a,b,c). The testing should be interpreted in light of
the history of the disease and used to determine which
allergens might be useful in ASIT, should the owners elect that
route of treatment.

Medical therapymay include corticosteroids; prednisolone
(1 mg/kg bwt q. 24 h, then taper), or dexamethasone
(0.05–0.01 mg/kg bwt q. 24 h, then taper) are the most
commonly used. Prednisolone seems to be better absorbed
orally in horses than prednisone (Peroni et al. 2002). The
injectable dexamethasone solution may be used orally,
although the bioavailability is 60–70% of the injectable route.
Antihistamines are sometimes quite effective: hydroxyzine
pamoate (0.4–0.8 mg/kg bwt t.i.d. or b.i.d.), cetirizine
(0.4 mg/kg bwt b.i.d.) or doxepin (a tricyclic antidepressant
with antihistaminic effects – 0.6 mg/kg bwt b.i.d.).
Antihistamines rarely cause either drowsiness or excitability in
horses, although the author has seen this in <5% of horses
receiving these drugs. The commonly used antihistamine
pyrilamine maleate (Tri-Hist Granules)11 has been shown to
have poor bioavailability when given orally in the horse, but
detectable in the urine up to one week after a single dose,
which may present difficulties with withdrawal times (Dirikolu
et al. 2009).

Some clinicians have noted improvement when an
essential fatty acid product (Platinum Performance)12 is
added to the feed in some atopic horses as an adjunctive
treatment. Urticaria, secondary to atopic dermatitis, may be a
familial problem in some horses (Rees 2001). Topical
corticosteroids products as noted above with Culicoides
hypersensitivity are sometimes useful.

Atopic dermatitis has been successfully managed with
allergen-specific immunotherapy, with horses showing
improvement as early as 2 months into treatment (Rees 2001;
Stepnik et al. 2012). However, a full 12 months of ASIT should be
given before fully evaluating its effectiveness, and
veterinarians should maintain consistent communication with
the client to monitor the progress of the treatment and to
encourage the owner to continue with the injections for the full
year. While in other domestic species it is thought that most
patients will need to be maintained on the injections for life,
this may not be true in the horse, as some horses had the ASIT
injections stopped and did not relapse (Stepnik et al. 2012). In
general, approximately 70% of atopic horses improve with ASIT
(Stepnik et al. 2012); other researchers have reported even
better results, albeit in a noncontrolled report (Tallarico and
Tallarico 1998).

Food allergies
Substantiated food allergies that both resolve on a
‘hypoallergenic diet’ and recur upon re-challenge are very
uncommon in the horse (or other herbivores). Reported clinical

signs are pruritus and urticaria. Age of onset and distribution of
lesions are not well reported. It is uncertain how often
cutaneous signs of food allergy in a horse is associated with
gastrointestinal signs. Food allergy is best diagnosed by limiting
the diet to one foodstuff for at least 4 weeks. Most authors
prefer oat hay or beet pulp. Products with barley should be
avoided due to a high predilection to induce founder. If the
lesions and pruritus resolve during this trial, after documenting
recurrence upon re-challenge, various foodstuffs may be
added weekly, one at a time, to determine the offending
allergen.

Contact allergies
These may be deduced via history, and if a liquid is involved,
having lesions with gravity-induced ‘drip signs’. A complete
history is very important, as owners may not always remember
(or care to admit) home remedies they have applied to the
skin. Treatment is discontinuing the offending contactant. In
addition, corticosteroids or pentoxifylline (10 mg/kg bwt,
2–3×/24 h) may be helpful. Remember that bedding,
especially with wood chips, can be a contact allergen
(Campagnolo et al. 1995).

Urticaria
Among all the species of domestic animals, the horse has the
greatest prevalence of urticaria. It should be stressed that
urticaria is not a specific disease entity. Rather, it is a skin lesion
or reaction pattern that may have differing aetiologies and
pathogenesis. The characteristic lesion is a wheal: a flat
topped papule/nodule with steep walled sides. It is the result of
localised transient oedema of the dermis. Many wheals have a
slightly depressed centre giving them an annular
configuration. The onset of the lesions is acute to peracute
with the wheals developing within a few minutes to a few
hours. The size of the individual wheals can vary considerably.

The diagnosis of urticaria is usually based on the acute
onset of characteristic multiple lesions. If in doubt about the
character of the lesions, the most important criteria is that they
‘pit’ on pressure. Of great importance is trying to determine
the cause of the urticaria via the medical history. A complete
drug history is mandatory especially regarding medications
that have been given in the previous 2 weeks. In addition to
drugs, an attempt should be made to associate the onset of
urticaria to other events (especially in recurrent/chronic cases)
such as exercise, cold weather etc.

Treatment of urticaria in the horse is thus based both on
determining the underlying cause, and using the same
medications as noted for atopic dermatitis.

Infections: bacterial
Bacterial folliculitis (other than dermatophilosis) is usually
caused by a coagulase-positive Staphylococcus spp. Both
S. aureus and S. intermedius have been isolated (Scott and
Manning 1980; Shimizu et al. 1991; Chiers et al. 2003). In one
study, S. aureus accounted for twice as many isolates as S.
intermedius; this study also isolated some strains of S. hyicus
(Chiers et al. 2003). Interestingly, in another study, lysozymes
from equine neutrophils were only slightly bactericidal for
S. aureus (Pellegrini et al. 1991). Many isolates are resistant to
penicillin G (Chiers et al. 2003). Occurrence of pyoderma has
been linked to poor nutrition and husbandry in some cases
(Inokuma et al. 2003). More recently, the staphylococcal
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Getting a fl u shot each year is second nature for most 
people. Although it has been thought of as a risk-based 
vaccine for horses, it’s really one that shouldn’t go over 
looked. As human infl uenza fl ooded the news in late 2014, 
we took a closer look at what makes some equine infl uenza 
vaccines work better than others.

Not your grandpa’s fl u strain
Infl uenza viruses, human and equine, change as time 
goes by through a process called antigenic drift. Infl uenza 
vaccines need to be constantly updated to refl ect this 
change in the circulating viruses. 
Antigenic drift occurs in both human and equine infl uenza, 
and different organizations work to prevent fl u out breaks 
by determining the current circulating viruses and then 
recommending what strains should be included in vaccines. 
For humans, the Center for Disease Control (CDC) predicts 
strains that will be circulating in the next fl u season. 
However, because of antigenic drift, there is occasionally 
a new strain circulating that was not included the year’s 
vaccine. So was the case late last year when the CDC 
announced the 2014 infl uenza vaccine would not be as 
effective against the current fl u strains. 
For horses, the World Organization for Animal Health 
(OIE) has an Expert Surveillance Panel on Equine Infl uenza 
consisting of globally recognized infl uenza researchers. 
Their recommendation, based on monitoring infl uenza 
viruses and antigenic drift, includes vaccinating for Florida 
Clade 1 and Clade 2 strains of the equine infl uenza virus.

Outdated vaccines put horses at risk
If your infl uenza vaccine doesn’t include the Florida Clade 
1 and Clade 2 strains, it’s outdated and your horse is not 
getting full protection. An outdated vaccine can put your 
horses at risk by:
•  Viral shedding. Even if your horse does not get visibly 

sick, it can shed the virus to other horses as much as an 
unvaccinated horse. 

•  A lower level of protection. An outdated vaccine is less 
effective than one containing currently circulating strains. 

Boehringer Ingelheim Vetmedica Inc. is the only vaccine 
manufacturer that has followed OIE’s recommendation to 
include both Florida Clade 1 and Clade 2 equine infl uenza 
strains in their vaccines. The Vetera® XP vaccine line 
provides direct antibody protection from the most recent 
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species S. pseudintermedius and S. delphini were cultured
from a skin lesion of a horse (Devriese et al. 2005). Recent work
would tend to suggest that what was previously termed S.
intermedius is more correctly identified as S. pseudintermedius,
and that S. delphini may be the most common
staphylococcus species isolated from horses.

Clinical signs of staphylococcal pyoderma are most often
crusts, usually in a circular pattern suggestive of
dermatophytosis (this may be the reason that equine
pyoderma is under-diagnosed), epidermal collarettes (circular
skin lesions with an exfoliative border as seen in dogs with
superficial pyoderma) or encrusted papules similar to the
miliary dermatitis reaction pattern in cats (White 2005; Fig 4).
These infections tend to be variable in their intensity of pruritus.
Histology usually shows folliculitis and/or furunculosis, but
bacterial colonies are not always seen (Scott and Manning
1980). A truncal form of bacterial folliculitis (contagious acne,
contagious pustular dermatitis, Canadian horsepox) is often
associated with poor grooming and trauma from tack and
saddle, warm wet weather and heavy work. It is painful and
interferes with working and riding. It is usually caused by a
coagulase positive Staphylococcus species but may also be
caused by Corynebacterium pseudotuberculosis (Scott and
Manning 1980; Heffner et al. 1988) although this organism is
more commonly a cause of deep pyoderma. Folliculitis often
develops in the saddle and lumbar region, particularly in the
summer. The affected area initially may be swollen and very
sensitive; this is followed by formation of follicular papules and
pustules. These may become confluent or rupture, forming
plaques and crusts. Staphylococcal pyoderma of the tail has
been linked to pruritus due to an underlying hypersensitivity,
ectoparasites, or abnormal behaviour (Scott and Miller 2011).

Another presentation is pastern bacterial infection (pastern
folliculitis). Again, the causative agent is usually a
coagulase-positive Staphylococcus species. The lesions are
usually limited to the posterior aspect of the pastern and
fetlock regions; one or more limbs may be involved. The initial
lesions consist of papules and pustules. If left untreated, the

lesions coalesce and may produce large areas of ulceration
and suppuration, which may be quite painful. The disease is
usually not associated with systemic signs and the general
health of the horse is not affected. Important differential
diagnoses are vasculitis, dermatophytosis, photosensitisation
(in white-coloured legs), chronic progressive lymphoedema (in
Belgians and other draught breeds), pemphigus foliaceus and
chorioptic mange.

Both methicillin-resistant, coagulase-negative
staphylococci and coagulase-positive staphylococci (usually
Staphylococcus aureus) have been cultured from horses
worldwide (Yasuda et al. 2000; Busscher et al. 2006; Vengust
et al. 2006). On occasion the same strain of methicillin-resistant
S. aureus has been cultured from both horses and veterinary
personnel (Weese et al. 2005a,b, 2006). A complete discussion
of the zoonotic potential of staphylococci is beyond the
scope of this article; the reader is referred to the cited
references.

The antibiotic usually used for many bacterial skin
infections in the horse is trimethoprim-sulfa per os (30 mg/kg
bwt q. 12 h for 2–6 weeks, longer for deep infections) (White
2005). Interestingly, dosing intervals for i.v. administration of
trimethoprim-sulfamethoxazole in horses may not be
appropriate for use in donkeys or mules. Donkeys eliminate the
drugs rapidly, compared with horses (Peck et al. 2002).

In cases of Staphylococcus sp. resistance to TMS,
enrofloxacin (Baytril)10 or doxycycline may be used.
Doxycycline is less expensive, but associated with a higher
incidence of colic. Dosage is usually 10 mg/kg bwt q. 12 h
although a more recent report suggests that 20 mg/kg bwt q.
24 h may also be used (Davis et al. 2006).

Off-label usage of the oral enrofloxacin formulations for
poultry, ruminants or swine has been suggested; a dose for the
poultry formulation has been suggested as 7.5 mg/kg bwt per
os once daily. These formulations are not available in all
countries. Use of enrofloxacin in young horses (age <2 years)
should be avoided, due to concerns of damage to the
articular cartilage (Egerbacher et al. 2001). A report of the
usage of an oral gel formulation of enrofloxacin (100 mg/ml of
gel) showed good clinical efficacy for infections in several
organs; however, almost one-third of the horses had some
diarrhoea, and 10% developed oral lesions. The article stated
that this latter side effect could be overcome with following
administration with a tap water rinse of the oral cavity (Epstein
et al. 2004). However, the author has seen oral lesions and a
swollen tongue, suggestive of a contact reaction, develop in a
horse that was receiving the oral water rinse.

Ceftiofur sodium (Naxcel)7 2.2 mg/kg bwt, q. 12–24 h, i.m.
or i.v., may also be used, although its usefulness over a long
period is limited by its parenteral route.

For localised lesions, mupirocin ointment (Muricin)8 or silver
sulfadiazine cream (Silvadene)13 may be effective. As
shampoos, ethyl lactate (Etiderm)3 or chlorhexidine-tris-EDTA
(4%; TrizChlor4)8 are helpful. Recently, a gel with 0.4%
stannous fluoride (MedEquine Gel)14 was reported as resolving
bacterial skin infections in horses (Marsella and Akucewich
2007). Topical fusidic acid, not available in the USA, has also
been used.

Infections: fungal
Dermatophyte infections, like pyoderma, can be variably
pruritic. The most common equine dermatophyte

Fig 4: Circular alopecia with crusting due to Staphylococcus
aureus infection in a 16-year-old Quarter Horse gelding.
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species isolated from horses are Trichophyton equinum,
Microsporum equinum, Trichophyton mentagrophytes,
Trichophyton bullosum and Trichophyton verrucosum (Scott
and Manning 1980; Kane et al. 1982; Scott 1994; Gräser et al.
2000; Chiers et al. 2003; Sitterle et al. 2012). Tack (bridles,
halters, saddle blankets) often act as fomites. The lesions
usually appear first on the axillary/girth area and may spread
over the trunk, rump, neck, head and limbs. Initial lesions may
be urticarial in nature progressing to multiple focal sharply
demarcated scaling, crusting areas. These may progress to the
development of thick crusts, or more generally a diffuse
moth-eaten appearance with desquamation and alopecia.
Less commonly, deeper structures are infected through the
hair follicles causing small foci of inflammation and
suppuration. Rarely, dermatophytosis may be limited to the
coronary band.

Diagnosis is by fungal culture; biopsy is less reliable
(Trichophyton species may cause acantholysis, mimicking
pemphigus foliaceus on histopathology) (Scott 1994). Hair is
the specimen most commonly collected for the isolation of
dermatophytes. Using forceps, hairs should be selected
that appear stubbled and broken, especially at the
advancing periphery of an active, nonmedicated lesion. In
addition, surface keratin may be gathered by forceps or skin
scrapings from similar areas and inoculated onto the culture
medium.

The hair and surface keratin of large animals have
large numbers of saprophytic fungi and bacteria. Hence,
it is recommended by some clinicians to cleanse the skin
prior to taking samples for culture. This may be done by
gently cleansing the area to be sampled with water, and
allowing it to air dry, although the author does not routinely
do this.

Sabouraud’s dextrose agar has been used traditionally in
veterinary mycology for isolation of fungi; however, other
media are available with bacterial and fungal inhibitors, such
as dermatophyte test medium (DTM). DTM is essentially
Sabouraud’s dextrose agar containing cycloheximide,
gentamicin, and chlortetracycline as antifungal and
antibacterial agents and to which the pH indicator phenol red
has been added. Dermatophytes utilise protein in the medium
first, with alkaline metabolites turning the medium red. Most
other fungi utilise carbohydrate first, giving off acid
metabolites, which do not produce a red colour change.
These saprophytic fungi will later use the protein in the
medium, resulting in a red colour change. However, this usually
occurs only after a prolonged incubation (10–14 days or
more). Consequently, DTM cultures should be examined daily.
Some Aspergillus species and others cause a red colour
change in DTM, so microscopic examination is essential to
avoid an erroneous presumptive diagnosis. It has been
recommended that one or 2 drops of a sterile injectable B
complex vitamin preparation be added to culture plates
when culturing horses, as one strain of T. equinum (T. equinum
var. equinum) has a unique niacin requirement. Skin scrapings
and hair should be inoculated onto Sabouraud’s dextrose
agar and/or DTM and incubated at 30°C with 30% humidity. A
pan of water in the incubator will usually provide enough
humidity. DTM may be incubated for 21 days, but cultures on
Sabouraud’s agar should be allowed 30 days to develop. The
author has used a product which has DTM on one side and
rapid sporulating media (RSM) on the other, with a well of
water in the centre (DermDuet)15. It is routinely incubated at

room temperature. T. verrucosum has been reported not to
grow on DTM (Scott and Miller 2011).

Topical treatment alone is often curative. While 50%
captan (2 tablespoons of the powder in 1 gallon of water) has
been touted in the past, and while certainly safe for tack, its
effectiveness has been questioned. Lime sulfur (LimePlus Dip)8

1 cup to 1 gallon of water, or bleach 1:10 with water, are both
effective, but messy and odiferous. Miconazole or
ketoconazole veterinary shampoos are becoming more
widely used, and may be as effective. In Europe and Canada,
an enilconazole rinse (Imaveral)16 is highly effective. These
topical treatments should probably be done at least every
week for 6–8 weeks. All in-contact horses should be treated.

Systemic treatment is occasionally needed. Griseofulvin’s
efficacy in horses (as well as an effective dose) has not been
thoroughly researched. However, a dosage of 100 mg/kg bwt
daily for 7–10 days has been advocated, and has been used
with good success on a small number of horses by the author.
Griseofulvin is a teratogen, and should not be used in
pregnant mares. Alternatively, 20% NaI may be given i.v.
(250 ml/500 kg horse every 7 days, 1 or 2 times). This also is
contraindicated in pregnant mares as it may cause abortion.
While medications such as itaconazole and fluconazole have
been used to treat horses with systemic mycotic infections
there have not been any studies on their effectiveness in
dermatophytosis. However, their safety record in horses for the
doses used (2–5 mg/kg bwt q. 12 h) are encouraging (Foley
and Legendre 1992; Korenek et al. 1994; Taintor et al. 2004).
Annecdotally, terbinafine orally at 5 mg/kg bwt for 10–14
days has been noted to be effective. Higher doses consistent
with small animal dosing at 20 mg/kg bwt may lead to
adverse reactions in some horses (Williams et al. 2011).
Vaccination to T. equinum may reduce the incidence of new
infections and protect a high percentage (>80%) of
vaccinates from infection. These data are based on results
with an inactivated vaccine containing both conidia and
mycelial elements (Pier and Zancanella 1993), which is not
available in the USA.

Ideally, in multiple horse situations, 3 areas/buildings/barns
should be designated: one for affected horses, one for
unaffected horses that have been cultured but the results are
not yet known, and one for culture-negative horses. Personnel
should wash their hands and ideally change their outer
garments between these areas. All tack, curry combs and
blankets should be washed (1:10 bleach or 3–4%
chlorhexidine), put through a dryer/heat cycle, then assigned
to one horse.

The exact species of the yeast Malassezia growing on
horses’ skin is just beginning to be investigated (Nell et al.
2002). In one study, the Malassezia sp. isolated were identified
as M. furfur, M. slooffiae, M. obtusa, M. globosa and
M. restricta (Crespo et al. 2002). The author has examined
several mares with a Malassezia infection between their
mammary glands, which was intensely pruritic. The mares
rubbed their tail and ventral abdomen (Fig 5). Physical
examination showed a dry, greasy-to-the-touch exudate.
Cytology of the exudate showed numerous yeast organisms,
which were identified on culture as Malassezia species.
Treatment with a topical 2% miconazole/chlorhexidine
shampoo was curative. The author is aware of other similar
cases. However, healthy nonpruritic mares may also have
large numbers of yeasts in the intramammary area (White
et al. 2006).
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Immune-mediated diseases

Pemphigus foliaceus
This disease is the most common cause in the author’s practice
for noninfectious crusts in the horse. It is also the second most
commonly seen autoimmune skin disease in the horse, after
purpura hemorrhagica. While earlier literature suggested the
age of onset of pemphigus foliaceus (PF) may be bimodal,
either at an early age (<one year) or in the mature horse (>8
years), studies at UC Davis and elsewhere do not support this;
i.e. PF can occur at any age (Vandenabeele et al. 2004; Zabel
et al. 2005). Likewise, the UC Davis caseload does not support
the previous assertion that Appaloosas are predisposed to PF.
Interestingly, a seasonal onset of the disease was present in our
horses, with >80% of cases occurring in a period from
September to February (Vandenabeele et al. 2004). A recent
report describes a donkey whose PF occurred, then regressed,
during 2 of its 5 pregnancies (Bourdeau and Baudry 2005).

Crusts are the most common lesions, and frequently start
on the face and legs then become generalised (Fig 6).
Alternatively, crusts may occur only on the coronary band.
Pruritus is variable. Peripheral oedema (‘stocking up’) is
common, and a low grade anaemia combined with a
leucocytosis may be seen. Diagnosis is by biopsy, showing
subcorneal pustules with acantholytic cells. It is very important
not to surgically prepare the area to be biopsied, as the
answer is usually in the crusts; one can always surgically
prepare the leg after taking the biopsy to limit the chances of
infection. Because certain strains of Trichophyton sp. of
dermatophytes may also cause acantholysis in horses, any
histology suggestive of PF should have special stains for fungi
performed (Scott 1994).

Treatment is corticosteroids at immunosuppressive doses
(prednisolone 1 mg/kg bwt q. 12 h, dexamethasone

approximately 0.05–0.1 mg/kg bwt q. 24 h; then taper). There
are anecdotal reports of aurothiomalate, a gold salt
(Myochrysine)17 being helpful at 1 mg/kg bwt i.m. q. 7 days.
Adverse reactions of gold salts, while rare in the horse, would
include thrombocytopenia and glomerulonephropathy.

There are also reports of azathioprine at 1–3 mg/kg bwt q.
24–48 h being used for various autoimmune skin diseases
in horses (Humber et al. 1991; Messer and Arnold 1991;
McGurrin et al. 2004). A potential side effect is
thrombocytopenia, as horses have low levels of the enzyme
thiopurine methyltransferase (White et al. 2000), which is
responsible for the metabolisation of azathioprine in other
species, including man. However, the author has used
azathioprine (1–3 mg/kg bwt for one month, then q. 48 h) in 8
horses with no deleterious effects (White et al. 2005); this is used
as a steroid-sparing drug, with corticosteroids in an attempt to
eventually decrease the steroid needed. Approximate cost in
a 500 kg horse for daily generic azathioprine is $300/month.

Cutaneous vasculitis (aka pastern leucocytoclastic
vasculitis, photoaggravated vasculitis)
This seems to be more common in California and the western
United States (and doubtless, other regions with an excess of
sunlight) as a clinical entity. It generally affects mature horses,
and produces lesions confined to the lower extremities that
(often but not always) lack pigment. Lesions are multiple and
well demarcated with the medial and lateral aspects of the
pastern the most common sites. Initially, erythema, oozing,
crusting, erosions and ulcerations develop, followed by
oedema of the affected limb(s) (Fig 7). Chronic cases may
develop a rough or ‘warty’ surface. Pruritus is variable but may
be intense. The pathogenesis is uncertain: an immune-
complex aetiology has been suggested, and the limitation of
lesions to nonpigmented areas suggests a role for UV radiation.
Drug reactions may be a potential cause; a recent report
implicated Staphylococcus intermedius (Risberg et al. 2005).

In a review of 72 cases, the most frequent clinical findings
were crusts/scales and oedema of the legs with the most
common underlying disease being photo-aggravated
dermatitis. Common laboratory findings were anaemia,
neutrophilia, hyperglycaemia and hyperglobulinaemia.
Histopathological patterns were most commonly cell-poor

Fig 5: Ulceration and crusts on the tail caused by intramammary
Malassezia infection in an 8-year-old Danish Warmblood mare.

Fig 6: Whole-body crusts and alopecia due to pemphigus foliaceus
in a 10-year-old American Miniature Horse gelding.
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and lymphocytic/histiocytic. While statistically supported
treatment recommendations could not be made due to the
large numbers of confounding factors, trimethoprim-sulfa
antibiotics, corticosteroids, and/or resolution or control of the
underlying disease process were the most common treatment
modalities. In some cases, avoiding sun exposure may be
helpful (White et al. 2009).

Treatment is the use of corticosteroids at relatively high
doses (1 mg/kg bwt q. 12 h of prednisolone, or
dexamethasone 0.08–0.2 mg/kg bwt q. 24 h) for 2 weeks, then
reduced over the next 4–6 weeks. Reducing UV light exposure
is helpful, either by bandaging affected legs, stabling inside
during daylight hours, or both. In some cases, topical
corticosteroids (such as triamcinolone spray 0.015% [Genesis]3

or a 0.0584% hydrocortisone aceponate spray [Cortavance])4

may enable the horse to be weaned off of systemic
corticosteroids. The author has also used pentoxifylline
(10 mg/kg bwt, q. 12 h) as an adjunct treatment to good
effect; another alternative (albeit more expensive) is the use of
0.1% tacrolimus ointment (Protopic)18 q. 24 h.

Miscellaneous
Rarely, internal organ dysfunction, especially involving the liver,
may result in severe pruritus (Videos S1 and S2).
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Additional Supporting Information may be found in the online
version of this article at the publisher’s website:

Video S1: 5 year old Quarter Horse mare with pruritus
associated with hepatic encephalopathy.

Video S2: 5 year old Quarter Horse mare with pruritus
associated with hepatic encephalopathy.
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