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From the president: Living comfortably with the choices we make
By Jeffrey T. Berk, VMD, MRCVS

I think we’ve all experienced 
times in practice when the 
owner or trainer’s goals (i.e., 
the prestige of winning and 
monetary rewards) were at 
odds with what would be best 
for our equine patient. What 
are we supposed to do? And 
then, what do we in fact do? 
And what are the real conse-
quences for us when we 
actually do what we are 
supposed to do? 

The importance of being able to ponder and answer these 
questions today is twofold: it’s important for us who 
have to decide how we want to live, but equally 
important for those around us who are watching how we 
conduct ourselves. 

While listening to a National Public Radio segment called 
On Point, the guest was actor Tom Hanks, who was 
describing roles he had played in various films. 
Specifically, he was talking about the film “Sully” in 
which he played Chesley Sullenberger, the pilot who 
landed US Airways Flight 1549 in the Hudson River off 
Manhattan after both engines were disabled by a bird 
strike. In reference to this film, and others in which he 
played a heroic role, he said the following:

 
circumstances.

retired airline pilot now if he had not landed the 
plane on the Hudson River.

required of us.

Hanks also talked about his love of the writings of author 
Alan Furst. He said:

“Alan Furst writes about espionage and the world prior 
to the Nazi defeat in Stalingrad. Asked ‘Why do you write 
about this period of history so much?’ his reply was: ‘Up 
to that point, no one thought that the Nazis would lose 
WW II. Everyone in that arena, up to that time, had a 

choice of being one of three things that was determined 
by their character and their circumstances: they could be 
a hero, or they could be a villain or they could be a 
coward. Those are the three choices that you had at that 
time. So often, that is exactly what life prescribes for all 
of us. What are we going to choose to be? What do we 
have the wherewithal to be? What do we have the 
stomach for, or the training … or the desire? What’s our 
initial instinct… to run, to flee? Or to lean in, to get 
involved … or to just stand back and watch? That pretty 
much wraps up every circumstance a human being can 
find themselves in.’” 

Equine vets face a multitude of ethical issues. I’ll give you 
a small example: At last year’s Keeneland September 
Yearling Sale, the manager of a prominent Thoroughbred 
farm asked me to write a scratch slip in order to 
withdraw a yearling from the sale. In 99% of cases, the 
horse is being scratched because of lack of buyer interest 
so the vet must make something up like “horse colicked” 
or “lameness.” Basically, the vet is being asked to lie. 

In this case, I politely said that I had decided a long time 
ago that I wouldn’t sign my name to a lie and explained 
that the sales companies needed to come up with a better 
procedure for withdrawal. He was very nice, commended 
me, and in the next breath said that he’d find another vet 
to do it! There was nothing particularly heroic about me 
refusing the request on that day. It would, however, be 
heroic for a young, deeply indebted associate veterinarian 
to deny the request and potentially lose an opportunity 
for a lucrative account.

My point is that so often we associate the denying of 
unethical requests from clients with potential financial 
disaster, when in fact those right decisions can and do 
result in better clients and a better life. 

It is our responsibility to create a healthy culture in our 
veterinary practices. This is something that I would like to 
see the AAEP begin to address, but how to do it? It’s 
something that we’ll address within our strategic plan, but 
I think we’re going to have to look at this problem—as 
Tom Hanks said in the interview—as ordinary individuals 
in extraordinary circumstances, situation by situation, and 
decide whether we have the stomach for, the training for 
and the desire to choose the heroic path. When enough 
individuals do that, then cultures can change.

Dr. Jeff Berk
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1. Save $200 by registering  
for the annual convention  
by Aug. 15 at  
convention.aaep.org.

5 things to know about AAEP this month

2. Secure your spot at one of 
the AAEP’s interactive 
summer meetings on oph-
thalmology, sports medicine 
or respiratory tract disorders 
at aaep.org/meetings.

3. Doctoral and residency 
student researchers should 
apply for AAEP Foundation 
fellows by Aug. 1 at  
aaepfoundation.org.

4. Brush up on the 
components of a thorough 
equine dental evaluation 
using the AAEP Equine 
Dental Care Guidelines at 
https://tinyurl.com/aaepdcg.

5. Renew your AAEP 
membership by the end  
of the membership year  
on June 30 at aaep.org/
dashboard/renew.

Pautz joins AAEP as director of education

Karen Pautz, a veteran equine educator with a history of integrating technology 

education. 

experts to oversee all aspects of educational program development, including 
curriculum innovations and establishment of an online e-learning presence.

Pautz has been a longtime assistant professor and clinical dressage instructor at 
William Woods University in Fulton, Mo. In 2016, she accepted the additional 
role of redeveloping the institution’s online master’s degree in equine education 
program. She also spent seven years as new media design director for Blood-
Horse Publications and five years as hunt seat and dressage instructor at Virginia 
Intermont College.

Touch Point: The qualities that separate great veterinarians from good ones

AAEP’s market research with owners and trainers 
revealed they are currently very satisfied with their  
veterinarians. However, more than half of owners said 
they had fired a veterinarian at some point. While  
satisfaction with equine veterinary care is currently high, 
it may take an owner a few attempts before they find a 
veterinarian they like for the long term.

Looking at the differences between owners who are satisfied versus dissatisfied 
with their veterinarians reveals the key factors that distinguish great veterinar-
ians from good ones. The following attributes received very favorable rankings 
from owners who were satisfied with their current veterinarian:

Owners who were dissatisfied gave very low satisfaction rankings in these and 
other key attribute areas.

Excellent communication skills and empathy for the client and the horse can 
truly set veterinarians apart. To learn more about these research findings and 
access tools and resources that can help you strengthen your relationships 
with clients, visit touch.aaep.org. You will log in to the site using the same 
username and password as aaep.org.
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Karen Pautz



“Hey doc, can you take a 
look at this for me?” As an 
equine veterinarian, you likely 
are asked this question daily. 
The request might come from 
a client or another veterinari-
an, but nowadays is 
frequently accompanied by an 
image on a cell phone or one 
delivered to your email inbox. 
You might be asked to give an 
opinion concerning a picture 
of a horse with a wound, a 
video of a lame horse or a set 

of radiographs. But in this increasingly digital age, does 
the ability to share medical information via the Internet 
come with any liabilities? Maybe…

At the heart of the matter is how we define telehealth, 
telemedicine and the veterinarian-client-patient relation-
ship. The American Veterinary Medical Association uses 
the term telehealth to describe all forms of technology 
used to deliver health information or education. 
Telemedicine is the exchange of medical information 
regarding a patient via electronic communication within 
an established VCPR. Most states require a VCPR in 
order to diagnose, prescribe or treat an animal, and the 
veterinarian assumes responsibility for the medical care 
they provide. The AVMA encourages the use of technolo-
gies that help the veterinarian communicate with clients 
and support patient care. But without a VCPR, the 
AVMA cautions veterinarians to provide only general 
advice not specific to a patient, diagnosis or treatment.   

For example, a client texts you an image of a laceration 
that you repaired three days earlier. The owner is seeking 
assurance that the wound is healing appropriately. 
Because you have a relationship with that client and 
recent experience with that particular patient, it’s perfectly 
acceptable to give your opinion. If the image quality is 
poor, you might comment on the limitations of the image 
provided and insist on seeing the horse in person. But 
what if that same client sends you radiographs of her 
friend’s foundered horse that was treated by another veter-
inarian and asks if you agree with the prescribed course of 
treatment? Because the owner hasn’t asked you to examine 
the horse, you don’t have a valid VCPR and shouldn’t 
form a medical opinion about that case.  

Consultation with other veterinarians is a different issue. 
Many of us have reached out to our colleagues for advice 

on cases and used digital images or videos as part of that 
consult. The AVMA states that a veterinarian can consult 
with other professionals who are properly licensed in the 
state in which they reside. In such situations, these discus-
sions are informal in nature and the consulting veterinari-
an has no medical responsibility toward the patient as no 
VCPR exists.

But in other situations, shades of gray exist concerning 
the liability of the veterinarian and interpretation of 
digital medical information. Let’s take a common scenario 
regarding radiographs on a horse that recently underwent 
a prepurchase exam. Perhaps the original radiographs 
were taken in another country and sent in digital format. 
Perhaps the images have been compressed and there are 
specific views missing that you consider standard. While 
you did not perform any part of the prepurchase exam, 
you have been asked by the trainer to informally evaluate 
the radiographs. There are actually two issues at stake 
here: the radiographs and lack of a VCPR. 

I asked several equine sports medicine specialists how 
they handle this scenario, and all agreed that it was 
steeped in murky waters. One area of concern was the 
actual radiographs. Most felt uneasy reading images that 
had previously been modified (such as compressed) or 
altered such that they could not magnify the image or 
change the contrast. Studies that did not include a 
complete set of views and proper labelling as to patient 
identity, date and view made interpretation more difficult. 
Furthermore, all recognized the inherent limitations of 
prepurchase examinations with regards to future 

-
sional opinion rendered at the time. For these reasons, 
most veterinarians would, at best, provide only a verbal 
opinion on the radiographs in order to limit liability.

Telemedicine is likely to remain a part of the veterinary 
landscape. Currently, the AVMA provides guidelines for 
veterinary telemedicine at avma.org/KB/Policies/Pages/
Telemedicine.aspx. Recommendations about teleradiology 
can be found on the American College of Veterinary 
Radiology’s website at acvr.org/page/teleradiology- 
guidelines. These recommendations are specific for  
radiographs, CT, MRI and ultrasound images. They speak 
to the use of the DICOM format, image transfer and 
modification. 

As with all new things, telemedicine will become better 
defined over time and take its place in our daily life as 
equine veterinarians.
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Dr. Carolyn Arnold

Dr. Arnold is an associate professor in the College of Veterinary Medicine and 
Biomedical Sciences at Texas A&M University and a member of the AAEP’s 
Professional Conduct and Ethics Committee.

Telemedicine and the equine veterinarian
By Carolyn Arnold, DVM, DACVS



Efficiently diagnose and manage the respiratory tract 
disorders that often afflict client horses with hands-on 
training under board-certified clinicians at the AAEP’s 
360°: Upper and Lower Respiratory Tract 

Disorders

the meeting combines lectures with small-group wet labs 

using live horses, full body cadavers and cadaver heads. 
You’ll walk away from the meeting with the advanced 
knowledge and skills to manage a wide array of 
commonly seen conditions, including inflammatory airway 
disease, current airway obstruction, pleuropneumonia, 
exercise-induced pulmonary hemorrhage, sinusitis, respira-
tory distress, and dynamic laryngeal and pharyngeal 
disorders.

The meeting is being held at Texas A&M University, July 

program at aaep.org/meetings. If you have questions about 
registration, contact Kristin Walker at kwalker@aaep.org 

360°: Upper and Lower Respiratory Tract Disorders is 
sponsored by:

VI   AAEP News June 2019   

If your practice includes ophthalmology or lameness/per-
formance medicine, or if you simply want to develop pro-
ficiency in either area, don’t miss the AAEP’s Summer 

Focus Conference & Labs

Collins, Colo. The meeting combines lectures and 
optional wet labs to equip you to successfully handle 
many of the common challenges you’re likely to 
encounter in the field. 

In the Ophthalmology track, you’ll learn how to assess 
and treat the prevalent equine eye diseases, manage 
potential complications and determine when to refer a 
case. Wet lab attendance is capped at 40.

Practical takeaways from the Ophthalmology track 
include:

instrumentation

ophthalmic diseases

retinal lesions as related to vision and pre-purchase 
examination

In the Sports Medicine track, you’ll unravel the 
mysteries of lameness and poor performance by refining 
your diagnostic workup, acquiring treatment therapies 
and exploring the growing field of equine rehabilitation 
to expedite recovery. Wet lab attendance is limited to 60.

Practical takeaways from the Sports Medicine track 
include:

distal limb, suspensory, hocks, stifle and axial 
skeleton

diagnosis and treatment

suspensory

therapies

Both tracks offer 16 CE hours of lectures and 8 CE hours 
of wet labs. Reserve your spot by registering at aaep.org/
meetings. If you need assistance with registration, contact 

Platinum sponsors of the Summer Focus Conference  
& Labs are:

Expand your eye care or lameness skills at summer Focus conference

ARENUS
ANIMAL HEALTH

Breathe easy: Manage respiratory disorders with immersive AAEP training
Slots filling up for intensive 360° meeting at Texas A&M in mid-July

CONTINUING EDUCATION
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Raise your delivery of compassionate care rooted in 
current knowledge and best practices at the AAEP’s 65th 

ramped up experiential learning opportunities accentuate a 
robust and practical educational program.

provide hands-on training with assisted reproductive 
technology (ART) and imaging, the latter presented in con-

Locomotor Pathology. An additional wet lab on small 
animal euthanasia techniques will occur at the convention 
center on Dec. 10. Meanwhile, a quartet of dry labs at the 
convention center on Dec. 8 will instill new clinical 
techniques or refresh an existing skill set in the areas of 
reproduction, skull radiology, ophthalmology and distal 
limb ultrasound. 

Registration for all labs is on a first-come basis and should 
be completed when registering for the convention. Save 
$200 off the standard convention registration rate when 

also book your hotel room and browse the educational 
program on the site. 

The comprehensive educational program will offer over 
100 hours of CE among evidence-based sessions devoted 
to ART, dentistry, dermatology, field surgery, hind limb 
lameness, imaging, pre-purchase exam, reproduction, use 
and interpretation of laboratory diagnostic tests, and 
more. Additional sessions will encompass business topics, 
ethics and personal wellness, along with a reimagined 
Kester News Hour.

Beyond education, the convention is about connections. 
Catch up with old classmates and colleagues and form 
important new relationships at daily social and networking 

seeking a new opportunity, connect with dozens of 
practices that will be on-site looking to fill open positions 
through the AAEP’s career fair, details for which will 
appear in a future issue of EVE.

No matter your career stage or aspirations, ascend new 
heights in equine practice alongside your AAEP colleagues 
this December in the Mile High City. 

Ascend new heights at AAEP’s 65th Annual Convention in Denver
Save $200 when registering online by Aug. 31

Refresh or expand your distal limb ultrasound skills at one of 
the convention’s seven lab offerings.

Members in the News

Dr. Samantha Vernon new animal shelter president

Dr. Samantha Vernon, who’s been affiliated with Frontier Veterinary Clinic in 
Cheyenne, Wyo., since 2011, has been elected president of the Cheyenne Animal 
Shelter Board.

Dr. Vernon received her veterinary degree from Western University of Health 
Sciences and has served as chair of the shelter’s Animal Welfare Committee.

Dr. Bryan Waldridge up for national honor

Dr. Bryan Waldridge of Park Equine Hospital at Woodford in Versailles, Ky., is among five finalists to win the country’s 
top category title in the sixth annual American Humane Hero Veterinarian and Hero Veterinary Nurse Awards, sponsored 
by Zoetis Petcare.
 
Dr. Waldridge, an Auburn University graduate, is being considered because of his commitment to patients, dedication to 
the success of his clients, work at Old Friends Thoroughbred Retirement Farms and efforts to strengthen equine welfare 
laws in Kentucky. Vote for Dr. Waldridge daily through Aug. 8 at herovetawards.org. 

MEMBERSHIP

continued on page VIII

Dr. Samantha Vernon Dr. Bryan Waldridge



Dr. Reynolds Cowles named 

Distinguished Alumnus

Oklahoma State University’s Center for 

AAEP President Dr. Reynolds Cowles, Jr. a 
Distinguished Alumnus.
 
Dr. Cowles received his veterinary degree in 

in Free Union, Va. In addition to his 
extensive volunteer leadership within the 
AAEP, Dr. Cowles has been a longtime advocate of the horse industry, particularly in Virginia.

Three recognized for racing integrity contributions

The Association of Racing Commissioners International bestowed its President’s Award upon Drs. Dionne Benson, Lynn 
Hovda and Mary Scollay for exemplary service and contributions to racing integrity.

The trio was among the organizers of the annual Regulatory Veterinarian Continuing Education conference, which 
emphasizes protection of the health and welfare of racehorses.

Dr. Benson received her veterinary degree from the University of Minnesota and recently became chief veterinary officer 
for The Stronach Group following seven years as executive director and COO of the Racing Medication and Testing 
Consortium. Dr. Hovda, also a University of Minnesota graduate, is the Minnesota Racing Commission’s chief 
commission veterinarian. Dr. Scollay earned her veterinary degree from the University of Illinois and is equine medical 
director for the Kentucky Horse Racing Commission.
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Members in the News, continued

MEMBERSHIP

No matter your career stage, the AAEP is committed to 
supporting your efforts to deliver quality care and achieve 
practice success. 

Obtain timely case assistance with the new AAEP Member 
Vet Talk group on Facebook, the Rounds online discus-
sions, and keyword searches of EVE and Proceedings.

Manage your inventory more efficiently as a member of 
the AAEP Inner Circle on Vetcove and save money on the 
products and services used every day in your practice with 
The Veterinary Club group purchasing program. 

hands-on learning at AAEP CE events, the topics for 
which are are determined by the stated needs of the 
membership.

membership at aaep.org/dashboard/renew or by 
completing and returning the form you received in the 
mail. For more information about your membership or if 

you need assistance with renewal, contact Megan Gray, 

Renew your membership and maintain valuable resources
Membership year ends June 30

Hands-on labs are offered at three AAEP CE events. 

Dr. Dionne Benson Dr. Lynn Hovda Dr. Mary Scollay

Correction
In a photo caption accompanying an article in the April issue announcing AAEP’s newest On Call veterinarians, the title 
“Dr.” was inadvertently omitted under Dr. Sara Langsam’s photo. The AAEP sincerely regrets this error.

Dr. Reynolds Cowles
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North Carolina practitioner turns kids on to horses, horse health  

Growing up with 
horses, Dr. 
Ginger Reagan 
knew from an 
early age that she 
wanted to be an 
equine veterinari-
an. Now living 
her dream as 
owner of the 
three-doctor 

practice Reagan Equine in her 
hometown of Wilmington, N.C., Dr. 
Reagan is concerned that few 
children today share her dream 
because they are never exposed to 
horses, adding a level of uncertainty 
to the pipeline of future equine vet-
erinarians. 

Dr. Reagan, the April honoree of the 
AAEP’s Good Works for Horses 
Campaign, set out to change that in 
2016 by creating a Junior Vet Club 
that quickly exceeded humble expec-
tations. Comprising children ages 4 
to 18, the club meets for two hours 
one evening per month during the 
school year; a weeklong camp is held 
in the summer. The monthly meeting 
includes dinner, interaction with 
animals, a craft, games like a relay 
race identifying the bones of a horse 
skeleton, and a live demonstration 
such as gastric scoping or teeth 

floating. Attendees pay a small fee to 
cover costs.

“We figured we’d have 10 kids but 

said of the club’s origins. “At one of 
the first meetings, we had close to 
50! We have a pretty loyal group 
that attends—it’s anywhere from 25 
to 50 kids.”

Most participants have become 
proficient at physical exams and 
checking horses’ vital signs. While 
it’s too soon to know whether any 
will become future horse doctors, the 
club is succeeding in creating 
newfound interest in horses and 
horse health among area youth. 

“There have been a lot of kids who 
have come through that have never 
touched a horse,” she said. “We had 
an autistic child recently whose mom 
didn’t think he’d do well in the 
group setting but by the end he was 
hugging and loving on the horses—it 
was pretty amazing.”

Hurricane Florence last September 
delayed the resumption of monthly 
club meetings as unprecedented 
flooding occurred in Wilmington and 
much of the Carolina Low Country. 
In preparation, Dr. Reagan equipped 
her hospital to take in 28 mostly 
client horses, even making stalls out 
of gates. She also alerted county 
officials of her willingness to 
volunteer with rescue and recovery 
efforts. After the three-day storm 
passed, Dr. Reagan spent two weeks 
from sunup to sundown tending to 
horses and other animals stranded 
by floodwaters.

Her volunteer team used airboats to 
reach many of these horses, adminis-
tering iv fluids and antibiotics as well 

as delivering hay and grain so the 
horses could subsist until flood 
waters receded and rescue was 
possible. Some of the rescued horses 
were transported to her clinic for 
treatment and recovery, with time 
and supplies donated by the practice 
because “the owners don’t need a bill 
when they have water in their house.”

Due to prolonged store closures, Dr. 
Reagan also set up her clinic as a 
food drop off so that affected horse 
owners could obtain hay and grain; 
and, with her team, she delivered 
dog, cat and horse food to another 
hard-hit area 20 miles away, setting 
up a distribution site in a grocery 
store parking lot.

Dr. Reagan’s dedication to the 
well-being of horses and their 
owners when most in need and 
despite difficult circumstances serves 
as inspiration and example to her 
Junior Vet Club members, regardless 
of their future career paths.

Dr. Reagan helps a Junior Vet Club 
member listen to a horse’s heart.

Throughout 2019, the AAEP’s Good Works for Horses Campaign will 
spotlight AAEP-member practitioners whose volunteer efforts are 
improving the health and welfare of horses. To discover the Good Works 
of AAEP veterinarians or nominate a Good Works candidate, visit aaep.
org/horse-owners/good-works-horses. For more information on nominating 
a veterinarian for this program, contact Sue Stivers at sstivers@aaep.org.

Dr. Reagan administers fluids to a 
horse stranded on a porch by flood 
waters following Hurricane Florence.
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AAEP Past President Dr. Bernard 
Brennan, prominent Standardbred 
practitioner and among the associa-
tion’s earliest members, died April 
26 in Hobe Sound, Fla., following a 

A 1946 graduate of the University 
of Pennsylvania School of 
Veterinary Medicine, Dr. Brennan 
entered practice in Aiken, S.C., 
where he met many accomplished 

harness racing horsemen. At their encouragement, Dr. 

established his Standardbred practice at Roosevelt 
Raceway, opened a surgical hospital and worked for 
many of the top stables.

Dr. Brennan also made his mark in the Thoroughbred 
industry when, in 1962, longtime friend and 
Thoroughbred trainer J.P. Conway asked him to examine 
a promising, unraced 2-year-old colt that kept weakening 
in his workouts. Dr. Brennan diagnosed paralyzed 
cartilage in the horse’s upper airway and performed a 
ventriculectomy. The patient, Chateaugay, would go on to 

male honors.

served as an executive board member, chair of the 
Distinguished Life Membership Committee and member 
of the Equine Insurance, Nominating and Racing Ethics 
committees. He also held professional leadership 
positions in both the New York and New Jersey state 
veterinary associations. 

Dr. Bernard Brennan, 1979 AAEP president, dies at 97

Dr. Bernard Brennan

Longtime AAEP member Dr. 
Andrew Currie, who served on the 
association’s board of directors in 

following a long bout with cancer.

Born in Philadelphia, Dr. Currie 
received his veterinary degree from 
the University of Pennsylvania in 

Houston, Texas, before moving to 
Lexington, Ky., to work with 

orthopedic pioneer Dr. D.L. Proctor. He returned to 
Houston in 1968 and purchased a farm on which he 
established the Currie Equine Clinic. Besides managing 

the health and soundness of many of the top athletes in 
the sport of rodeo, he and his wife Sandy owned the 
NCHA World Champion Cutting Horse Sugar Vaquero 
and other NCHA and AQHA World and Reserve 
champions.

In addition to his service on the AAEP’s board of 
directors, Dr. Currie served on the Biological and 
Therapeutic Agents, Purchase Exam, Racing Ethics and 
Therapeutic Options committees. He also served on the 
board of the Texas Horse Racing Association and on 
numerous committees for the Texas Equine Veterinary 
Association. In 2012, he received induction into the Texas 
Rodeo Cowboy Hall of Fame.

Former board member Dr. Andrew Currie passes at 79

Dr. Andrew Currie

FOUNDATION

Applications for the AAEP Foundation Past Presidents’ 
Research Fellow and the EQUUS Foundation Research 
Fellow are being accepted until Aug. 1.

The annual $5,000 scholarships reward AAEP-member 
doctoral or residency students who have made significant 
progress in the field of equine healthcare research. Both 
recipients will be honored at the AAEP’s 65th Annual 

a $500 stipend to support travel to the convention.

The scholarship application and descriptions are accessible 
through the “Apply for Funding” link on the AAEP 
Foundation’s website at aaepfoundation.org.

Graduate-level researchers: Apply for AAEP Foundation fellows
Applications for annual scholarships due Aug. 1

Dr. Sian Durward-Akhurst receives the 2018 EQUUS 
Foundation/AAEP Foundation Research Fellow during the 64th 
Annual Convention from AAEP Foundation Chair Dr. Rick 
Mitchell, left, and AAEP Past President Dr. Nat White, right.
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Help stop disease spread by using the EDCC
By Nathaniel A. White II, DVM, MS, DACVS

The Equine Disease Communication 
Center (EDCC) provides real-time 
information about disease outbreaks 
and works to educate the horse 
industry about infectious diseases 
and biosecurity. Providing accurate 
information helps prevent disease 
spread and stop rumors about 
outbreaks, which unnecessarily 
disrupt horse activity and transport.  

disease outbreaks have been posted on the EDCC’s 
website (equinediseasecc.org), Facebook and Twitter. 

Facebook followers receive same-day messages containing 
a link to the alert page. Anyone can sign up through the 
website to receive email alerts. 

AAEP members are encouraged to submit their infectious 
diseases cases to the EDCC through the Reporting an 
Outbreak link on the EDCC homepage. When the disease 
is reportable, information is often sent to the EDCC by 
the state veterinarian. If the disease isn’t reportable, 
attending veterinarians are urged to submit a report that 
will be recorded in the EDCC database and posted on the 
website. In addition to alerting veterinarians and horse 
owners about a potential disease risk in a specific region, 
posting the alert can decrease the “rumor mill” and help 

mitigate the panic that can occur when owners can’t 
locate verified information. 

The EDCC, however, is more than an alert system; it 
serves as an educational resource for information on 
diseases, vaccination and biosecurity. Horse owner fact 
sheets with links to AAEP disease guidelines can be 
accessed or downloaded from the website or viewed on 
mobile phones for immediate fact finding and treatment 
recommendations. Fact sheets and disease guidelines are 
evaluated for accuracy by the AAEP Infectious Disease 
Committee.  

Additional resources include contact information for state 
veterinarians; a list of reportable diseases for each state; 
interstate movement requirements; a news page; 
frequently asked questions; and the National Equine 
Health Plan, which contains links to numerous resources 
at USDA and for management of disease outbreaks.   

The EDCC is made possible by generous donations  
from horse organizations, industry stakeholders and 
individual horse owners. Tax-free donations are made via 
the AAEP Foundation website: click the Donate button  
at aaepfoundation.org and select Equine Disease 
Communication Center in the Type of Gift list. Please 
consider making a donation and urging horse owners to 
do the same. Like insurance, you hope you don’t need it, 

Dr. Nat White

Renew your membership today  
at aaep.org/dashboard/renew

“The AAEP has given more to me  
than I could ever hope to give back:  
continuing education, professional  
mentorship, inspiration, friendships.”

“The AAEP captures our passion for equine veterinary medicine. 
I still remember my first meeting, and I continue to bring home 
new knowledge every year while enjoying opportunities to learn 
more about leadership, professional ethics and well-being.”

Amanda House, DVM, DACVIM  
Gainesville, Fla.
AAEP member since 1997
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INDUSTRY

American Regent Animal Health, formerly known as Luitpold Animal Health, is committed to advancing animal 
health with FDA-approved products, including Adequan® i.m. (polysulfated glycosaminoglycan), and BetaVet® 

I.A. corticosteroid for horses. 

on by equine practitioners as the only FDA-approved equine polysulfated 
glycosaminoglycan. American Regent Animal Health would like to say 
thank you to the thousands of equine veterinarians who have been our 

American Regent Animal Health maintains a steadfast commitment to the equine industry. The company has been 
an AAEP Educational Partner since 2006, and a strong supporter of the American Horse Council since 2008. The 
company also invests heavily in numerous regional and national veterinary and horse owner organizations and events, 
driving participation, education and support to help keep the equine industry viable, sustainable and strong.  

The company also provides veterinarians with Adequan Canine (polysulfated glycosaminoglycan), which has been 
prescribed for more than 20 years and helped thousands of dogs lead more active lives. 

Adequan. Start with it. Stay with it.®

Visit Adequan.com or ARAnimalHealth.com to learn more.

AAEP Educational Partner Profile: American Regent Animal Health

FOUNDATION

The ranks of distinguished individuals enshrined on the AAEP Foundation’s My 

Robert Copelan, Albert Gabel and the late Dr. Peter Haynes.

Dr. Bagley recently retired from private large animal practice in Cedar City, Utah, 
where he helped develop the area’s youth 4-H and high school rodeo programs. 

surgery while practicing out of his hospital at Sunnyside Farm in Paris, Ky. Dr. 
Gabel served on faculty at The Ohio State University College of Veterinary 

until his retirement in 1989. Dr. Haynes, 1992 AAEP president, spent four 
decades on faculty at the Louisiana State University School of Veterinary 

Thanks to family, friends and colleagues who nominated and donated in their 
names to the AAEP Foundation, now in its 25th year, these individuals will be 
remembered in perpetuity for their mentorship throughout their careers.

To view the honor wall, nominate a mentor, donate on behalf of current nominees 
or learn more about the program, visit aaepfoundation.org and select “My 
Mentor Honor Program” in the “Giving” drop-down menu.

My Mentor Honor Wall expands by four
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Dr. Richard Bagley Dr. Robert Copelan

Dr. Albert Gabel Dr. Peter Haynes



Elevate® is recommended for horses 
challenged by neurological disease and

neuromuscular disorders.

The natural vitamin E found in Elevate is a powerful antioxidant that 
limits the damage caused by oxidative stress. It maintains healthy 

muscle and nerve functions, and supports a strong immune system.

Developed by:

EVE2016-05
800-772-1988, KPPvet.com

Available at veterinary suppliers. 
Sold only through veterinarians. 

Elevate® W.S.  
when fast action is  
required.

•  When administered, Elevate W.S. 
will quickly increase circulating 
blood levels of vitamin E.

•  The vitamin E in Elevate W.S. is  
readily available and effective in 
crossing the blood-brain barrier.

Elevate® Concentrate  
for long-term supplementation.

•  Delivers a highly bioavailable source of natural  
vitamin E that is preferentially absorbed and  
retained in the tissues.

•  Does not contain other  
minerals and vitamins that 
might cause imbalances.

•  Supplies natural vitamin E in  
an affordable manner when 
long-term supplementation  
is required.



Highlights of recent clinically relevant papers

Hand antisepsis in equine surgery

This prospective clinical trial by Nora Biermann and
colleagues in Canada compared the efficacy of four surgical
hand preparation techniques (three rubs and one scrub) for
reduction in aerobic bacterial counts from pre- to post-
preparation (immediate efficacy) and at the end of surgery
(sustained efficacy).

The four techniques used were a hand scrub with 4%
chlorhexidine gluconate soap (CHx scrub), a hand rub with
4% chlorhexidine gluconate soap (CHx rub), a hand rub with
61% ethanol solution with 1% chlorhexidine gluconate (CHx/
ET) and a hand rub with a mixture of 30% 1-propanol and
45% -propanol solution (IPO).

Clinicians performing equine surgical procedures were
enrolled during an 18-month study period and were not
blinded to hand preparation technique. Techniques were
randomly assigned, with a wash-out period of approximately
3 days between techniques. Samples were collected by the
glove juice technique after one minute of a neutral soap
hand wash (pre-preparation), following completion of the
randomly assigned hand preparation technique (post-
preparation), and finally at the end of surgery (post-surgery).
Aerobic bacterial log10 colony forming units (CFU) counts
were performed.

A total of 228 hands from seven clinicians were sampled
in 109 surgical procedures. Immediate mean bacterial
log10 CFU reduction was 2.4 for CHx scrub, 2.8 for CHx rub, 3.1
for CHx/ ET rub and 2.1 for IPO rub. CHx/ET rub resulted in
significantly lower bacterial counts than CHx scrub and IPO
rub, whereas CHx rub resulted in significantly lower counts
than IPO rub. At the end of surgery bacterial counts were the
lowest for CHx rub, significantly lower than CHx/ET rub and
IPO rub. There was no difference between CHx-rub and
-scrub techniques.

In this study alcohol-based hand rubs did not decrease
bacterial log10 CFU counts more effectively than CHx
products. When using CHx soaps in the equine setting, hand
rub is as effective as a hand scrub technique.

Silent carriers of S. equi ssp. equi after strangles

In this study J. Pringle and colleagues in Sweden and
Germany reported on long-term silent carriers of
Streptococcus equi ssp. equi (S. equi) following strangles.

S. equi can persist in clinically normal silent carriers for
months to years following strangles outbreaks. Two naturally
occurring outbreaks of strangles with 53 and 100% morbidity,
respectively, were followed longitudinally to assess
occurrence of carrier state and optimal detection methods.
Outbreak A involved 98 yearling Warmbloods, and Outbreak
B 38 mature Icelandic horses. Fully recovered horses were
sampled at least 6 months after index cases using nasal
swabs (one sampling only), nasopharyngeal lavage and
guttural pouch visualisation and lavages for culture and
qPCR to S. equi. Any horse with at least one positive sample
was deemed a carrier. Descriptive statistics and sensitivity
and negative predictive values were calculated.
Comparisons were made with McNemars and Fishers exact
tests. Carrier rates in Outbreak A were 3% based on culture

and 15% based on qPCR and for Outbreak B 13% based on
culture and 37% based on qPCR. All culture positives were
also qPCR positive. One carrier culture negative sampled
after an additional 8 months was culture positive to S. equi,
indicating that qPCR positives should be suspected to carry
live bacteria.

These findings indicate that reliance on guttural pouch
sampling and appearance does not capture all silent
carriers. All culture positives were identified by qPCR and
even horses positive by qPCR but culture negative should be
suspected carriers of live bacteria.

Salivary alpha-amylase in abdominal disease

This prospective cohort study by Mar�ıa Dolores Contreras-
Aguilar and colleagues in Spain compared salivary alpha-
amylase (sAA) activity and concentration in healthy horses to
those with acute abdominal disease.

Thirty-three horses referred to a veterinary teaching
hospital over an 8-month period for evaluation of colic and
subsequently diagnosed with acute gastrointestinal disease
were included in the study. A healthy population of 25 horses
with normal haematological and biochemical parameters
were selected from those admitted for castration or routine
health check. Saliva samples were collected from both
groups within 30 minutes of arrival at the hospital and prior to
examination and treatment.

Salivary alpha-amylase activity and concentration were
significantly different between the two groups. Among the
diseased group, sAA activity was higher in nonsurvivors
compared to survivors. Activity and concentration correlated
moderately with heart rate and plasma lactate and weakly
with salivary cortisol and systemic inflammatory response
syndrome (SIRS) score. The sAA activity was significantly
associated with increased risk of nonsurvival.

These results indicate that sAA activity could be a
potential biomarker of prognosis in horses with acute
abdominal disease.

Intravitreal gentamicin injection for uveitis

In this prospective study Britta Fischer and colleagues in the
USA described an intravitreal gentamicin injection technique
and the associated complications, and reported the effects
of the injection on the clinical signs of uveitis.

Many horses with equine recurrent uveitis continue to
suffer from recurrent bouts of inflammation. Surgical
intervention may control and/or prevent recurrences, but
these procedures may be contraindicated, unavailable or
declined by an owner. Intravitreal gentamicin injections may
be an effective adjunctive treatment option that could help
to improve the clinical outcomes in those situations. The aim
of this prospective study was to describe the intravitreal
gentamicin injection technique, describe the associated peri-
injection (within 24 h) and post-injection (30–780 days)
complications, and to report the effects of the injection on
the clinical signs of uveitis. Additionally, evaluation of the
systemic and ocular Leptospira-status, and its effect on the
treatment outcome was performed.

© 2019 EVJ Ltd
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A total of 86 horses presenting with recurrent or persistent
uveitis were treated via intravitreal injection of 4 mg of
undiluted gentamicin (0.04 mL, Genta 100, 100 mg/mL in 35
horses) or preservative-free gentamicin (0.05 mL, 80 mg/mL in
52 horses) under sedation and local anaesthesia. All horses
were observed for immediate peri-injection and post-injection
complications. Response to therapy was evaluated in 59 of
the 86 horses (follow-up: 30–780 days).

Peri-injection complications consisted of subconjunctival
(26/86; 30.2%) or intracameral haemorrhage (4/86; 4.7%);
both of which completely resolved within 5 days. Post-
injection complications consisted of cataract formation/
maturation (5/59 horses; 8.5%) and diffuse retinal
degeneration (3/59 eyes; 5.1%). The majority of horses 52/59
(88.1%) with a minimum follow-up period of 30 days were
controlled (absence of recurrent or persistent inflammation)
at their last recheck examination. Recurrent inflammation was
documented in 5/59 (8.5%) horses and persistent
inflammation was diagnosed in 2/59 (3.4%) horses.

Intravitreal injection of low-dose gentamicin shows
promise at controlling different types and stages of uveitis.
The ability of intravitreal injections of low-dose gentamicin
(4 mg) to control persistent and recurrent inflammation
warrants further investigation.

Diet and exercise for obese equids

The aim of this study by Nicholas Bamford and colleagues in
Australia and the UK was to evaluate the effect of a
practical low-intensity exercise regimen, in addition to dietary
restriction, on indices of insulin sensitivity (SI) and plasma
adipokine concentrations in obese equids.

Over a 12-week period, 24 obese (body condition score
[BCS] ≥7/9) horses and ponies received either dietary
restriction only (DIET) or dietary restriction plus low-intensity
exercise (DIET+EX). All animals were provided with a restricted
ration of grass hay at 1.25% body weight (BW) on a dry
matter basis, providing 82.5% estimated digestible energy
requirements. The DIET+EX group undertook low-intensity
exercise 5 days per week on an automated horse walker.
Before and after weight loss, total body fat mass (TBFM) was
determined, indices of SI were calculated and adipokines
plus inflammatory biomarkers were measured.

Decreases in BCS, BW and TBFM were similar between
groups. After weight loss, animals in both groups had
decreased basal insulin and leptin concentrations, and
increased adiponectin concentrations. Animals in the DIET+EX
group had significantly improved SI and decreased serum
amyloid A concentrations relative to the DIET group. Regular
low-intensity exercise provided additional health benefits
compared with dietary restriction alone in this population of
obese equids.

Viral testing of 10 cases of Theiler’s disease

In this study Joy Tomlinson and colleagues in the USA
determined the prevalence of EqPV-H infection in naturally

occurring Theiler’s disease cases and in-contact horses in the
absence of historical equine biologic product administration.

Ten cases of Theiler’s disease from six separate properties
were included in the study, based on the criteria of acute
onset of clinical signs of liver failure with laboratory or
histopathological findings characteristic of Theiler’s disease
and no history of receiving an equine biologic product within
the preceding 4 months. In addition, 37 in-contact horses
from four of the six properties were screened for EqPV-H
infection and hepatitis.

Cases were diagnosed with Theiler’s disease by the
attending veterinarian and were tested for EqPV-H by PCR of
the liver or serum. In-contact horses were assessed via serum
chemistry and PCR at the attending veterinarian’s discretion.
Hepatitis was defined as serum gamma-glutamyltransferase
activity above reference interval. The association of EqPV-H
with hepatitis was determined by Fisher’s exact test.

Nine of 10 (90%) Theiler’s disease cases and 54% of tested
in-contact horses were EqPV-H positive. Hepatitis was
significantly associated with EqPV-H infection.

Although further study is required to identify EqPV-H as the
causative agent of Theiler’s disease, EqPV-H appears strongly
associated with cases of fatal Theiler’s disease and subclinical
hepatitis in horses in contact with those cases. The
prevalence of EqPV-H infection on affected properties can
be high.

S. WRIGHT
EVE Editorial Office
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Editorial

Learning from mistakes

To err is human, to cover up is unforgivable, and to fail
to learn is inexcusable.
Sir Liam Donaldson, NHS Chief Medical Officer, 2004

Mistakes are powerful motivations for learning. Errors are
treasures, in terms of information and experience and hold
valuable lessons in knowledge, skills and attitudes. They are
also extremely common. In the complex world of healthcare,
one in 10 visits to hospital involve an error in the chain of
care, and an estimated 400,000 people a year die as a result
of doctors’ or nurses’ mistakes (De Vries et al. 2008). While
there are no published studies of incident rates in the
veterinary literature, we know mistakes happen. Error is
ubiquitous and inevitable in all walks of life, but in a safety
critical industry where the consequences can be serious,
learning from mistakes is vital for professional development
and patient safety.

But how exactly can we learn from errors? Kolb describes
learning as ‘a process whereby knowledge is created
through the transformation of experience’ (Kolb 1984). There
are four stages to this cycle of learning: The learner has a
concrete experience (1) followed by reflection (2) which
leads to the formation of ideas and finally conclusions on
how to improve (3). This is followed by the creation of
hypotheses which the learner applies to future situations (4),
creating new experiences and beginning the cycle all over
again.

So far, so good. Kolb’s model is obviously applicable to
veterinary professionals and aligns with our obligations to
engage in reflective learning and professional development.
But what happens when that concrete experience involves a
mistake? Even worse, what if that mistake causes harm to our
patient? How do we react when the experience we are
expected to reflect on is something of which we are
embarrassed, frightened or ashamed? Suddenly, Kolb’s
dispassionate learning model faces challenge. While the
concept still holds good, the reality of reflecting on an
incident which is highly loaded with emotion and carries
potentially serious repercussions for the learner is difficult. In
the UK the RCVS Practice Standards Scheme demands
reflection in the form of significant event review or mortality
and morbidity meetings. Following a significant event a ‘no
blame meeting should be held as soon as possible to discuss
what, if anything, should have been done to avoid it’, with
‘open honest discussions, clear actions and no barriers to
feedback’ (RCVS 2012). Easy to say but difficult to achieve.

The 10 most commonly cited barriers to disclosing errors in
human medicine include professional repercussions, legal
liability, blame, lack of confidentiality, negative patient/family
reaction, humiliation, perfectionism, guilt, lack of anonymity
and absence of supportive forum for disclosure (Kaldjian
et al. 2006). It is reasonable to assume that vets and nurses
experience similar issues. In the UK veterinary clinicians fear
the response of the RCVS, who have themselves
acknowledged the existence of blame culture within the
profession. Clients are perceived to be ever more litigious
and practices feel powerless to react when the more vocal

air their views to the world on social media. Finally, aside from
the personal emotions surrounding professional error, there
is the fear of internal discipline and disappointment, of losing
the trust and respect of colleagues. The implications for those
open and honest practice discussions are obvious.

Investigating incidents through significant event review or
mortality and morbidity meetings as advocated by the
Practice Standards Scheme relies on two assumptions: that
the incident is reported in the first place and that clinicians
have both the practice culture and analysis skills to enable
them to effectively unpick the mistake. This involves having
an efficient reporting system and active reporting culture,
skills in incident investigation and psychological safety for
those involved in the discussions. Other safety critical
industries such as aviation and medicine have been
systematically reporting and learning from errors for decades
with systems such as the Aviation Safety Reporting System
and National Reporting and Learning System. These attempt
to encourage reporting through ease of use, timely feedback
and the power of big data learning. Until recently, there was
no comparable system for veterinary practice, but the recent
launch of VetSafe in the UK, the Veterinary Defence Society’s
online adverse event reporting system, has the potential to
bring the profession in line with other industries.

However, gathering the data is only the first step. Learning
from mistakes requires a ‘just’ culture which recognises that
the vast majority of vets and nurses come to work with the
intention of doing their best and no one goes to work with the
intention of doing harm or making a mistake. It holds
individuals accountable for their actions but it accepts that
when errors occur, it is usually not through lack of care. Just
culture is a learning culture with accountability and commits
to changing systems rather than blaming individuals. It relies
on a human factors’ perspective – the understanding that
errors are caused by the limitations of the human in
combination with the effects of the environment on their
performance (Flin et al. 2009). Vets, like other professionals, do
not often make mistakes through lack of knowledge or skill.
Psychological limitations, system failures in the form of poor
communications, failures of teamwork and badly designed
equipment or packaging are major causes of veterinary error
(Oxtoby et al. 2015). This is why the investigation of error
should include the use of human factors’ frameworks and
structured techniques such as root cause analysis which aim
to futureproof systems rather than discipline individuals.

Vets, like doctors, are socialised in a ‘take the blame’
culture. We shoulder ultimate responsibility for our patients
and expect to be held accountable when things go wrong.
This sense of professional duty defines our profession and
underpins our efforts to do our best for our patients, but it can
be a barrier to learning from mistakes. Pete Pronovost (a
medical patient safety advocate and pioneer of surgical
checklists) observes that this ultimate responsibility is ‘what is
so great and so myopic about medicine’. I would suggest
that the same holds true for vets. In focusing on the individual
and blindly accepting ultimate responsibility, we often miss
the bigger picture, the effect of the system and the true
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Summary
An 11-year-old Thoroughbred broodmare was diagnosed with
extensive radicular cysts that affected the left horizontal
mandibular ramus. A left mandibular swelling was present
clinically, and mandibular lesions appearing cystic in
nature were identified with successive radiographic and
ultrasonographic examinations. Surgical enucleation of the
cysts was performed under a standing sedation protocol and
the excised cystic structures submitted for histopathological
analysis. Histological examination of the cystic structures
confirmed a diagnosis of multiple radicular cysts.

Introduction

A cyst is an epithelium-lined cavity of pathological origin
containing fluid or semisolid material (Kramer 1974; Lovas
1991; Reichart and Philipsen 2000; Ellis 2008). During cyst
formation, epithelial cells proliferate and subsequently
undergo degeneration and liquefaction (Shear and Seward
1992). The liquefied cyst contents exert pressure on the cyst
walls producing a spherical structure (Ellis 2008). As cysts
developing within the jaw undergo expansion, adjacent teeth
can become displaced and the adjacent cortical bone of
the jaw is resorbed becoming deformed and weaker (Ellis
2008; Verstraete et al. 2011). Radiographic examinations of
cystic structures usually reveal central areas of radiolucency
surrounded by a radiopaque periphery of sclerotic bone. The
radiolucency may be unilocular or multilocular (Blanas et al.
2000; Underbrink and Pou 2002; Ellis 2008).

Cysts located in and around the oral cavity are classified as
odontogenic cysts, facial cleft cysts (fissural cysts) and other
cysts (nonepitheliated bone cysts, mucous retention cysts and
developmental defect cysts) (Ellis 2008). Odontogenic cysts
arise from epithelium associated with developing teeth
(odontogenic epithelium) during development or as a result of
an inflammatory process (Regezi and Sciubba 1993; Blanas
et al. 2000; Reichart and Philipsen 2000; Ellis 2008). Epithelium
from the enamel organ, the cell rests of Malassez or the
remnants of the dental lamina are thought to be the sources of
odontogenic cysts in animals (Baker et al. 1993; Blanas et al.
2000).

Reported odontogenic cysts include radicular cysts,
dentigerous cysts and keratocysts (Poulet et al. 1992; French
and Anthony 1996; Reiter 2001; Beckman 2003; Watanabe
et al. 2004). The classification system for odontogenic cysts in
animals is based on the human system and is controversial
(Doran et al. 2008).

Radicular cysts are the most common type of oral cyst in
humans (Koseoglu et al. 2004) but are rare findings in animals
(Poulet et al. 1992; Verstraete et al. 2011) and have only
been reported in the dog (French and Anthony 1996; Reiter
2001; Beckman 2003; Verstraete et al. 2011). Radicular cysts,
unlike other odontogenic cysts, are associated with an
inflammatory infiltrate (Head et al. 2002).

There are no previous reports of radicular cysts in the
horse. This paper reports the first confirmed report of a
radicular cyst in a horse and describes successful surgical
treatment.

Case details

An 11-year-old Thoroughbred broodmare, 7 months in foal,
was referred with a 16-week history of focal swelling of the
left horizontal mandibular ramus. She had undergone
previous examinations by the referring veterinary surgeon.
On the first examination, no abnormalities in mentation,
mastication or drinking had been evident. An oral
examination with a dental mirror and light source was
undertaken revealing no evidence of periodontal disease or
defects associated with the secondary dentine of the
occlusal surfaces of the molars. No abnormalities with the
pregnancy were detected, and the mare’s clinical
parameters were unremarkable. The swelling had appeared
acutely and was painful on palpation. A radiographic
examination (Fig 1) of the swelling showed a roughly
spherical soft tissue opacity adjacent to the left mandible
ventral to the apices of the 308 and 309 teeth. Two
radiolucent lines thought to be tracts were visible within the
swelling. An abscess, possibly involving a tooth root, was
considered most likely and the mare was treated with oral
trimethoprim sulphonamide (30 mg/kg Norodine1). A further
clinical, radiographic and oral examination with a dental
mirror and light source was performed 1 month later. The oral
examination was again unremarkable with no periodontal or
occlusal surface defects evident and the mare had normal
clinical parameters. However, the radiographic examination
revealed deformation of the ventral aspect of the left
mandibular ramus with thickening of the mandibular cortex
adjacent to a radiolucent area and thinning of the
mandibular cortex rostral to this area. Multiple radiolucent
areas were shown to have developed, but the areas were
filled with tissue of a heterogenous density (Fig 2). The
abnormal areas were now found to extend caudally to the
310 tooth.
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The mare was maintained in a small paddock, given no
further treatment and referred 3 months after the second
examination due to a lack of resolution of the swelling. Her

clinical parameters at presentation were unremarkable,
but there was evidence of a left submandibular
lymphadenopathy. Her pregnancy was considered normal
for the stage of gestation. An oral examination with a dental
mirror, light source and periodontal probe revealed no
abnormalities associated with periodontal or periapical
disease. The occlusal surfaces of the molars of the third
arcade were smooth with no evidence of fissures or defects
of the secondary dentine. Palpation of the left horizontal
mandibular ramus revealed a large firm nonpainful swelling
similar to the adjacent normal mandibular bone with two
softer areas palpable at the ventral aspect of the swelling.

A radiographic examination of the left mandible now
revealed multiple spherical to ovoid, well-demarcated
radiolucent cavities consistent with the appearance of cystic
structures (Fig 3a). The cystic cavities were found to be
adjacent to the apices of 308–311 teeth, and there were
morphological changes in the apices of the 308 and 309
teeth. An ultrasonographic examination of the swelling
confirmed the presence of multiple fluid filled structures within
the left horizontal mandible.

An intravenous catheter was aseptically placed in the left
jugular vein, and a sedation protocol of detomidine (10 lg/
kg bwt; Alvegesic2) and butorphanol (0.1 mg/kg bwt;
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Fig 1: A latero 34–45� ventral-laterodorsal oblique radiograph of
the left ramus of the mandible obtained on the day of presentation
to the referring veterinary surgeon. There is a roughly spherical
soft-tissue opacity and bony remodelling ventral to the roots of 308
and 309 with two vertical radiolucent lines within the swelling. The
caudal radiolucent line appears to run towards some sclerosis
ventral to the rostral root of 309. The tooth roots appear normal
and there is involvement of the bone of the mandible which has
some sclerosis, ventral remodelling and lucent lines in it.

10 cm

Fig 2: A latero 34–45� ventral-laterodorsal oblique radiograph of
the left mandibular arcade taken 5 weeks after the primary
presentation to the referring veterinary surgeon. Note the
appearance has changed with more radiolucent areas in a caudal
position but is not convincingly diagnostic of a cystic structure
although the area associated with the caudal aspect of tooth 309 is
suspicious. On this examination, the bone of the mandible is
involved with a radiolucent line through the bone and exiting the
ventral mandible. In the area of this radiolucent line, the bone has
thickened while rostral to this area there is thinning of the
mandibular cortex.

5 cm

5 cm

L = 2047 W = 4095a)

b)

Fig 3: a) A latero 34–45� ventral-laterodorsal oblique radiograph
of the left mandibular arcade obtained 4 months after the
mandibular swelling was first noted. Multiple spherical to ovoid
well demarcated radiolucent cavities consistent with cystic
structures are evident. b) A latero 34–45� ventral-laterodorsal
oblique radiograph of the right mandibular arcade obtained
during the same examination as Fig 3a, showing the normal
contralateral side of the mandible.
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Torbugesic2) was initiated. Perioperative anti-inflammatory
treatment with phenylbutazone (8.8 mg/kg bwt:
Equipalazone2) and antibiotic therapy with trimethoprim
sulphonamide (30 mg/kg bwt: Norodine1) was administered.
Local anaesthesia was achieved using mepivacaine (Intra-
Epicaine2) injected as a local subcutaneous infusion at the
site of the ventral swelling, centred over a soft depression. A
single linear horizontal incision was made at the site of the
ventral swelling, and a large volume of clear yellow fluid was
released. The bone lining the cavities was curetted as
thoroughly as access would allow and both bone and soft
tissue specimens collected. Care was taken not to damage
the tooth roots by directing curettage medially and laterally.
The incision was closed with stainless steel staples3. Samples
of the excised cyst walls, the cyst contents and cortical bone
originating from the mandibular ramus were submitted for
cytological and histopathological analysis. The mare was
discharged the same day with instructions to be maintained
on box rest until the staples had been removed 12 days
post-operatively. Antibiotic therapy with trimethoprim
sulphonamide (30 mg/kg bwt: Norodine1) was requested for
a further 4-day period.

The mare was re-examined as an outpatient 5 weeks later
when she was clinically unremarkable and was having no
difficulty eating or drinking. She was 8 months in foal and in a
normal body condition for the stage of pregnancy.

The swelling on the horizontal ramus of the left mandible
was much reduced, and the remaining area of swelling was
nonpainful on palpation. The palpable osseous cystic cavities
had decreased in size, and there was a 3 mm2 area of
granulation tissue over the previous incision site, which was
reported to discharge a small amount of mucopurulent
material daily. A fine needle aspirate produced a
haemorrhagic fluid sample with greater viscosity compared
to the cystic fluid previously recovered. The owners of the
mare were instructed to apply a topical emollient daily to
protect the skin from any discharge and irritation. She
produced a healthy foal 3 months later and the discharge
from the mandible stopped shortly after the birth of the foal.

Three years later, the mare was clinically unremarkable
with a normal appearance to the mandible, no residual

swelling or drainage and no abnormalities evident on an oral
examination with a dental mirror and periodontal probe.

Cytological and histopathological analysis

Cytological evaluation of the cyst contents showed no
evidence of neoplastic cells and a sparse population of
polymorphonuclear cells. Histopathological analysis of the
cyst wall and cortical bone confirmed the diagnosis of a
radicular cyst with moderate fibrosis, bone resorption and
remodelling and confirmed no evidence of a neoplastic
component.

Sections of submitted cortical bone were composed of
reactive bone, with well-organised osteocytes present
throughout the bone trabeculae. There was moderate
remodelling of this bone with scattered clusters of
multinucleated osteoclasts present adjacent to the scalloped
edges of the bony spicules. Extensive accumulations of well-
organised, variably dense fibrovascular connective tissue
were present supporting and surrounding the bony spicules.
Scattered neutrophils, lymphocytes, macrophages and
plasma cells were present within the stroma with
accumulations of well-organised, stratified squamous
epithelium supported by moderate amounts of well-
organised fibrovascular connective tissue. An irregular,
indistinct basement membrane was present beneath the
epithelium with scattered neutrophils and lymphocytes
infiltrating the epithelium. Occasional keratinocytes were
seen to exhibit dyskeratosis (Figs 4 and 5).

Discussion

Odontogenic cysts of the jaw are rare in domestic animals
(Poulet et al. 1992; Head et al. 2002; Verstraete et al. 2011).
Radicular cysts are the most common cystic lesion of human
jaws and are normally related to teeth with a nonvital pulp
cavity (Shear and Seward 1992; Underbrink and Pou 2002;
Slootweg 2009). Many radicular cysts in humans are
symptomless and are only diagnosed when radiographic
examinations of devitalised teeth are performed (Shear and
Seward 1992). Multiple radicular cysts in individual humans

0 20 40 60 80 100 μm

Fig 4: A photomicrograph showing cyst lining, made up of stratifed squamous epithelium, partially lining a cystic space. This
epithelium is supported by well-organised fibrovascular connective tissue stroma.
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are often reported (Stoelinga 1973). An association between
radicular cysts in dogs and devitalised teeth has also been
made (Verstraete et al. 2011) with this association proposed
as an important criterion for identifying radicular cysts (Regezi
and Sciubba 1993). The association with a nonvital tooth has
also been used to differentiate a radicular cyst from a
dentigerous cyst (Slootweg 2009). The importance of this
association has been emphasised as radicular cysts do not
have a specific histological appearance and have no
remarkable features, compared with other odontogenic cysts
(Slootweg 2009). Treatment of a radicular cyst associated
with a nonvital maxillary first incisor tooth in a dog consisted
of enucleation, curettage and osteoplasty in addition to
extraction of the nonvital tooth (Verstraete et al. 2011).

During embryogenesis, mesenchyme-derived fibroblasts
penetrate an ectodermal membrane, Hertwig’s Sheath, to
form the periodontal ligament (Sperber 1993). This sheath
located in the apical region of the tooth root subsequently
regresses leaving remnants within the newly formed
periodontal ligament that are known as the cell rests of
Malassez (Moore 2011). Cell rests of Malassez are stimulated
to form cystic structures in the presence of inflammation and
to occur most commonly as a result of chronic apical
periodontitis secondary to microbial invasion into the pulp
cavity of a tooth (Shear and Seward 1992; Moore 2011).
There was no definitive evidence of endodontic, periapical or
periodontal disease of the adjacent teeth; however, there
was radiographic evidence of changes in the apical
morphology in two of the teeth. A computed tomography
(CT) examination may have provided more information.
Monitoring of the cheek teeth in the third arcade will be
necessary in the future to ensure that no signs of dental
disease develop in due course.

Oral examination in this case with a dental mirror and
probing of the gingival attachment and occlusal surfaces of
the molars failed to identify a periodontal source of infection
at the apical regions and revealed regular occlusal surfaces
with no evidence of secondary dentinal fissures or defects.
Although oral antibiotic therapy was commenced by the
referring vet, this has been shown to almost never be
effective in treating apical infections of equine teeth (Dixon
et al. 2000).

Odontogenic cysts in horses are predominately
dentigerous cysts with one report of a keratocyst (Delaunois-
Vanderperren 2013) and no reports of radicular cysts.
Dentigerous cysts in horses have been reported to be
congenital defects with incomplete closure of the first
branchial cleft during embryogenesis (Carr 2012). The
inclusion of dental laminar cell rests in this area may also be
implicated in their aetiology (Rashmir-Raven et al. 1990). In
contrast to radicular cysts, dentigerous cysts and keratocysts
are not associated with an inflammatory infiltrate.

Congenital and developmental dental conditions have
been related to heritability in cattle (DeBowes and Gaughan
1998) and have been suggested in horses (Baker 1982).

Nutritional factors were suggested as a causative factor in
a case of unilateral odontogenic keratocyst in a new-born filly
(Delaunois-Vanderperren 2013). Extensive loss of mandibular
trabecular bone and the formation of extensive fibrous
connective tissue proliferation between the bony trabeculae
in this case was consistent with fibrous osteodystrophy. Fibrous
osteodystrophy is seen in horses with nutritional secondary
hyperparathyroidism due to low calcium/high phosphorous
diets (Weisbrode 2007) and is currently a rarely diagnosed
condition due to improvements in equine nutrition.

Odontogenic cysts have been diagnosed in animals using
a combination of patient case details, anamnesis, clinical
examination, radiographic examination, nuclear scintigraphy,
computed tomography and histopathological analysis (Cook
1970; Lamb and Schelling 1989; Doran et al. 2008; Moore
2011; Delaunois-Vanderperren 2013). Magnetic resonance
imaging (MRI) has also been suggested as a useful imaging
modality in the diagnosis of odontogenic cysts (Scully et al.
2010; Delaunois-Vanderperren 2013) as presumably would
computed tomography. These imaging modalities would also
have helped eliminate dental pathology as a cause of the
swelling of the cyst, as seen in other species.

The histopathological findings in this case were consistent
with the clinical history and the results of the radiographic
and ultrasonographic examinations suggestive of mandibular
cysts. Areas of bone resorption and bone remodelling,
adjacent to accumulations of well-differentiated stratified
squamous epithelium, were consistent with the formation of
benign epithelium-lined radicular cysts within the mandible.

0 20 40 60 80 100 μm

Fig 5: A photomicrograph showing extensive remodelling of the bone underlying the cystic structures with adjacent fibrosis.
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The bony remodelling, the proliferation of fibrous connective
tissue and the low-grade inflammation within the surrounding
tissue reflect a response to the expanding cystic structures.
There was no indication of epithelial atypia to suggest a
neoplastic process at the site of the cysts.

In this case, multiple extensive cystic lesions of the left
mandible were found to be in close association with the
tooth roots but presumed to have no involvement with them
and fulfilled the criteria of an odontogenic radicular cyst.

Successful treatment of radicular cysts using surgical
curettage of the cyst lining, as in this case, has been
reported in dogs (Schrader et al. 1983; French and Anthony
1996; Beckman 2003; Doran et al. 2008) with recurrence of
the cyst uncommon (Poulet et al. 1992). Successful surgical
reduction of odontogenic cysts in horses has also been
described by ‘en bloc’ resection (DeBowes and Gaughan
1998; Delaunois-Vanderperren 2013).

Filling of a cystic cavity after surgical reduction with
decalcified freeze-dried bone or an autogenous cancellous
bone graft has been suggested in dogs and horses
depending on the cyst location and the need to enhance
skeletal support at the site (Schrader et al. 1983; DeBowes and
Gaughan 1998; Doran et al. 2008). These techniques could
have been utilised in this case to assist in post-operative
healing. Removal of compromised teeth due to displacement
by radicular cysts has been recommended (Doran et al. 2008)
and may still have to be considered in the future if any signs
of dental disease are identified on oral examination.

Surgical curettage was used to successfully treat
extensive radicular cysts in this case and resulted in a return
to normal appearance of the mandible.

The initial radiographs were not consistent with cyst
formation, which could lead to the lack of an initial diagnosis
in the early stages of similar cases or an unduly pessimistic or
incorrect prognosis. With time, the radiographic appearance
of the cysts became more obvious facilitating diagnosis.
Additional imaging modalities such as nuclear scintigraphy,
magnetic resonance imaging and computed tomography
may have been of benefit in this case.

Clinical relevance

To our knowledge, there are no previous reports of radicular
cysts in the horse. Radicular cysts should be considered in the
differential diagnosis of mandibular swellings in horses. Surgical
curettage of the radicular cysts in this case report enabled a
full resolution of the clinical signs in the follow-up period and is
recommended in the treatment of radicular cysts in horses.
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Summary
A 17-year-old Irish Sport Horse gelding was referred to the
University College Dublin Veterinary Hospital for low-grade
colic that had been nonresponsive to medical treatment.
Diagnostic investigation revealed a marked septic peritonitis.
The inciting cause was detected by gastroscopy to be a
perforating foreign body in the pylorus of the stomach from a
briar of a blackthorn plant (Prunus spinosa spp.). Successful
removal of the foreign body was achieved surgically via
gastrotomy. The horse subsequently developed a multi-drug
resistant abdominal incision site infection, which was
successfully managed over a 2-month period. Abdominal
incisional herniation occurred thereafter. Six months post-
operatively, the horse was back in light work and no further
adverse sequelae had been noted.

Introduction

Peritonitis in the horse refers to inflammation within the
peritoneal cavity, with total nucleated cell counts typically
greater than 5–10 9 109 cells/L (Hillyer and Wright 1997; Davis
2003). It is categorised as primary or secondary, generalised
or localised, septic or nonseptic, and per-acute, acute or
chronic (Hillyer and Wright 1997). Perforating gastrointestinal
foreign bodies as a cause of peritonitis and associated colic
are relatively uncommon in horses, as they tend to be
discerning grazers compared to other species. The most
commonly described foreign bodies of the alimentary canal
include metal wires perforating the cranial cervical region
(Bell et al. 2007), tongue (Pusterla et al. 2006) and jejunum
(Dobson and Lopez 1981; Davies 1983; Saulez et al. 2009;
Rosso et al. 2012). Less commonly, nonmetallic foreign
bodies, including porcupine quills (Modransky et al. 1983;
Anderson et al. 2014), and pieces of wood (Ramirez et al.
1997) causing jejunal perforation, have been documented.

The following case report details the presence of a
blackthorn briar foreign body that had lodged at the pyloric
outlet and perforated the gastric wall, causing a secondary,
septic peritonitis. To the authors’ knowledge, this is the first
case report detailing the gastroscopic detection and
successful surgical removal and post-operative management
of a perforating blackthorn briar foreign body in the stomach
of a horse.

Case history

A 17-year-old Irish Sport Horse gelding presented to the
University College Dublin Veterinary Hospital with a history of
36 h of mild colic. Clinical signs reported by the owner

included abnormal stretching behaviour, pawing and lip
curling. Treatment with phenylbutazone (Phenylarthrite1 2 g
i.v.) by the primary veterinarian had not relieved the
symptoms, so the horse was referred for further clinical
investigation.

Clinical presentation

On initial presentation the horse, weighing 584 kg, was found
to be quiet but responsive and did not show any overt signs
of colic. Vital parameters were within normal limits. Mucous
membranes were slightly tacky and the capillary refill time
was 2 s. Intestinal borborygmi were present but decreased in
all four quadrants. The clinical examination was otherwise
unremarkable.

Diagnostic tests

Samples were submitted for haematology and biochemistry.
Abnormalities detected included mild anaemia (Hct: 0.31 I/L,
ref: 34–47 I/L; Hgb: 112 g/L, ref: 116–189 g/L), hyper-
fibrinogenemia (3.89 g/L; ref: 0–2 g/L) and an increased
number of band neutrophils (0.38 9 109/L; ref: 0–0.1 9 109/L),
although the total white cell (5.38 9 109/L; ref: 4.37–
8.96 9 109/L) and mature neutrophil (3.6 9 109/L; ref: 2.22–
5.8 9 109/L) counts were within normal limits. A faecal egg
count showed zero strongyle eggs per gram.

Ultrasonography of the thorax and abdomen was largely
unremarkable. The areas of stomach imaged appeared within
normal limits and no increased small intestinal wall thickness
was seen. Scant amounts of hypoechoic free peritoneal fluid
were identified in the cranio-ventral abdomen however routine
abdominocentesis yielded thick, cream-coloured fluid.
Lactate therein measured 4.9 mmol/L, in contrast to the serum
lactate of 1.39 mmol/L, suggestive of a bacterial cause of the
effusion (Tennent-Brown 2012). The sample was submitted for
culture and cytology to confirm this suspicion.

An intravenous catheter was placed and supportive fluid
therapy was administered (compound sodium lactate (Vetivex
112) at 5 mL/kg bwt per hour). Antimicrobial and anti-
inflammatory treatment for suspected septic peritonitis was
commenced. Broad-spectrum antimicrobial treatment
consisted of procaine penicillin (Depocillin3 22,000 i.u. i.m.
b.i.d.), gentamicin (Gentaject4 6.6 mg/kg bwt i.v. s.i.d.)
and metronidazole (Flagyl5 25 mg/kg bwt per os b.i.d.).
Anti-inflammatory treatment consisted of flunixin meglumine
(Flunixin6 0.55 mg/kg bwt i.v. b.i.d.). Prophylactic omeprazole
treatment (Peptizole6 4 mg/kg bwt per os s.i.d.) for gastric
ulceration was administered.
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Results from the abdominocentesis revealed an exudate
with an extreme neutrophilic inflammation (total nucleated
cell count: 441 9 109/L). Several neutrophils appeared to
contain intra-cellular particles suspected to be phagocytosed
bacteria. Extra-cellular bacteria were also seen (Fig 1).
Streptococcus equi ssp. zooepidemicus and Actinobacillus
equuli were cultured from the sample, both of which
were broadly sensitive to most antibiotics, including those
that were being administered. Septic peritonitis was
diagnosed.

Gastroscopy was performed to rule out a space
occupying lesion and/or gastric ulceration. Instead it
revealed a blackthorn briar foreign body deep in the pyloric
outlet (Fig 2). Attempts to manipulate or grasp it with
trans-endoscopic instruments were unsuccessful as it
appeared to be firmly embedded in the tissue. Given the
likelihood that the briar had perforated the gastric wall and
initiated the peritonitis, the decision was made to remove it
surgically via gastrotomy.

Surgical procedure

Prior to induction, the horse received perioperative antibiotic
and anti-inflammatory therapy as described above. The horse
was sedated with xylazine (Chanazine7 0.55 mg/kg bwt i.v.)
and morphine (Morphine Sulphate8 0.2 mg/kg bwt i.v.) prior
to induction of anaesthesia with ketamine (Ketamidor7

2.2 mg/kg bwt i.v.) and diazepam (Diazemuls9 0.05 mg/kg
bwt i.v.). The horse was placed in dorsal recumbency and
maintained under general anaesthesia using Isoflurane
(Isovet7).

Routine aseptic preparation and draping of the surgical
site was performed. A ventral midline laparotomy was made

a) b)

c) d)

Fig 1: Abdominocentesis cytology from Day 1 of presentation. From clockwise: a) Low power magnification field showing an extreme
neutrophilic leucocytosis. b) High power magnification showing cytophagia of a neutrophil by a mononuclear cell. c) High power
magnification of neutrophils with intracellular debris, suspected to be phagocytosed bacteria. d) An extracellular bacterium.

Fig 2: Gastroscopy image showing the foreign body lodged in
the pyloric region of the stomach.
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in the cranial abdomen, extending from just caudal to the
xiphoid process for approximately 30 cm caudally (Parker
et al. 2011). The large colon was exteriorised to facilitate
access to the stomach, and draped to prevent
contamination.

Transmural palpation of the stomach could identify the
foreign body within the pyloric region. Stay sutures were
placed in a cruciate pattern, positioned at four corners
10 cm apart around the proposed gastrotomy site on the
greater curvature of the stomach, through serosa, muscularis
and submucosa, using 4 metric polyglactin 910 (Vicryl10)
(Parker et al. 2011). The stay sutures were then used to
elevate the stomach to the abdominal incision. In order to
help reduce abdominal contamination, a barrier drape
(BUSTER sterile drape11) was then sutured circumferentially in
a simple continuous pattern using 4 metric polydioxanone
(PDS II10) to the stomach wall, around the proposed
gastrotomy site.

Initially, a 3 cm linear, full thickness incision was made into
greater curvature of the stomach and a 48 cm smooth
grasping forceps used to attempt retrieval of the briar via a
minimally invasive technique. This was not possible due to the
way in which the briar was embedded within the stomach
wall. The incision was therefore extended to 10 cm to
accommodate manual retrieval of the foreign body. It was
later appreciated to be a three-pronged briar, measuring
12.3 cm at its longest point with multiple spikes along its
length (Fig 3). After removal of the briar, the pyloric
perforation site could not be visualised. The defect it had
caused in the gastric wall was not palpable and no abscess
was appreciated. No oversew of the affected region was
therefore performed. There was only mild thickening of the
pyloric region appreciated on palpation, and minimal
amounts of fibrinous deposits found in this region.

The gastrotomy was closed with 3.5 metric polydioxanone
(PDS II10) in a 3-layer cushing pattern and the barrier drapes
removed. The surgeons’ gloves and gowns were changed
before copiously lavaging the gastrotomy site with sterile
saline (NaCl 0.9%8). The stay sutures were removed, releasing
the stomach to its normal position. Exploration of the
remainder of the abdomen was unremarkable, aside from

two focal regions of serosal irritation, inflammation and
thickening on the jejunum and ileum.

The large colon and caecum were replaced in normal
orientation. Copious abdominal lavage was performed with
30 L of compound sodium lactate (Vetivex 112). Two passive
32Fr (6.6 mm outer diameter) thoracic drains12 were placed
in the abdomen, approximately 10 cm abaxial of the ventral
midline on either side, and closed with the cut-off finger of a
sterile glove. The linea alba was closed using 8 metric
polyglactin 910 (Vicryl10) and the subcutaneous tissue with 3.5
metric polyglecaprone 25 (Monocryl10) in simple continuous
pattern, and skin closed with stainless-steel staples (Reflex
TL13). A sterile stent was sutured over the wound and an
abdominal bandage placed for recovery. Total surgery time
was 3 h 30 min and total anaesthetic time was 3 h 55 min.

Post-operative management

The horse recovered uneventfully from surgery and was
routinely managed in the post-operative period. The vital
parameters returned to their pre-operative state within 16 h
and comfort levels remained stable with the administration
of flunixin meglumine (Flunixin6 0.55 mg/kg bwt i.v. b.i.d.).

Haematology and biochemical analysis on Day 1 post-
operatively revealed a neutrophilic leukocytosis (13.99 9 109/L)
with a persistent left shift (5.88 9 109/L). Handfuls of grass
were offered hourly and tolerated without issue. This was
increased on an incremental basis daily, to a point where
the horse was ad lib grazing in a small paddock by Day 7.
Additional concentrate feeds of 1 kg of a 10% protein
cereal based feed and 300 g of an alfalfa-based product
were introduced three times daily after this time.

On Days 2 and 3 after surgery, a high volume
abdominal lavage was carried out once daily using 15 L of
warmed compound sodium lactate (Vetivex 112). After this
point, the drains ceased to be patent due to omental
occlusion, and were therefore removed. The incisional site
was cleaned twice daily with sterile saline and dry swabs,
and covered with sterile gamgee (Veterinary Gamgee14)
and a colic abdominal bandage (Kruuse equine post colic
surgery kit11).

By Day 5 post-operatively the horse’s neck muscles were
sore from repeated penicillin injections. The penicillin and
gentamicin combination therapy was therefore ceased and
changed to enrofloxacin (Baytril15 7.5 mg/kg bwt i.v. s.i.d.), to
which both bacteria previously isolated from the
abdominocentesis were sensitive. Metronidazole therapy was
continued. That night, the horse developed a fever of 39.3°C
that was responsive to flunixin meglumine (Flunixin6 0.55 mg/
kg bwt i.v.). Fever did not reoccur thereafter.

Gastroscopy on post-operative Day 6 revealed no remnant
of the foreign body in the pyloric region. Abdominocentesis
showed a neutrophilic, nonseptic inflammation with a resolving
total nucleated cell count (34.98 9 109/L). Purulent material,
however, was seen emanating from the incisional site in the
abdominal wall. Ultrasonography of the ventral abdomen and
incision site showed multiple hypoechoic, poorly defined
regions within the cranial aspect of the incision site. The areas
of hypoechogenicity were associated with the subcutaneous
tissues deep to the skin staples, and appeared to extend
across the body wall into the peritoneal cavity. Cellulitis with
communication of the surgical site and the peritoneal cavity
was diagnosed.

Fig 3: The removed blackthorn briar foreign body. The part
perforating the stomach wall measured 12.3 cm in length. It also
contained numerous spikes that anchored it in the pyloric
mucosa.
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A swab of the draining material was submitted for culture
and sensitivity and trimethoprim sulfadiazine (Noroprim6

30 mg/kg bwt per os b.i.d.), which both bacteria had
previously been sensitive to, was added alongside the
enrofloxacin and metronidazole therapy whilst results were
pending. These were received on Day 8 after surgery,
showing a Streptococcus equi ssp. zooepidemicus and an
Escherichia coli, the latter of which was not sensitive to either
enrofloxacin or trimethoprim sulfadiazine. This antibiotic
combination was therefore discontinued, and oxytetracycline
(Engemycin16 6.6 mg/kg bwt i.v. b.i.d) therapy started, to
which the E. coli was sensitive. Flunixin therapy was also
discontinued and no further colic episodes were seen. By Day
11, the wound had made little improvement. A repeat
culture of the draining material showed predominant growth
of a multi-drug resistant E. coli. All antibiotics were stopped
and treatment was focused on addressing the infection.

Surgical site infection management

Dakin’s solution (Dakin 1915), a 1:10 sodium hypochlorite:
sterile saline solution was used to topically clean the incisional
site twice daily, and silver sulphadiazine (Flamazine17) was
applied over the incision site once daily. This was continued
for 16 days, with intermittent periods of time where the
abdominal bandage was left off during the daytime to allow
the incision site to dry. For the following 3 weeks, the site was
cleaned with dry swabs twice daily. Between Day 36–45
post-surgery, silver sulphadiazine (Flamazine17) cream was
applied once daily. The belly bandage was left in place 24 h
a day during this time, as the incisional site swelling remained
very prominent and there was concern over midline
herniation occurring. Regular ultrasonographic evaluation of
the ventral abdominal region was carried out throughout this
period of time.

On Day 53 post-operatively, another culture of the
abdominal incision site showed that the multi-drug resistant
E. coli was no longer present. Ultrasonographic evaluation on
Day 64 showed suture site subcutaneous phlegmon, although
herniation was not definitively identified at this time. The horse
was deemed fit for discharge on Day 66, with instructions to
keep it box rested with turnout to a restricted paddock for
grazing. It was also advised to continue to keep the surgical
incision site covered with a clean gamgee underneath the
abdominal bandage at all times, changing it 2–3 times a day
as necessary.

Outcome

The horse was re-evaluated at 3 weeks’ post-discharge, and
once a month thereafter. At 3 weeks’ post-discharge, there
was bulging and thinning of the body wall at the cranial and
caudal aspects of the surgical site, with normal peritoneal
margins deep to the thinned body wall. Abdominal
herniation at the incision site without evidence of entrapment
was diagnosed.

At 5 months’ post-operatively, the horse was back to its
original body weight. It slowly returned to walking exercise
under the saddle, which it tolerated without issue. By the 6-
month review, ultrasonographic examination found static
herniation of peritoneum through the defects in the
abdominal body wall musculature. No evidence of adhesions
was detected. On-going abdominal support using the

abdominal bandage was recommended at all times when
the horse was not being ridden. No further colic episodes
were reported and apart from the residual pendulous fibrotic
tissue along the ventral abdomen, the incisonal site was
completely healed.

Discussion

As the potential causes for peritonitis in the horse are many
and varied, a methodical approach needs to be
undertaken when evaluating such cases. Gastroscopy was
carried out mainly to evaluate for the presence of
potentially severe gastric ulceration and/or a space
occupying lesion. Discovery of a perforating foreign body
deep down at the pyloric outlet was most unexpected. This
finding emphasises the importance of correct and
adequate visualisation of this region during all gastroscopy
procedures. In addition, gastroscopy should be included as
part of all peritonitis work-ups to help differentiate
idiopathic from secondary cases.

The surgical approach adopted in this case proved to be
efficacious in achieving adequate access and visualisation of
the region of interest. However, as the circumferential barrier
drapes were initially placed with a small gastrotomy incision
in mind, when it was later extended, the incision extended to
the margin of the drapes, meaning they were less effective in
providing protection from contamination to the abdominal
cavity. This could have increased the risk of a surgical site
infection. Ideally, the circumferential barrier drape should
have been sutured significantly distant from the gastrotomy
incision to facilitate the latter being extended to
accommodate manual access to the stomach. The
placement of wet laparotomy sponges circumferentially
around the gastrotomy incision site may have also further
helped to reduce contamination, especially in light of the
fact that the perforated area could not be closed.

The most commonly described bacteria found in the linea
alba after ventral midline celiotomy surgery include
Streptococcus spp., Staphylocococcus spp. and E. coli
(Ingle-Fehr et al. 1997), similar to what was cultured from the
surgical site in this case. Hospitalisation and the administration
of antimicrobial drugs have been identified as factors leading
to increased antimicrobial resistance and multi-drug
resistance in commensal E. coli in horses (Dunowska et al.
2006; Bryan et al. 2010) which by their nature populate the
horse’s environment. Furthermore, hospitalisation,
antimicrobial use and colic surgery have been identified as
factors leading to increased antimicrobial resistance and
multi-drug resistance in commensal Staphylococcus spp. in
horse skin (Schnellmann et al. 2006). Hospitalisation, colic
surgery and the use of multiple antimicrobials in this horse are
likely to have predisposed it to developing a multi-drug
resistant incisional site infection.

The use of Dakin’s solution (Dakin 1915) appeared to be
efficacious at helping to eradicate the multi-drug resistant
E. coli in this case. Having fallen out of favour in human
medicine decades ago due to its perceived adverse effects
on wound healing, in recent times its use and efficacy has
been revised (Doughty 1994; Levine 2013). It is now being
re-introduced to certain wound management protocols with
beneficial effects (Cornwell et al. 2010; Raad et al. 2010;
Altunoluk et al. 2012). Further study into its use in veterinary
medicine is perhaps warranted.
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Whilst the significance of the ventral midline hernia as a
result of the surgery and its subsequent complications
cannot be underestimated, the otherwise full recovery of
the horse within a 6 month period, and successful return to
light work thus far can be deemed a positive overall
clinical outcome. Whilst it would be possible, and may be
preferential to carry out a ventral midline or laparoscopic
hernia repair, the owners have declined any further surgical
treatment.

Conclusion

To the authors’ knowledge, this is the first case report to
describe the successful diagnosis, surgical treatment and
post-operative management of a septic peritonitis secondary
to a blackthorn briar gastric foreign body in the horse. It
details a successful surgical approach to carrying out a
gastrotomy in an equine, whilst highlighting the number of
challenging post-operative complications that may be
encountered in undertaking such a procedure.
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cause of many professional mistakes. Most importantly, we
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Case Report

Treatment of mycotic tracheitis in a horse with fluconazole and
systemic iodine
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Summary
Fungal infections of the equine trachea have been rarely
reported. This case report describes the successful treatment
of a mare with fungal infection of the trachea that had severe
diffuse granulomatous thickening, erosions and haemorrhage
of the proximal half of the trachea. The horse was treated
with oral fluconazole and systemic iodine therapy. Serial
endoscopic examinations confirmed rapid resolution of the
condition.

Case history

A 20-year-old Quarter Horse cross mare was presented to
Carolina Equine Hospital for evaluation of upper respiratory
noise and blood-tinged bilateral nasal discharge of several
days’ duration. The mare had no previous history of systemic
illness and was ridden regularly without symptoms. The owner
had recently noticed blood-tinged mucus at the nares on
one occasion and could intermittently hear upper airway
sounds at rest in the stall. The horse had been in its current
location for 8 years and was vaccinated for respiratory viruses
(equine influenza and equine herpes 1, 4) every 6 months.
There was no history of weight loss, cough or exercise
intolerance and no evidence of respiratory disease in other
horses on the premises.

Clinical findings

Upon presentation at the hospital, the horse was bright and
alert, and vital parameters were within normal limits. Body
condition score was 6/9. Respiratory rate was 16 breaths/min
and resting respiratory effort was normal. There was scant
bilateral mucohaemorrhagic nasal discharge and the
proximal cervical trachea had generalised thickening on
external palpation. Very mild inspiratory stridor was audible.
The horse was not sensitive to tracheal palpation, there was
no inducible cough and baseline thoracic auscultation was
normal. A rebreathing bag was placed for further pulmonary
auscultation which precipitated sudden severe anxiety in the
horse with near collapse. The bag was removed and the
mare’s condition quickly normalised.

Upper airway endoscopy was subsequently performed
and upon entering the nasopharynx, there was acute
complete pharyngeal collapse accompanied by severe
anxiety. The endoscope was removed and a tracheotomy
immediately performed to facilitate a patent airway. Repeat
endoscopy revealed a necrotic border on the caudal aspect
of the arytenoids. Tracheal examination showed severe

diffuse granulomatous thickening, erosions and haemorrhage
of the proximal half of the trachea (Fig 1). Uterine biopsy
forceps were passed through the tracheostomy and tracheal
mucosal and submucosal biopsy samples collected under
endoscopic guidance for bacterial and fungal culture and
histopathology. The mare was initially treated with ceftiofur
(Excede1 6.6 mg/kg bwt i.m.), firocoxib (Equioxx2 0.09 mg/kg
bwt i.v. s.i.d.) and a tracheotomy tube placed to maintain a
patent airway while laboratory results were pending.

Complete blood count and serum biochemistry analysis
were performed revealing anaemia (Haematocrit 24%, rr
32–50%), lymphopenia (1.3 9 109/L, rr 1.5–7.7 9 109/L), mild
hyperglycaemia (glucose 7.4 mmol/L, rr 3.3–6.9 mmol/L) and
hyperglobulinaemia (52 g/L, rr 22–44 g/L). Other red blood
cell indices and plasma fibrinogen levels were within the
normal range (1.9 g/L, rr 0.7–2.3 g/L). Results were deemed to
be consistent with stress, chronic infection with possible
contributing chronic mild tracheal blood loss. Bacterial
culture produced light growth of Enterococcus sp. which was
not thought to be disease-causing in this case, due to
extensive pathology that was observed. Fungal culture did
not produce any growth. Histopathological examination
demonstrated extensive ulceration of the tracheal mucosa.
An exudate of fibrin and degenerative eosinophils was
present and there was active fibroplasia of the submucosa.
Degenerative eosinophils encompassed nonstained hollow
unstained hyphae-like structures. The structures stained
positive with both periodic acid-Schiff (PAS) and Gomori
methenamine-silver (GMS), confirming the presence of
fungal hyphae. The microscopic diagnosis was severe,
chronic-active, ulcerative, eosinophilic, lymphoplasmacytic
mycotic tracheitis. Histopathological findings were consistent

Fig 1: Endoscopic appearance of trachea on Day 1
demonstrating diffuse granulomatous thickening, erosions and
haemorrhage.

© 2017 EVJ Ltd

298 EQUINE VETERINARY EDUCATION
Equine vet. Educ. (2019) 31 (6) 298-300

doi: 10.1111/eve.12811



with previous descriptions of conidiobolomycosis in horses
(Miller and Campbell 1984; Steiger and Williams 2000) and a
decision was made to treat for primary fungal origin tracheal
infection.

Treatment and case progression

The mare was treated with sodium iodide (Sodium iodide
solution 20%3 44 mg/kg bwt i.v. s.i.d.) for 14 days, then with
organic ethylenediamine dihydroiodide (Organic iodide
powder4 20 mg/kg bwt per os b.i.d.). No adverse effects
attributable to iodide therapy were noted at any time during
the course of the i.v. or oral treatment. Fluconazole5 therapy
(14 mg/kg bwt per os loading dose followed by 5 mg/kg bwt
per os s.i.d.) was concurrently instituted. The tracheostomy
site was maintained and cleaned daily for 10 days, at which
time endoscopy confirmed that pharyngeal collapse was no
longer occurring and tracheal lesions were showing marked
improvement (Fig 2). At that time, the tracheal lining showed
slight roughening with some white flaking and no visible
erosive or granulomatous lesions. The tracheostomy tube was
removed and the tracheostomy site allowed to heal by
second intention. The horse was discharged from the hospital
and maintained at home on the oral anti-fungal medications
until re-examination. On Day 40, temperature, pulse and
respiration were normal and there was no nasal discharge.
There was very minimal externally palpable thickening of the
trachea. Endoscopy showed barely perceptible roughening
of the tracheal mucosa, healing of tracheostomy site and a
single prominent tracheal ring. Serum biochemistry analysis
revealed normalisation of the hyperglycaemia and
hyperglobulinaemia. Fluconazole therapy was discontinued
on Day 54 and oral iodide discontinued on Day 96. At the
time of recheck examination on Day 120, the horse was
being ridden lightly and continued to be asymptomatic.
Physical examination findings were normal and the trachea
palpated normal externally. Endoscopy showed barely
perceptible roughening of the tracheal mucosa and there
was no evidence of return of granulomatous lesions (Fig 3).
At the last re-evaluation, the horse had continued to remain
free of respiratory symptoms for 36 months after medications
were discontinued and endoscopy was not performed again.

Discussion

Fungal infection of the equine trachea is rare. To the author’s
knowledge, this is only the second reported case in the equine

literature detailing the successful treatment of mycotic tracheitis
(Steiger and Williams 2000). Fungal infections of various portions
of the equine upper respiratory tract have been reported to
include conidiobolomycosis, cryptococcosis, pseudalleschiosis,
aspergillosis, coccidioidomycosis, blastomycosis, histoplasmosis,
paecilomycosis and candidiasis (Stewart and Salazar 2005) and
are challenging to diagnose and treat. The gross appearance
and microscopic description in this case was consistent with
Conidiobolus spp.. Conidiobolus coronatus is a member of the
equine phycomycosis disease complex and infections in horses
have been associated with much of the upper respiratory tract.
Other organisms in this complex include Pythium and Basiobolus
spp. Conidiobolus and Basidiobolus spp. are saprophytic fungi
of the class Zygomycetes and order Entomophthorales and are
found predominantly in tropical and subtropical climates (Tan
et al. 2010). It has been suggested that zygomycosis is a more
taxonomically correct term to describe infections with these
organisms (Gonzalez et al. 2002). The Entomophthorales
inhabit soil humus, leaves from deciduous trees and decaying
plant material in tropical climates and infect healthy,
immunocompetent individuals (Taintor et al. 2003). The
mechanism of infection with zygomycoses remains unclear, but
it has been suggested that direct contact with soil-borne spores
or mechanical infections via insects depositing spores directly
on the nostrils may be likely (Cafarchia et al. 2013). The horse in
this report had resided in North Carolina and was found to be
healthy in all other respects and no signs of immunocompromise
or concurrent disease was evident leading up to the infection,
or during convalescence.

Clinical signs associated with equine fungal upper
respiratory infections are often insidious. Symptoms may include
inspiratory or expiratory upper respiratory noise, unilateral or
bilateral serosanguinous, or mucopurulent nasal discharge and
less commonly facial swelling, coughing or dyspnoea (Miller and
Campbell 1982; Taintor et al. 2003). Lesions in most cases are
confined to the nasal passages, pharynx, paranasal sinuses,
guttural pouches, or lungs. The unusual location of the infection
in this case led to the manifestation of the specific clinical signs
seen. This horse had a very brief history of mucohaemorrhagic
nasal discharge and upper airway noise, despite the extensive
tracheal pathology present. This case, as well as the single
previously described case (Steiger and Williams 2000), also had
externally palpable thickening of the proximal trachea and
tracheal rings. This is an important finding that can easily be
evaluated during the clinical evaluation of suspect cases.

Fig 2: Endoscopic appearance of trachea on Day 10 showing
improvement in the appearance of tracheal lining.

Fig 3: Endoscopic appearance of trachea on Day 120 with
barely perceptible roughening of the tracheal mucosa and no
evidence of granulomatous lesions.
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Diagnosis of fungal infections of the equine trachea is
similar to diagnosis of all fungal infections of other areas
of the upper respiratory tract. Endoscopic visualisation of
granulomatous lesions of the respiratory mucosa is consistent
across fungal infections. Cytology or histopathology help to
differentiate these from neoplasia. Conidiobolomycosis
specifically can be tentatively diagnosed on the basis of
clinical signs, culture and histopathology. Histological
examination of equine phycomycoses reveals eosinophilic
exudate and hyphae surrounding sequestered necrotic
masses while distinguishing C. Coronatus requires the presence
of thin-walled, highly septate and irregularly branched hyphae
(Miller and Campbell 1984; Zamos et al. 1996).
Immunodiffusion or PCR may also be helpful in determining the
precise organism involved. Although testing is not widely
available, it has been suggested that detection of serum
antibodies against C. coronatus by immunodiffusion is highly
sensitive and specific and can be used to monitor response to
treatment (Steiger and Williams 2000; Stewart et al. 2008). In
the horse in this case, microbiological culture did not yield
fungal growth. Fungal disease was diagnosed based on
histopathology results which were consistent with
conidiobolomycosis. Fungal organisms often have specific
growth requirements, may take a long time to grow and can
be overgrown by contaminant bacteria so negative cultures
do not rule out fungal organisms as the causative factor. The
case was medically managed for phycomycosis and
presumptively as conidiobolomycosis, although a definitive
identification was not made.

Treatment options for phycomycosis in horses include
surgical excision, antifungal drugs, systemic iodides and
immunotherapy and are often unsuccessful due to the
inaccessible location of many lesions (Zamos et al. 1996;
Taintor et al. 2003). Treatment duration is often lengthy,
extending for months or years. The location and extensive
nature of the tracheal lesions in this case made surgical
excision and local intralesional medication difficult, leading to
the decision to attempt systemic medical therapy. Iodine
therapy was chosen because of ease of use and inexpensive
nature. The precise mechanism of iodides in
conidiobolomycosis remains elusive. Iodides may have a
beneficial effect on the granulomatous inflammatory process;
however, their efficacy is considered limited at best (Stewart
et al. 2008). Side-effects such as excessive lacrimation, cough
and dermatitis can be seen with iodine use, but none of
these were observed in this case. Amphotericin B has been
used to successfully treat horses with conidiobolomycosis, but
was not used in this case due the expense and potential
nephrotoxicity. The pharmacokinetics and bioavailability of
oral fluconazole have been described in horses (Latimer et al.
2001) and there are reports of successful treatment in equine
conidiobolomycosis cases (Taintor et al. 2004). The mare in
this report was treated with fluconazole in total for 54 days.
Interestingly, lesions had shown significant improvement within
10 days of the initiation of medical therapy and gross
resolution was apparent by Day 40. In one previously
described report of fungal tracheitis, a horse was treated with
systemic iodide therapy for 1 year before signs of respiratory
disease had disappeared (Steiger and Williams 2000). It is
unclear if the drug combination, or possibly the functional
rest of the proximal trachea that was afforded by the

tracheostomy, contributed to the quick resolution of the
condition in this case.

The diagnosis and successful treatment of fungal origin
tracheal infection with systemic iodine and fluconazole
therapy has been outlined in this case report. This type of
equine tracheal fungal infection has rarely been reported,
especially in nontropical climates, but should be given
diagnostic consideration given the appropriate symptoms
and gross appearance of granulomatous tracheal lesions.
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Conidiobolus coronatus fungal upper respiratory infections in horses
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Mark Wallace presents a case of fungal tracheitis, which
although not definitively confirmed by microbiologic culture,
PCR or serology; the geographic region, upper respiratory
tract location, histopathological diagnosis and response to
fluconazole treatment is typical of lesions due to Conidiobolus
coronatus (Wallace 2019). This organism appears to be the
most common cause of fungal infections of the respiratory
tract of horses in the south-eastern United States. Endoscopic
lesions are quite typical, initially appearing as multifocal
slightly raised regions within the mucosa, often having a
pocked appearance (Fig 1). More severe lesions progress to
bleeding ulcerated granulomas (Fig 2). Large granulomatous
masses do not tend to form as typically seen with
cryptococcal lesions of the nasopharynx and sinuses (Cruz
et al. 2009; Stewart et al. 2009). Cryptococcal infections are
also less common in the geographic region than
conidiobolomycosis infections.

Although the histopathology section is not shown, fungal
hyphae of C. coronatus typically do not stain with routine
haematoxylin–eosin stains. In this case, a large number of
degenerate eosinophils were observed surrounding the
hyphae-like structures. As discussed by Wallace, this is very
typical for Entomophthorales (Wallace 2019). In our experience,
frequently there is a deposition of amorphous, eosinophilic,
hyaline material known as Splendore-Hoeppli phenomenon
surrounding around hyphae of C. coronatus (Fig 3). These are
radiating deposits of host-derived material secreted in response
to infection with various fungi, helminths or bacterial colonies.
Occasionally a histopathology section, or frequently a
cytological preparation will lack the fungal organism and the
presence of eosinophils or eosinophilic material is highly

suggestive of conidiobolomycosis if sampled from the upper
respiratory tract of a horse in the south-eastern USA. As there
are very few fungal organisms where the morphological
characteristics of fungal hyphae are specific, histopathology
can rarely be used alone to make a definitive diagnosis even if
hyphae are observed (Guarner and Brandt 2011).

The nomenclature describing C. coronatus in the
veterinary literature has become increasing confusing due to
new understanding of genetics made available by DNA
sequencing. The historical term of the term zygomycosis has
been replaced by mucormycosis and entomophthoramycosis;
which describes ribbon-like, pauciseptate, hyaline moulds. In
2007, a group of 67 international fungal taxonomists published
a phylogenetic reclassification of the kingdom Fungi.
Zygomycota was eliminated and taxa distributed into the
phylum Glomeromycota and four subphyla. The Mucorales
and Entomophthorales were raised to the rank of subphyla
Mucoromycotina and Entomophthoromycotina (Hibbett et al.
2007). The Entomophthorales are pathogens of insects but
Basidiobolus ranarum and C. coronatus can cause disease
in immunocompetent mammals. The Mucorales, such as
Rhizopus and Mucor spp. tend to be associated with acute
angioinvasion in immunocompromised hosts. The intense
inflammatory reaction produced by immunocompetent
hosts to Entomophthorales is typical, with granulomatous
inflammation, neutrophils, eosinophils, fibrosis and granulation
tissue observed (Guarner and Brandt 2011).

Over a 12-year period at Auburn University in Alabama,
we treated approximately 10 cases of nasopharyngeal
conidiobolomycosis (or suspected conidiobolomycosis based

Fig 1: Endoscopic image of raised masses caused by
Conidiobolus coronatus in the nasopharynx of a horse.

Fig 2: Endoscopic image of multifocal ulcerated raised masses
caused by Conidiobolus coronatus in the nasopharynx of a
horse.
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on cytologic or histopathological diagnosis) in horses with
fluconazole, and attempted treatment in one goat. All horses
that received 2–4 months of fluconazole were successfully
treated. Since the first publication of the successful treatment of
conidiobolomycosis in two horses with fluconazole (Taintor et al.
2004) the dose of fluconazole that we have used is the same as
that used byWallace (2019), i.e. a loading dose of 14 mg/kg bwt
followed by 5 mg/kg bwt every 24 h, as per Latimer’s
pharmacokinetic study (Latimer et al. 2001). Iodides were rarely
used. Treatment with fluconazole was generally continued for 2–
4 weeks after resolution of clinical signs and endoscopic
improvement. It is unknown if the duration of therapy could be
reduced. One case that was treated for only 2 weeks initially
responded, but relapsed and was successfully treated after a
more prolonged course. Generally the cost of fluconazole is less
than the costs of an extensive diagnostic re-evaluation with
repeat biopsy, culture and cytology/histopathology. The cost of
fluconazole has been markedly reduced since the availability of
generic products. Compounded fluconazole formulations are
very stable and can also be utilised.

The exact mode of action of iodides is unknown, however,
they seem to have a beneficial effect by inhibiting the
granulomatous inflammatory process. Iodides have very little, if
any direct in vitro antimicrobial effect (Plumb 2002). Although
several successful cases of equine fungal disease are reported in
which iodides were used as primary or adjunctive therapy,
overall efficacy is considered limited at best (Steiger andWilliams
2000). Treatment is inexpensive, but toxicity and resistance can
occur. Iodide toxicity is characterised by excessive lacrimation,
increased respiratory secretions, nonproductive cough and
dermatitis (Steiger and Williams 2000; Plumb 2002). The
recommended dose of 20% sodium iodide is 20–40 mg/kg bwt/
day i.v. for 7–10 days (French et al. 1985; Zamos et al. 1996;
Steiger and Williams 2000; Scott 2003). Orally administered iodine
is available in two forms. Inorganic potassium iodide (10–40 mg/
kg bwt/day) is available only as a chemical grade product and is
unstable in the presence of light, heat and excessive humidity
(Zamos et al. 1996; Scott 2003). Organic ethylenediamine
dihydriodide (0.86–1.72 mg/kg bwt of EDDI, is equivalent to

20–40 mg/kg bwt/day of the 4.57% dextrose powdered form) is
commercially available (Scott 2003). Administration of iodine in
the diet of pregnant mares may cause congenital
hypothyroidism in foals, and should be avoided.
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Clinical management of superficial complicated corneal
ulcerations infected with newly identified fastidious bacteria with
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Summary
This case series addresses a clinical approach to a specific
type of infected corneal ulceration in horses; the slow-healing
superficial complicated corneal ulceration involving a
fastidious or possibly newly identified bacteria for which no
antibiotic sensitivity can be determined. These corneal
ulcerations present as superficial, nonhealing lesions that
appear infected based on cellular infiltration of the cornea.
Because they are superficial, they do not appear to be as
serious to the referral veterinarian as deep stromal corneal
ulcerations. However, superficial corneal ulcerations are
complicated and slow healing, ultimately frustrating both
owners and primary care clinicians. Culture results are often
negative, or implicate a newly identified bacteria with no
known antimicrobial sensitivity in horses.

Introduction

This case series describes three cases of superficial
complicated corneal ulcerations that failed to respond
adequately to a standard intensive medical treatment
protocol due to infection with fastidious bacteria with no
known microbial sensitivity. A fastidious bacterium is defined
as an organism that has a complex nutritional requirement
that allows growth only under specific nutritional conditions
and are therefore difficult to culture using commonly used
culture media (Andersen et al. 2016; Anon 2017). Fastidious
bacteria are known to have a slow growth rate and
therefore often have a less rapid clinical progression vs.
nonfastidious bacteria that are frequently very proliferative
(Andersen et al. 2016; Anon 2017). Nonfastidious bacterial
pathogens described in the equine cornea include beta-
haemolytic Streptococcus and Pseudomonas aeruginosa,
both having the capability of rapid corneal infiltration with
devastating consequences including keratomalacia (melting
corneal ulcerations) and corneal rupture (Brooks et al. 2000;
Clode 2011). Fastidious bacteria can be responsible for ‘no
growth’ or ‘unknown bacterial growth’ results encountered in
some corneal ulceration bacterial culture results. Performing
both culture/sensitivity and cytology with Gram stain from
these lesions is important to maximise the sensitivity and
specificity of the diagnostic evaluation (Clode 2011;
Featherstone and Heinich 2013). Cytology can identify the

ulcer as infected and the Gram stain will assist with antibiotic
selection for treatment in cases that fail to culture organisms.
DNA sequencing is another tool that can be used to identify
fastidious bacteria; however, direct sensitivity testing cannot
be performed using this technology and a literature search is
necessary to try to ascertain this information (Woo et al. 2008;
Alves Valones et al. 2009).

The aim of the present article is to report three equine
cases with superficial complicated corneal ulcerations and
present a review of recommended routine diagnostic tests
and a standard intensive medical treatment protocol. A plan
for additional diagnostic testing and medical therapy, in case
the routine diagnostic testing and standard intensive medical
treatment protocol are unsuccessful, is also reviewed.

Case series

Three horses which presented to the University of Minnesota
Piper Equine Hospital (UMN PEH) for superficial corneal
ulcerations nonresponsive to medical treatment in primary
care settings are reviewed. All had evidence of superficial
complicated corneal ulcerations with corneal cellular
infiltration and anterior uveitis. In each case, diagnostic testing
of the ulcerations was positive for fastidious bacteria, either
only identified cytologically, or with nonspecific culture results
limited to identification of the growth of uncharacterised
organisms. Cytology from the corneal ulcerations was
evaluated by board-certified clinical pathologists from UMN
Veterinary Medical Center (UMN VMC). To optimise the
potential for recovery of bacteria, culture swabs were directly
plated using four different culture plates (Chocolate, Blood,
Columbia CNA and MacConkey culture agars) and submitted
to a specialised veterinary reference laboratory1. The culture
plates were incubated in a CO2 environment at 35°C and
checked every 24 h for growth. Standard bacteriology and
microbiology tests such as phenotypic growth on blood agar
and chocolate, catalase testing, Gram stain and MALDI-TOF
sequencing2 were performed to identify the specific bacteria.
DNA sequence analysis was used in one case (Case 1) in
which standard bacteriology tests failed to identity the
organism. This DNA sequence analysis was performed using a
16S DNA gene amplification and Sanger sequencing analysis.
The DNA sequence analysis is a laboratory developed test1 for
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bacterial identification using an ABI 31309 capillary
sequencer.

All three horses were initially treated with a standard
intensive medical treatment protocol that failed to resolve
ulcerations and cellular infiltration (Table 1). No clinical
response was noted until an antibiotic therapy specifically
selected to target fastidious bacteria was added to the
treatment plan. All lesions healed successfully, demonstrating
the value of cytology, Gram stain, culture, and for one case,
DNA sequencing, for evaluation of superficial complicated
corneal ulceration in horses. Utilising multiple diagnostic
modalities optimises the refinement of treatment protocols to
improve the prognosis for these equine patients.

Case 1

A 17-year-old American Paint Horse mare presented to UMN
PEH for evaluation of nonhealing corneal ulceration in the
left eye (OS). The referring veterinarian had removed a
foreign body from the cornea 4 days prior to presentation,
placed a subpalpebral lavage system and started treatment
with topical ofloxacin (0.3% ophthalmic solution)3, cefazolin
(compounded 50 mg/ml ophthalmic solution)4, autologous
serum, atropine (1% ophthalmic solution)5 and topical silver
sulfadiazine cream (1% Silvadene cream)6 every 6 h, as well
as systemic flunixin meglumine (Banamine 50 mg/ml, 1.1 mg/
kg bwt)7 twice daily. There was minimal clinical response and
the referral veterinarian was concerned about depth of
the ulcer. On presentation, there was a 12 9 12 mm large
superficial complicated corneal ulcer infiltrated with white
blood cells OS consistent with a possible infection (Fig 1).
The cornea was diffusely oedematous and vascularised from
the dorsal and ventral aspects of the limbus, but the
vascularisation did not reach the ulcerated area. The central
aspect of the corneal ulcer had developed a 5 9 5 mm
large bulla (hydrops) causing keratoconus formation.
Moderate to severe anterior uveitis was present with +3 flare,
fibrin and a midsized pupil. Cytology and culture/sensitivity
was submitted from the corneal ulceration and the horse
hospitalised on an intensive topical treatment protocol

(Table 1). The large bullae responded well to hypertonic
saline treatment within a few days. The corneal ulceration
did not demonstrate melting or stromal loss; however, only
minimal healing occurred over the subsequent 2 weeks
during hospitalisation for the intensive topical medication
protocol (Table 1). Cytology of the corneal ulceration
revealed moderate corneal epithelial atypia and no
infectious agents (Fig 2). Culture results demonstrated scant
growth of Gram-positive cocci requiring DNA sequencing for
identification. The owner elected to have this performed
despite the lack of sensitivity information. The DNA sequence
results were available 14 days later and revealed
Macrococcus carouselicus, a novel Gram-positive bacteria
not previously identified in equine corneal ulcerations.
According to the literature, Macrococcus carouselicus can
harbour a methicillin resistance gene, potentially leading
to the poor response to topical antibiotic treatment
with ofloxacin and cefazolin (Kloos et al. 1998; Rubin and
Chirino-Trejo 2010; Hiramatsu et al. 2013; Anon 2016). Based
on this information, chloramphenicol (compounded 1%
ophthalmic solution)4 was added to the treatment protocol
every 4 h (Fukuda et al. 2002). The horse was discharged to
the referral veterinarian on chloramphenicol and by
decreasing the frequency of treatments in the treatment
plan in Table 1. The referral veterinarian reported that the
corneal ulceration healed within 5 days after starting
treatment with chloramphenicol. Only corneal fibrosis
(corneal scar) remained at the 14 day recheck appointment
at UMN PEH (Fig 3). Approximately 20 days after presentation
to UMN PEH, the referral veterinarian reported the corneal
ulceration to be healed. Thus, resolution of the ulcer was
relatively rapid once appropriate antimicrobial therapy was
instituted.

Case 2

A 5-month-old Arabian colt presented to UMN PEH for
evaluation of a complicated corneal ulceration in the right eye
(OD). The colt was found on pasture with a severely painful eye
and the owner was concerned that the eye could have been

TABLE 1: Standard initial intensive treatment plan for complicated infected corneal ulcerations when treated at University of Minnesota
Piper Equine Hospital (UMN PEH)

Medication
Administration

route Frequency Dose

1 Ciprofloxacin 0.3% ophthalmic solution1 Topical q. 2 h 0.2 ml
2 Cefazolin 50 mg/ml ophthalmic solution2 Topical q. 2 h 0.2 ml
3 Voriconazole 1% ophthalmic solution2 Topical q. 4 h 0.2 ml
4 Autoloug serum3 Topical q. 1 h 0.2 ml
5 EDTA 0.2% ophthalmic solution4 Topical q. 1 h 0.2 ml
6 Atropine 1% ophthalmic solution5 Topical q. 6 h 0.2 ml
7 Muro128 ophthalmic solution (5% NaCL)5 Topical q. 6 h 0.2 ml
8 Flunixin meglumine 50 mg injectable solution6,* i.v./per os q. 12 h Initial dose 1.1 mg/ml for 3 days

Flunixin meglumine 50 mg injectable solution6,* Decreased to 0.8 mg/kg
for 3 days

Flunixin meglumine 50 mg injectable solution6,* Decreased to 0.5 mg/kg
long-term

9 Gastrogard 6 g oral paste7 per os q. 24 h 2 mg/kg

1Falcon Pharmaceuticals, Ltd, Fort Worth, Texas, USA; 2Compounded from UMN PEH’s pharmacy, Falcon Heights, Minnesota, USA;
3Collected from the patient; 4Compounded from UMN PEH’s pharmacy; 5Bausch and Lomb, Rochester, New York, USA; 6Merck Animal
Health, Madison, New Jersey, USA; 7Merial, Plymouth, Minnesota, USA.
*PCT and TP would be monitored periodically when treated with this medication.
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injured during a storm the previous day. A picture of the eye
was sent via text to the regular veterinarian by the owner and
the veterinarian recommended seeing an ophthalmologist as
soon as possible. On presentation, OD was diagnosed with a
6 9 6 mm large superficial complicated corneal ulceration
with severe white blood cell infiltration indicative of a possible
infection (Fig 4). The cornea had moderate to severe diffuse
corneal oedema and 1–2 mm short blood vessels were
infiltrating the cornea from the medial limbus. The anterior
chamber was difficult to examine due to corneal opacity, but

fibrin and a miotic pupil could be appreciated consistent with
severe anterior uveitis. A subpalpebral lavage system8 was
placed and the colt hospitalised on intensive topical
medication (Table 1). Cytology and culture/sensitivity was
submitted from the corneal ulcer. Cytology revealed septic
suppurative keratitis with many neutrophils and epithelial cells.
Extracellular medium sized rod-shaped bacteria were noted
adhered to the epithelial cells (Fig 5). The colt developed a
large hydrops in the cornea 3 days after presentation and a
tarsorrhaphy was placed to put pressure on the oedematous
cornea. The corneal ulceration and pupil could still be
evaluated at the medial canthus after the tarsorrhaphy
procedure and the pupil became more dilated over the
following 2 days, indicating better control of the anterior uveitis.
The ulceration did not improve with initial therapy while
awaiting culture results. Culture demonstrated scant growth of
Abiotrophia/Granulicatella spp. and the laboratory would not

a) b)

c) d)

Fig 1: Case 1. a) A superficial complicated corneal ulceration was present in the central aspect of the cornea with cellular infiltration,
indicating an infection/inflammatory process (red arrow). b) The corneal ulceration had a large corneal bulla in the central aspect of
the ulcer. This bulla caused the cornea to have keratoconus formation (red arrow). c) Fluorescein stain of the corneal ulceration
revealed a larger superficial corneal ulceration on the day of presentation. Only a mild vascular response was infiltrating the cornea
from the dorsal and ventral aspect (white arrow). d) The corneal ulceration only showed very mild signs of healing compared with the
ulceration size at presentation after 14 days on intensive topical medication (Fig 1c). Also the vascular response in the cornea was very
mild (white arrow).

20 μm

Fig 2: Inflammation and infectious organism are not identified in
this corneal cytology swab. Moderate corneal epithelial atypia
was present and evaluated to be a part of the corneal healing
process (503 Wright Giemsa).

Fig 3: Corneal ulceration in Figure 1 after healing. The area has
corneal fibrosis (corneal scar), but no fluorescein stain uptake.
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give sensitivity for these bacteria due to lack of information for
sensitivity in horses. A literature search on Abiotrophia/
Granulicatella spp. indicated these organisms were originally
known as nutritionally variant streptococci, a component of
normal human oral and intestinal flora (Zheng et al. 2004). They
are fastidious bacteria and thus it is relatively uncommon to
recover them from clinical specimens, but they have been
reported to cause otitis media, brain abscess and septic arthritis
in man (Zheng et al. 2004). Resistance to many of the common

ophthalmic antibiotics has been previously reported in the
literature and owner financial restrictions required selection of
the least expensive effective antibiotic. One paper described
good efficacy of gentamicin in combination with penicillin in
man with endocarditis caused by Abiotrophia/Granulicatella
spp. (Zheng et al. 2004; Adam et al. 2015). Topical gentamicin
(Gentamicin sulfate 0.3% ophthalmic solution)9 q. 2 h was
therefore added to the topical treatment plan and this would
potentially also be effective against the extracellular rod
bacteria identified cytologically. The colt was discharged to a
lay-up stable facility and returned for a recheck 10 days later.
The tarsorrhaphy was removed and the corneal ulceration was
almost healed with only a small (1 9 1 mm) area of fluorescein
positivity. The hydrops had healed with corneal fibrosis and the
pupil was mydriatic in response to atropine treatment. The
anterior chamber had no signs of active anterior uveitis (Fig 6).
The colt returned to the lay-up stable with a plan for decreasing
the medical treatment protocol over 2 weeks. At the last
recheck, the corneal ulceration had healed completely with
scar formation. The anterior uveitis was still resolved, but the colt
showed signs of a cataract that could have been pre-existing,
might have been caused by trauma, or have been due to the
severe secondary anterior uveitis (Fig 7). It took 31 days from
when the colt was presented to UMN PEH for the corneal
ulceration to heal.

Case 3

A 12-year-old Thoroughbred gelding presented to UMN PEH for
evaluation of a nonhealing corneal ulceration of the left eye
(OS). The referral veterinarian had treated the gelding with
topical triple antibiotic and autologous serum for 3 weeks.

a)

* *
b)

c) d)

Fig 4: Case 2. a) The colt presented with superficial complicated corneal ulceration with cellular infiltration in the medial aspect of the
cornea (red arrow). The cornea had diffuse moderate to severe corneal oedema and only mild corneal vascularisation was present
(black asterisk indicates only mild corneal vascularisation). The colt also had severe secondary uveitis with fibrin, +3–4 flare and a
miotic pupil. b) Over the next couple of days, the secondary uveitis responded to medical treatment, but the cornea developed
corneal hydrops (white arrow). The corneal ulceration and vascularisation did not show sign of healing (black asterisk indicates only
mild corneal vascularisation was still present). c) Cranial-caudal view of corneal hydrops (white arrow). d) The corneal hydrops
developed a superficial corneal ulceration due to exposure from lagophthalmia. A fluorescein stain of the cornea revealed no signs of
healing of the corneal ulceration 3 days after presentation.

10 μm

Fig 5: Septic suppurative inflammation was diagnosed on this
corneal cytology swab from Case 2. Extracellular medium rods
were noted and commonly found to be adhered to corneal
epithelial cells (yellow arrows; 1003 Wright Giemsa).
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Debridement with cotton swabs had also been performed with
no signs of healing. The referral veterinarian had added vaginal
2% Miconazole cr�eme10 to the regimen 3 days before
presentation to UMN PEH; according to the owner, this
may have increased ocular irritation. On presentation, a
10 9 10 mm superficial complicated corneal ulcer with severe
infiltration of white blood cells forming a superficial corneal
plaque was identified OS. The ventral aspect of the cornea
had diffuse moderate oedema and perilimbal corneal
vascularisation was infiltrating from the limbus 5–7 mm into the
cornea, but stopped short of the ulcer (Fig 8). Severe anterior
uveitis was appreciated in the anterior chamber with +3 flare, a
large fibrin clot behind the corneal ulcer and a miotic pupil
that had started to form posterior synechiae and iris bombe at
the dorsal aspect. A subpalpebral lavage system9 was placed
and the gelding hospitalised on intensive topical medication
(Table 1). Cytology and culture/sensitivity was submitted from
the corneal ulcer.

Cytology result revealed septic suppurative keratitis with
moderate numbers of neutrophils and predominately
extracellular bacteria with no signs of fungal hyphae. Gram
stain confirmed these bacteria to be Gram-positive cocci
(Fig 9). Culture result was negative.

The horse was hospitalised for 5 days, during which time
the secondary anterior uveitis improved with dilation of the
pupil and resolution of the fibrin. The corneal ulceration did

not respond to therapy. Surgical options including superficial
keratectomy and conjunctival graft were discussed with the
owner, who elected to continue medical treatment at home
at a lower frequency due to financial concerns.
Chloramphenicol (compounded 1% ophthalmic solution)5

was added to the treatment protocol based on the Gram
stain results and lack of response to the two previous
antibiotics (Table 1). The horse returned to UMN for a recheck
10 days after discharge and the ulcerated area had not
changed in size, depth or appearance, except for the
ventral aspect of the ulcer, where granulation tissue had
formed. At a subsequent recheck appointment at UMN
10 days after the first, the corneal ulcer was almost
completely granulated and only a small area took up
fluorescein stain. The referral veterinarian rechecked the eye
again 10 days later and the area was completely healed
with granulation tissue and no signs of fluorescein stain
uptake (Fig 10). It took 35 days from presentation to UMN PEH
until the corneal ulceration had healed.

Discussion

This case series describes three cases of superficial
complicated corneal ulceration that failed to respond
adequately to a routine intensive topical medication protocol.
Fastidious bacteria, not previously implicated in equine
corneal ulceration, were identified in two of the three cases
and cytology revealed a bacterial infection, but culture was
negative in the last case. DNA sequencing was used in one
case to identify the fastidious bacteria. These three cases
demonstrate the frustration of poorly responsive ocular lesions
and some options for clinical resolution. A ‘take home
message’ from this case series is to be consistent in diagnostic
testing/data collection practices. Always perform both
cytology and culture/sensitivity since these modalities are
complementary and used together are more likely to
successfully identify pathogens. Also, DNA sequencing can be
valuable if used in conjunction with the medical literature on
susceptibility patterns to optimise antimicrobial selection. Also,
it is important to use a laboratory capable of working with
fastidious organisms. The University of Minnesota
ophthalmology service performs direct plating of specimens
on four different culture plates (Chocolate, Blood, Columbia
CNA and MacConkey culture agars) to maximise organism
recovery based on the recommendations of the supporting
laboratory1. Despite this approach, there are still cases where

a) b)

*

Fig 6: Case 2. a) A tarsorrhaphy was placed due to corneal hydrops. Gentamicin ophthalmic solution was also added to the intensive
topical medical treatment. b) The tarsorrhaphy was removed 1 week after it was placed and the hydrops had healed with scar tissue.
The corneal ulceration was almost healed and only a small area took up fluorescein stain (red arrow). The vascular response in the
cornea was still only mild, but had reached the corneal lesion (white asterisk).

Fig 7: Case 2. The corneal ulceration had healed completely
with corneal scars 28 days after the initial presentation (red
arrow). An incomplete cataract could be appreciated at this
examination (white arrow). This cataract could have been
present before the corneal ulceration, or could have developed
due to severe anterior uveitis.
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cytology will identify bacteria that cannot be successfully
grown on culture. Repeat collection of bacterial culture
samples is an option for poorly responsive lesions; however, this
represents an extra expense for the owner and may fail to yield
positive results. Therefore the cytology result and Gram stain

are valuable to evaluate the suspicion of a bacterial or fungal
infection. Fungal culture is another test recommended for
equine corneal ulcerations that are poorly responsive to
antibacterial medications. A fungal culture result usually
requires between 3 and 4 weeks (Featherstone and Heinich
2013), so it is not advisable to await the results of culture prior to
treatment in suspected fungal keratitis (Brooks 2008; Clode
2011). This is a significant disadvantage of using fungal culture
as a primary screening test for fungal infections. Submission of
cytology slides to a laboratory for examination by a board-

a)

c) d)

*

*

*

*

*

*

*

b)

Fig 8: Case 3. a) The horse presented with a superficial complicated corneal ulceration that had severe cellular infiltration (red arrow).
Only mild vascular response could be appreciated in the cornea (black asterisk). Severe anterior uveitis was present with pupillary
occlusion and starting iris bombe (white asterisk), b) One week after the horse was started on intensive medical treatment. The corneal
ulceration is still present with no signs of healing (red arrow). The corneal vascularisation is slowly infiltrating the cornea (black asterisk),
c) Three weeks after the initial presentation. The corneal ulceration is healing with granulation tissue due to corneal vascularisation that
has reached the ventral, but not yet dorsal aspect of the ulcer (black asterisks). d) Five weeks after the initial presentation. Three-
quarters of the corneal ulceration has granulated (white arrow) due to the corneal vascularisation that has reached the ulcer (black
asterisks). There is still one small area of fluorescein stain uptake indicating that the ulcer has not yet healed (red arrow).

20 μm

Fig 9: Septic suppurative inflammation was diagnosed on this
corneal cytology swab from Case 3. Typical Gram-positive cocci
in chains were noted to be present and in some areas the cocci
seemed elongated and almost rod-shaped (red arrows). The
coccid were predominately extracellular (red arrows), but also
present intracellular (yellow arrows; 503 Wright Giemsa).

Fig 10: Case 3: 7 weeks after the initial presentation. The corneal
ulceration has healed with granulation tissue. This area will
remodel over the next few months and the horse will have a
corneal scar in the area of the granulation tissue.
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certified veterinary clinical pathologist can be a much faster
way of confirming a fungal infection. In cases where ‘no
growth’ is the culture result, but a response to medical
treatment is recognised, continuing the topical medication is
recommended until the corneal ulceration is fluorescein
negative (Clode 2011; Featherstone and Heinich 2013).
Superficial complicated corneal ulcerations due to infection
with a fastidious bacteria, such as the cases described here,
are frustrating cases for owners and equine practitioners since
they require a long time to heal using an intensive topical
medication protocol. This medical protocol is expensive for the
owner since these horses usually require boarding in a hospital
or layup stable where their every 2–4 h medication protocol
can be performed for multiple weeks. Owners of these cases
are therefore interested in prognosis and outcome. This case
series shows that these horses do have a good prognosis for
healing with medical treatment, but resolution takes
approximately 3–5 weeks and is expensive.

Conclusion

Fastidious bacteria can cause superficial complicated corneal
ulceration in horses. Consistent diagnostic tests with cytology
and culture/sensitivity are important to diagnose the specific
bacteria in these cases and therefore be able to make the
correct topical treatment plan. These cases do have a good
prognosis for healing on medical treatment but they can heal
slowly and can have a high economic cost for owners.
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Introduction

The case series of horses with keratitis attributed to infection
with fastidious bacteria (Henriksen et al. 2019) in this issue of
Equine Veterinary Education illustrates several clinically
relevant points regarding equine corneal infections. Not all
cases of infectious keratitis will be presented with classic
ocular lesions that are easily recognised during clinical
examination. Rapid stromal loss, keratomalacia and severe
anterior uveitis (often including both hypopyon and fibrin) are
frequent features of corneal infections in the horse; however,
indolent corneal ulceration or static corneal infiltrates that
may be ulcerative or nonulcerative may also be associated
with an infectious process.

The clinician should not rely on any single diagnostic
assay to either confirm or exclude infection as the aetiology
of a corneal lesion in a horse. Combinations of diagnostic
assays, including at least one that provides rapid results (such
as cytology) with an assay that is typically associated with
higher diagnostic sensitivity (such as histopathology or culture
techniques) are generally indicated (Massa et al. 1999). In
many clinical situations, it is advisable to collect multiple
corneal samples so that adequate material is available for
the wide range of microbiologic investigations that can be
required in cases of equine infectious keratitis. The role of
fastidious bacteria in equine infectious keratitis has been
previously reported and, together with the current case
series, emphasises the need to select a diagnostic laboratory
with the necessary skills and experience to properly handle
equine corneal samples (da Silva Curiel et al. 1990; Henriksen
et al. 2019).

Sole reliance upon formulaic medicinal approaches to
corneal infections is unlikely to consistently yield positive
clinical results in the horse. Even when utilising an extensive
array of broad-spectrum antimicrobials as initial empirical
therapy, as the authors presented in their case series
(Henriksen et al. 2019), occasional treatment failures should
be expected. These failures can result from inherent or
acquired micro-organism antimicrobial resistance, medication
properties (such as poor corneal penetration), administration
issues or host factors. Medication selections and, when
necessary, surgical interventions should always be tailored to
the specific case and based upon all available information
including diagnostic assay results, client compliance and
observed clinical response to initial therapy.

Atypical infectious keratitis

Infectious keratitis is a common and sight-threatening
condition in the horse. The equine cornea is routinely exposed

to a variety of potentially infectious micro-organisms in both
its immediate external environment and from its own resident
extraocular microflora. Anatomical, physiological or
immunological compromise of the corneal surface is
generally required to initiate infection. Once corneal
defences are breached, infectious keratitis in the horse may
be associated with a diverse group of pathogens, including
aerobic bacteria, anaerobic bacteria, fungi, parasites and
viruses. Although aerobic bacterial keratitis is encountered by
the clinician most frequently in routine practice (Sauer et al.
2003; Keller and Hendrix 2005), atypical aetiologies of
infectious keratitis should not be disregarded in horses. Just as
with the presence of some fastidious aerobic bacteria,
negative corneal aerobic bacterial culture results are
expected with these atypical organisms. Atypical corneal
infections should also be considered more strongly in some
particular situations, most notably failure of the keratitis to
respond to conventional therapies, during administration of
topical immunosuppressive medications, keratitis that
develops following corneal trauma or foreign bodies, and
with unusual or unique clinical presentations or histories.
Regardless of the aetiology, identification of the specific
infectious agent responsible for the keratitis should be a
primary clinical goal as micro-organism-specific therapy is
most likely to yield optimal functional and cosmetic results.

Anaerobic bacterial keratitis

Anaerobic bacteria are a relatively common, but often
overlooked, aetiology of atypical infectious keratitis in horse.
In one study (Ledbetter and Scarlett 2008), at least one
species of obligate anaerobic bacteria was isolated from the
corneal samples of 12.9% of horses (140 horses with infectious
ulcerative keratitis included in the study). Anaerobic bacteria
reported to cause keratitis in the horse include Actinomyces,
Bacteroides, Clostridium, Eubacterium, Fusobacterium,
Peptostreptococcus and Propionibacterium species (Rebhun
et al. 1999; Andrew et al. 2000; Ledbetter and Scarlett 2008;
Johns 2009). Of these genera of bacteria, Clostridium is by far
the most frequently reported in horses with keratitis.

Obligate anaerobic bacteria are those that lack sufficient
enzymes to detoxify reactive oxygen intermediates produced
during bacterial metabolism in the presence of oxygen.
Development of anaerobic bacterial infection of the cornea
requires a corneal microenvironment with low oxygen
concentrations. This can occur during a variety of situations
that can include tissue necrosis, abscesses, foreign bodies
and neoplasms (Finegold 1993). In the horse, ocular trauma,
chronic dermatologic disease, pre-existing corneal disease
and previous ocular surgery were identified as risk factors for
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anaerobic keratitis (Ledbetter and Scarlett 2008), possibly
reflecting situations that contribute to development of
anaerobic corneal microenvironments. In addition, anaerobic
keratitis in horses is frequently a component of a mixed
corneal infection with facultative aerobic bacteria. Aerobic
bacteria scavenge oxygen and lower oxidation–reduction
potentials within corneal tissues, producing an environment
more conducive to anaerobe invasion and growth.

A unique clinical finding reported in some cases of
human and veterinary anaerobic keratitis is gaseous corneal
bullous lesions or a frothy coagulum within the corneal ulcer
bed (Stern et al. 1979). These lesions can be observed with
either Clostridium or Propionibacterium keratitis and are a
result of micro-organism-produced gas-expanding necrotic
corneal tissue, leucocytes and fibrin. These gaseous lesions
occur in the horse, but may be difficult to clinically distinguish
from corneal bullae resulting from oedema (Fig 1). Obligate
anaerobic bacteria will not grow under standard aerobic
culture conditions and specialised sampling, transport and
microbiological techniques are necessary for their detection.
Anaerobic bacteria are frequently not susceptible to many of
the common topical ophthalmic antibiotics used in horses
(including aminoglycosides and fluoroquinlones). Most of the
anaerobes that have been reported to be isolated from the
equine cornea, with the exception of Bacteroides species,
are likely to be susceptible to chloramphenicol, clindamycin,
metronidazole, tetracyclines and penicillins (Hirsh et al. 1985).
Of these antimicrobials, only chloramphenicol and
oxytetracycline are routinely administered topically for
ophthalmic conditions in veterinary medicine.

Fungal keratitis

Despite its wide-spread occurrence in some geographic
regions, equine fungal keratitis remains a diagnostic
challenge in many situations (Ledbetter et al. 2007; Reed
et al. 2013; Wada et al. 2013). Keratomycosis may also be
more likely to be overlooked as a possible diagnosis in areas
where it occurs less commonly. Classic and dramatic

presentations of fungal keratitis in the horse, including melting
corneal ulcers, stromal abscesses, deep corneal stromal
ulcers and ulcerative keratitis associated with fungal plaques,
represent just some of the many clinical forms of equine
keratomycosis that are encountered (Galera and Brooks
2012). More subtle lesions that may be detected in horses
with fungal keratitis include punctate epithelial microerosions,
epithelial infiltrates, subepithelial infiltrates and indolent
superficial corneal ulcers (Galera and Brooks 2012; Brooks
et al. 2013) (Fig 2). Fungal infection should be considered as
a possible aetiology for any ulcerative or nonulcerative
keratitis in the horse and diagnostic testing should be pursued
for all cases where a specific aetiology is not determined
from historical details or clinical examination.

Diagnostic assays that can be used to identify fungal
keratitis include cytology, culture, histopathology, molecular
assays and in vivo confocal microscopy. Cytological
evaluation of corneal swabs or scrapings provides a
comparatively rapid result, is relatively traumatic to perform,
samples can typically be collected in awake or sedated
horses, and specialised equipment is generally not required.
Cytology is less sensitive than many other diagnostic
techniques and deep corneal lesions may be inaccessible for
sampling. Histopathology is more sensitive for the detection of
fungal elements than cytology, but requires more traumatic
sampling techniques and in some instances deep sedation or
general anaesthesia to safely collect adequate samples from
diseased and fragile corneas (Andrew et al. 1998). Fungal
culture is highly sensitive for most fungi and permits antifungal
susceptibility testing to be performed on the isolates. Fungal
culture often requires lengthy periods for assay completion
and some fastidious fungal organisms may be difficult to
grown in vitro.

Polymerase chain reaction assays are available for the
detection of fungal DNA in equine ocular infections (Zeiss
et al. 2013). These PCR assays are highly sensitive and can
identify common genera of fungi associated with keratitis.

Fig 1: Extensive keratomalacia, corneal leucocyte infiltrate and
corneal gas bullous lesions (arrows) in a horse with Clostridium
perfringens keratitis.

Fig 2: Fluorescein stained cornea of a horse with fungal keratitis
(a Mucor sp. was cultured from corneal samples). A large
superficial corneal ulcer is present with multifocal, punctate,
fluorescein stain-positive satellite corneal ulcers surrounding the
primary lesion.
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The frequent presence of potentially pathogenic fungi in the
equine periocular microflora and external environment can
make the interpretation of the results difficult and
contamination of samples during collection and transportation
to the diagnostic laboratory must be avoided.

In vivo confocal microscopy is a relatively new imaging
technology that permits noninvasive, real-time examination of
corneal tissues at the cellular level. The high resolution and
magnification images produced by confocal microscopy
allows for the detection of fungal elements within the equine
cornea (Ledbetter et al. 2011). In vivo confocal microscopy
can be used for both ulcerative and nonulcerative lesions
and can detect fungi in superficial and deep layers of the
cornea. Although in vivo confocal microscopy is an excellent
diagnostic technique for equine keratomycosis, current
availability of this imaging equipment in veterinary
ophthalmology is limited.

Once keratomycosis is diagnosed, several options for
antifungal therapy are available for use in horses. Antifungals
commonly used for topical ophthalmic therapy in the horse
include amphotericin B, fluconazole, itraconazole,
miconazole, natamycin and voriconazole. Selection of a
specific antifungal is based upon numerous factors, including
expected or measured in vitro susceptibility data for the
specific cultured fungus and drug availability, cost, toxicity,
corneal penetration and ease of administration.

Parasitic keratitis

Parasitic keratitis in the horse is associated with Onchocerca
cervicalis infection. Ocular onchocerciasis develops when
arthropod-borne Onchocerca microfilaria migrate through
ocular tissues and induce an inflammatory reaction. When
keratitis is present, it is typically nonulcerative, peripheral,
located in the temporal cornea and clinically appears as
anterior stromal infiltrates, oedema and vascularisation (Cello
1971). Onchocerca keratitis is usually associated with
concurrent conjunctivitis that most frequently appears as
temporal conjunctival nodules and depigmentation (Moran
and James 1987). Diagnosis is achieved by identifying
microfilaria in conjunctival or corneal biopsies. Treatment
consists of antiparasitic agents (e.g. ivermectin or moxidectin)
and anti-inflammatory therapy (e.g. topical or systemic
corticosteroids and nonsteroidal anti-inflammatory agents).
Although once common in horses, ocular onchocerciasis is
now rare with the use of modern anthelminthic programmes.

Viral keratitis

Viral infection remains an unproven aetiology of equine
keratitis; however, there are numerous clinical reports
describing both equine herpesvirus-2 and equine herpesvirus-
5 as potential aetiologies of keratitis (Kershaw et al. 2001;
Hollingsworth et al. 2015). Clinically, these cases are most
frequently described as multifocal, punctate corneal lesions
that can appear as either fine epithelial ulcers or corneal
opacities at the level of the basal epithelium or subepithelium
(Fig 3). Fluorescein and rose bengal stain retention by the
corneal lesions is variable. Corneal ulcerations with a
dendritic or geographical morphology are also described less
frequently, as are outbreaks of keratoconjunctivitis affecting
multiple horses (Collinson et al. 1994). The detection of
equine herpesvirus-2 and equine herpesvirus-5 in these

clinical situations is inconsistent and both viruses are
commonly isolated from samples of horses without overt
ocular disease, further confounding the ability to link the
viruses with specific ocular lesions (Borchers et al. 2006;
Hollingsworth et al. 2015). Reported topical ophthalmic
antiviral treatments for these infections include acyclovir,
idoxuridine and trifluridine (Kershaw et al. 2001).

More recently, equine herpesvirus-3 was reported as a
possible aetiology of corneal ulceration (Barba et al. 2015). In
this case report, equine herpesvirus-3 was detected in the
cornea, eyelid and lip tissue of a 3-month-old filly with
cutaneous and mucosal ulcerations of the eyelids and lips.
Multifocal superficial corneal ulcerations were present
bilaterally. The aetiological role of equine herpesvirus-3 in the
development of ulcerative keratitis remains to be fully
elucidated, but this case report suggests that further
investigation is warranted.

Conclusions

Equine infectious keratitis is associated with a diverse group of
aetiological micro-organisms, including aerobic bacteria,
anaerobic bacteria, fungi, parasites and potentially viruses.
Aerobic bacteria are the most frequent causative organisms,
but atypical aetiologies of infectious keratitis should also be
considered in the horse. With increased application of new
and more sensitive diagnostic technologies in equine
medicine, such as in vivo confocal microscopy and 16S rDNA
PCR analysis, it is likely that the range of infectious agents
associated with equine keratitis will continue to expand
(Rudolph et al. 2004).
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Fig 3: Multifocal, punctate epithelial and subepithelial opacities
in the axial cornea of a horse with equine herpesvirus-2 isolated
from corneal samples.

© 2017 EVJ Ltd

312 EQUINE VETERINARY EDUCATION / AE /   2019JUNE



Source of funding

None.

References
Andrew, S.E., Brooks, D.E., Smith, P.J., Gelatt, K.N., Chmielewski, N.T.

and Whittaker, C.J. (1998) Equine ulcerative keratomycosis: visual
outcome and ocular survival in 39 cases (1987-1996). Equine Vet.
J. 30, 109-116.

Andrew, S.E., Brooks, D.E., Biros, D.J., Denis, H.M., Cutler, T.J. and
Gelatt, K.N. (2000) Posterior lamellar keratoplasty for treatment of
deep stromal absesses in nine horses. Vet. Ophthalmol. 3, 99-103.

Barba, M., Stewart, A.J., Schrader, S.M., Koehler, J.W., Johnson, A.K.
and Caldwell, F.J. (2015) Keratitis and periocular lesions associated
with equine herpesvirus-3 in a 3-month-old filly. Equine Vet. Educ.
27, 618-622.

Borchers, K., Ebert, M., Fetsch, A., Hammond, T. and Sterner-Kock, A.
(2006) Prevalence of equine herpesvirus type 2 (EHV-2) DNA in
ocular swabs and its cell tropism in equine conjunctiva. Vet.
Microbiol. 118, 260-266.

Brooks, D.E., Plummer, C.E., Mangan, B.G. and Ben-Shlomo, G. (2013)
Equine subepithelial keratomycosis. Vet. Ophthalmol. 16, 93-96.

Cello, R.M. (1971) Ocular onchocerciasis in the horse. Equine Vet. J. 3,
148-154.

Collinson, P.N., O’Rielly, J.L., Ficorilli, N. and Studdert, M.J. (1994)
Isolation of equine herpesvirus type 2 (equine gammaherpesvirus
2) from foals with keratoconjunctivitis. J. Am. Vet. Med. Assoc. 205,
329-331.

Finegold, S.M. (1993) Host factors predisposing to anaerobic infections.
FEMS Immunol. Med. Microbiol. 6, 159-163.

Galera, P.D. and Brooks, D.E. (2012) Optimal management of equine
keratomycosis. Vet Med Res Rep 3, 7-17.

Henriksen, M.D.L., Sharkey, L., Esser, M. and Costello, J. (2019) Clinical
management of superficial complicated corneal ulcerations
infected with newly identified fastidious bacteria with unknown
antibiotic sensitivity in three horses. Equine Vet. Educ. 31, 303-309.

Hirsh, D.C., Indiveri, M.C., Jang, S.S. and Biberstein, E.L. (1985) Changes
in prevalence and susceptibility of obligate anaerobes in clinical
veterinary practice. J. Am. Vet. Med. Assoc. 186, 1086-1089.

Hollingsworth, S.R., Pusterla, N., Kass, P.H., Good, K.L., Brault, S.A. and
Maggs, D.J. (2015) Detection of equine herpesvirus in horses with
idiopathic keratoconjunctivitis and comparison of three sampling
techniques. Vet. Ophthalmol. 18, 416-421.

Johns, I.C. (2009) Bacteroides sp. as a cause of anaerobic keratitis in
a pony. Equine Vet. Educ. 21, 572-574.

Keller, R.L. and Hendrix, D.V. (2005) Bacterial isolates and antimicrobial
susceptibilities in equine bacterial ulcerative keratitis (1993-2004).
Equine Vet. J. 37, 207-211.

Kershaw, O., von Oppen, T., Glitz, F., Deegen, E., Ludwig, H. and
Borchers, K. (2001) Detection of equine herpesvirus type 2 (EHV-2)
in horses with keratoconjunctivitis. Virus Res. 80, 93-99.

Ledbetter, E.C. and Scarlett, J.M. (2008) Isolation of obligate
anaerobic bacteria from ulcerative keratitis in domestic animals.
Vet. Ophthalmol. 11, 114-122.

Ledbetter, E.C., Patten, V.H., Scarlett, J.M. and Vermeylen, F.M. (2007)
In vitro susceptibility patterns of fungi associated with
keratomycosis in horses of the northeastern United States: 68 cases
(1987-2006). J. Am. Vet. Med. Assoc. 231, 1086-1091.

Ledbetter, E.C., Irby, N.L. and Kim, S.G. (2011) In vivo confocal
microscopy of equine fungal keratitis. Vet. Ophthalmol. 14, 1-9.

Massa, K.L., Murphy, C.J., Hartmann, F.A., Miller, P.E., Korsower, C.S.
and Young, K.M. (1999) Usefulness of aerobic microbial culture
and cytologic evaluation of corneal specimens in the diagnosis of
infectious ulcerative keratitis in animals. J. Am. Vet. Med. Assoc.
215, 1671-1674.

Moran, C.T. and James, E.R. (1987) Equine ocular pathology ascribed
to Onchocerca cervicalis infection: a re-examination. Trop. Med.
Parasitol. 38, 287-288.

Rebhun, W.C., Cho, J.O., Gaarder, J.E., Peek, S.F. and Patten, V.H.
(1999) Presumed clostridial and aerobic bacterial infections of the
cornea in two horses. J. Am. Vet. Med. Assoc. 214, 1519-1522.

Reed, Z., Thomasy, S.M., Good, K.L., Maggs, D.J., Magdesian, K.G.,
Pusterla, N. and Hollingsworth, S.R. (2013) Equine keratomycoses in
California from 1987 to 2010 (47 cases). Equine Vet. J. 45, 361-366.

Rudolph, T., Welinder-Olsson, C., Lind-Brandberg, L. and Stenevi, U.
(2004) 16S rDNA PCR analysis of infectious keratitis: a case series.
Acta Ophthalmol. Scand. 82, 463-467.

Sauer, P., Andrew, S.E., Lassaline, M., Gelatt, K.N. and Denis, H.M.
(2003) Changes in antibiotic resistance in equine bacterial
ulcerative keratitis (1991-2000): 65 horses. Vet. Ophthalmol. 6, 309-
313.

da Silva Curiel, J.M., Murphy, C.J., Jang, S.S. and Bellhorn, R.W. (1990)
Nutritionally variant streptococci associated with corneal ulcers in
horses: 35 cases (1982-1988). J. Am. Vet. Med. Assoc. 197, 624-626.

Stern, G.A., Hodes, B.L. and Stock, E.L. (1979) Clostridium perfringens
corneal ulcer. Arch. Ophthalmol. 97, 661-663.

Wada, S., Hobo, S., Ode, H., Niwa, H. and Moriyama, H. (2013) Equine
keratomycosis in Japan. Vet. Ophthalmol. 16, 1-9.

Zeiss, C., Neaderland, M., Yang, F.C., Terwilliger, G. and Compton, S.
(2013) Fungal polymerase chain reaction testing in equine
ulcerative keratitis. Vet. Ophthalmol. 16, 341-351.

© 2017 EVJ Ltd

313EQUINE VETERINARY EDUCATION / AE /   2019JUNE



Case Report

Treatment of an invasive equine mast cell tumour in the extensor
carpi radialis by extensive tenomyectomy and local corticosteroid
injections
G. C. A. Johnston* and S. T. Zedler

School of Veterinary Science, University of Queensland, Gatton, Queensland, Australia
*Corresponding author email: georgina.johnston@uq.edu.au
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Summary

A 12-year-old Thoroughbred gelding presented with a 5-week
history of lameness, heat, swelling and pruritus associated
with the right antebrachium. There was a 1-year history of
intermittent swelling in the area. Multifocal areas of dermatitis
and alopecia, evidence of self-trauma and oedema were
present. The horse had moderate right forelimb lameness in
the walk and resented flexion of the carpus.

Sonographic changes were suggestive of severe
tenosynovitis and purulent material in the extensor carpi
radialis (ECR) sheath. Surgical exploration revealed
maceration of the ECR from the musculotendinous junction
distally. The extensor sheath contained a large quantity of
caseous material and serosanguinous fluid. The ECR tendon
and 75% of the muscle were excised. Cytology and
histopathology (Fig 1) were consistent with a mast cell tumour
(MCT) that infiltrated the surgical margins. Following
incomplete surgical excision, the horse was treated at weekly
intervals with multiple local corticosteroid injections along the
incision (Fig 2). Post-operatively, the horse was managed in a
heavy bandage and splint for 2 months.

Right forelimb movement, particularly carpal flexion, was
initially limited. However, there was steady improvement over
3 months with increasing exercise. At 18 months post-
operatively, the horse appeared sound during the weight
bearing phase of the stride at walk, trot and canter. During
the swing phase of the stride, the horse exhibited mild gait
changes consistent with the loss of ECR function and
compensation with the biceps.

Key points

• Mast cell tumour is a rare neoplasm of the extensor
carpi radialis (ECR) in horses.

• Partial excision and local corticosteroid injections can be
curative for cases of invasive equinemast cell tumour.

• Extensive excision of the ECR is a viable treatment
option for neoplasia or other conditions affecting the
ECR in the horse.

Fig 2: The right forelimb 8 weeks post-operatively with white
markers to show the positioning of corticosteroid injections.

Fig 1: Histopathology of the ECR muscle at 3100 magnification
showing the cord and sheet arrangement of Toluidine blue stain
confirmed mast cells intermixed with numerous well-differentiated
eosinophils.
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Clinical Commentary

Pathology of equine extensor tendons: Can they function without
them?
M. Williams

Oklahoma State University, Stillwater, Oklahoma, USA
Corresponding author email: megan.williams12@okstate.edu

Keywords: horse; extensor tendon; laceration

It has been previously reported and is commonly accepted
that conditions resulting in the absence of extensor tendon
function in the equine patient carry a more favourable
prognosis compared to traumatic lacerations of the flexor
tendons. Functional loss of an extensor tendon may occur
due to laceration, rupture or surgical resection due to chronic
inflammation and infection of the tendon and its surrounding
synovial sheath. Removal of tumour tissue, as in the case
report by Johnston and Zedler (2019) from this issue, is a
unique indication for extensor tendon resection. One previous
report describes surgical removal of a lipoma that had
formed around the common and long digital extensor
tendons and involved the dorsal aspect of the common
digital extensor tendon sheath; the tendon was preserved
with this procedure, and only the mass itself and the proximal
aspect of the involved tendon sheath were removed
(Hammer et al. 2002).

Extensor tendons are commonly injured in the horse, with
hindlimbs more frequently damaged (Foland et al. 1991;
Belknap et al. 1993; Jansson 1995). Their propensity towards
injury and subsequent synovial sepsis of their associated
sheaths stems largely from a lack of soft tissue covering over
the dorsal aspects of the distal limbs. With laceration of an
extensor tendon, evaluation of tendon damage is largely
based on visual assessment of the gait of the horse and on
evaluation of the wound. An inability to extend the digit is
noted as most extensor lacerations occur distal to the carpus
or tarsus and proximal to the fetlock joint. Knuckling at the
fetlock is frequently noted as well, particularly when all
extensors are involved (McIlwraith 2002; Mespoulh�es-Rivi�ere
et al. 2008). The inability to extend the digit may be more or
less dramatic depending on which extensor tendon(s) is/are
involved and whether transection is partial or complete.
Duration between injury and presentation may also play a
role in severity of gait abnormality, as horses tend to quickly
learn to compensate for loss of extensor function. Primary
suturing of the severed tendon ends is rarely indicated, even
with complete transection. Often the ends are frayed and
difficult to oppose, and horses tend to recover well with or
without suturing of the tendon (Mespoulh�es-Rivi�ere et al.
2008). Casting, splinting and/or use of a Robert Jones
bandage have all been used to support the limb during
healing of extensor lacerations while remaining tendon ends
heal by fibrosis and the horse learns to compensate with
remaining extensor tendons and musculature.

Prognosis following extensor tendon lacerations is generally
good, particularly in comparison with lacerations involving
flexor tendons (McIlwraith 2002). Foland et al. (1991)
performed a retrospective analysis of horses treated for

traumatic tendon injuries and found that 12/15 (80%) horses
treated for extensor tendon injuries were able to return to
ridden work. In contrast, only 13/22 (59%) horses with flexor
tendon lacerations returned to ridden work (Foland et al.
1991). Transection of both the lateral and long digital extensor
tendons of the hindlimbs was evaluated in terms of ability to
return to racing soundness. Only 30% of treated horses returned
to racing in this study. This number is low in comparison with
other prognoses reported for extensor tendon lacerations;
however, this study specifically investigated ability to race
versus evaluating ability to return to less intense forms of
exercise (Elliott et al. 2012). A review of 50 cases of extensor
tendon lacerations, 80% of which involved hindlimbs, reported
72.5% of horses returned to athletic soundness (Belknap et al.
1993). A retrospective study evaluating 156 cases of extensor
tendon laceration found a 74% return to soundness and 17%
with a moderately affected gait; approximately 91% of these
cases were hindlimb lacerations, and 52% of these cases had
lost all functional extensor tendon tissue on the affected limb
(Mespoulh�es-Rivi�ere et al. 2008).

The reasoning behind the generally more favourable
prognosis for extensor tendon pathology is largely related to
the differences in anatomy and function of extensor tendons
relative to flexor tendons. The extensor carpi radialis has its
muscular origin at the lateral supracondylar crest and radial
fossa of the distal humerus, with its tendinous insertion on the
proximodorsal third metacarpus. Its function is to extend the
carpus. The muscular origin of the common digital extensor
tendon is composed of radial, humeral and ulnar heads; the
radial head inserts on the proximodorsal first phalanx, and the
humeral and ulnar heads insert on the extensor process of
the third phalanx (Budras et al. 2009). It functions to extend
the carpus and digit. The lateral digital extensor tendon
originates at the proximal aspect of the radius and ulna and
inserts in combination with the radial head of the common
digital extensor on the proximodorsal first phalanx (Budras
et al. 2009). It functions to extend the metacarpophalangeal
joint. Extensors of the hindlimb digit include the long and
lateral digital extensors. The long digital extensor originates on
the lateral condyle of the femur and inserts on the extensor
process of the third phalanx, with less substantial insertions on
the first and second phalanges. The lateral digital extensor
originates at the lateral collateral ligament of the stifle and
joins the long digital extensor tendon to insert on the extensor
process of the third phalanx (Budras et al. 2009). These
structures function to flex the hock and extend the digit
(Payne et al. 2004). Each of these extensor tendons is
enclosed in a synovial sheath as it courses over the carpus or
tarsus.
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The extensor carpi radialis muscle is the only forelimb
muscle that functions in the first half of the swing phase of the
stride at all gaits. The common and lateral digital extensor
muscles of the forelimb also have some activity in the swing
phase but their roles occur later in the stride, closer to when
the hoof hits the ground; they are also engaged in the
stance phase (Harrison et al. 2012). When the extensor carpi
radialis tendon is ruptured or absent, flexion of the carpus
occurs in an exaggerated fashion during limb protraction due
to loss of opposition to the flexor muscles (Peloso 2012). If the
common digital extensor and lateral digital extensor tendons
are severed, the horse exhibits abnormal dorsal flexion of the
metacarpophalangeal joint early in the stance phase
(Harrison et al. 2012). Previous authors (Wilson et al. 2003;
Avella and Smith 2012; Harrison et al. 2012) have discussed
that a large component of the forward movement of the
limbs is powered by the elastic strain energy stored in
tendons and ligaments. While the general function of the
extensor tendons is to extend joints and/or aid in appropriate
hoof placement, the flexor tendons are responsible for the
vast majority of the workload, storing elastic energy from
bearing weight in the stance phase that is then used for the
next stride. The loss of structure or function of a flexor tendon,
therefore, should have much more profound effect on
athletic potential for the horse.

Previously reported cases describing radical extensor
tendon resection are rare, but consist of septic or nonseptic
tenosynovitis. Tenosynovitis may present with lameness,
swelling of the synovial sheath of the affected extensor
tendon and reduced ability to flex the carpus (forelimbs)
(Platt and Wright 1997). Causes of tenosynovitis often include
puncture wounds (usually resulting in septic tenosynovitis);
however, chronic tenosynovitis of the extensor carpi radialis
tendon sheath secondary to presence of an osteochon-
droma has been recently reported (Russell et al. 2017). Earlier
treatments employed for tenosynovitis include systemic and
local antimicrobials in cases of septic tenosynovitis, surgical
lavage with removal of necrotic tissue and placement of
surgical drains (Mason 1977; Honnas et al. 1991; Schneider
et al. 1992; McIlwraith 2002). More aggressive treatment
includes resection of the thickened synovium and adhesions
between the tendon and its synovial membrane (Wallace
1972; Platt and Wright 1997). When this treatment regimen
is successful, removal of extensor tendon tissue is not
necessary.

When the aforementioned treatments are unsuccessful for
treatment of septic tenosynovitis, however, resection of the
portion of extensor tendon within the synovial sheath and
resection of the synovial lining can be employed and still
result in a favourable athletic outcome. This technique may
be chosen based on failure to respond to more conservative
therapies, compromise to the integrity of the tendon itself or
severity of disease at the time of diagnosis. When this
technique has been used for removal of the common digital
extensor tendon, dragging of the toe has been noted for
the first couple of days post-operatively, after which time the
horse adapts and is able to flip the toe forward to extend the
digit for proper placement of the foot. These horses are able
to return to athletic soundness without long-term changes to
their movement (Booth et al. 2000, 2004).

Important points to consider with aggressive surgical
resection of an extensor tendon include the following:

avoidance of inadvertent penetration of the carpal joints
during dissection of the tendon and sheath over the dorsal
aspect of the carpus, necessity for placement of surgical
drains and type and duration of external coaptation needed
post-operatively to ensure successful wound healing and
functional recovery. Careful dissection is imperative over the
carpus to avoid entering the carpal joints, particularly when
the reason for extensor tendon resection is related to
infection. The use of some sort of surgical drain is important
due to the amount of dead space created by removal of a
large volume of tissue, as well as to minimise chance for
recurrent infection. Compensation of the remaining extensor
muscles and tendons when one is lost is thought to play a
major role in the horse’s ability to function relatively normally
after loss of an extensor tendon. While fibrous healing of
severed tendon ends may occur with some extensor
lacerations, this does not occur with radical resection. Most
horses appear to do well post-resection of the common
digital extensor when recovered from anaesthesia in a Robert
Jones bandage, with splinting of the limb for a period of
10 days thereafter (Booth et al. 2000, 2004). Prior to the case
report in this issue by Johnston and Zedler, resection of the
extensor carpi radialis tendon and its long-term effects on
athletic function have not been described. The authors
present both a unique indication for resection and strong
evidence that a horse can have a good functional outcome
with resection of this tendon.
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Case Report

Subleukaemic acute myeloid leukaemia with myelodysplasia in a
horse
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Summary

A 6-year-old Italian Saddle mare was referred for a 4 months
history of poor performance, weakness and pancytopenia.
Physical examination revealed pale mucous membranes.

A CBC showed pancytopenia characterised by severe
macrocytic normochromic anaemia (RBC 1.59 9 1012/L, RR
5.7–12.5 9 1012/L; Hb 3.9 gr/dL, RR 11–17 gr/dL; Hct 17%, RR 32–
47%; MCV 67.3 fl, RR 55–65 fl; MCHC 36.4 g/dL, RR 34–37 gr/dL),
moderate to severe thrombocytopenia (Plt 28 9 109/L, RR 100–
400 9 109/L) and moderate neutropenia (Neutrophils
1.7 9 109/L, RR 3.00–8.0 9 109/L). The white blood cell count
was 7.14 9 109/L (RR 5.6–16.0 9 109/L) and the differential
leukocyte count revealed 30% lymphocytes (2.14 9 109/L, RR
1.5–5.0 9 109/L), 24% neutrophils, 20% monocytes (1.43 9 109/L,
RR 0–0.6 9 109/L), promyleocytes (7%; 0.5 9 109/L, RR none),
immature monocytes (promonocytes 14%; 1.0 9 109/L, RR
none) and blasts (5%; 0.36 9 109/L, RR none). Blasts were

intermediate cells containing round nuclei with fine chromatin
and small amounts of light blue cytoplasm (Fig 1). Erythrocytes
displayed moderate to marked anisocytosis, with moderate
numbers of macrocytic erythrocytes, megaloblastic rubricites
and low numbers of small ‘dumb-bell’-shaped red blood cell
fragments (Fig 1). A presumptive diagnosis of acute leukaemia
was made.

A bone marrow aspirate lacked bone marrow spicules, but
were highly cellular. No megakaryocytes were seen. There was
a paucity of polychromatophils indicative that anaemia was
nonregenerative. The majority of cells in the marrow were of
myeloid origin, with rare erythroid precursors. A differential count
(500 cells) was composed of 23% segmented neutrophils, 14%
differentiating neutrophils (myelocytes to bands), 32%
monocytes, 30% blasts and 1% erythroblasts (myeloid to
erythroid ratio of 99:1). Dysplasia was evident in myeloid and
erythroid lineages (hypersegmented and giant neutrophils with
abnormal granulation, erythroid megaloblasts and basophilic
stippling in erythroid precursors). A diagnosis of acute myeloid
leukaemia presumptive myelomonocytic (≥20% differentiating
neutrophils and ≥20% monocytes) was confirmed.

The cytochemical stains supported this diagnosis: blasts (87%)
were positive for CAE-chloroacetate esterase (neutrophil lineage,
mature and immature) and NAE-Naphtil acetate esterase
(immaturemyeloid cells, monocytes and their precursors).

Flow cytometry confirmed the majority of blood cells (85%)
were neutrophil and monocyte lineages in nature based on size,
granularity and markers expression (CD 172a, myeloid cells;
CD14 andMHCII, monocytes; CD34, immature progenitor cells.

Due to deteriorating condition, the animal died several
days later.

Keypoints

• Subleukaemic acute myelomonocytic leukaemia with
concurrent myelodyspastic features, even if a rare
condition in the horse, should be considered a
differential diagnosis for horses presenting with
pancytopenia and nonspecific clinical signs.

• The use of flow cytometry in conjunction with
cytochemistry best supports the diagnosis and
classification of AML in horses.

• Because prognosis and management of leukaemia
depend in part on the lineage and maturity of the
leukaemic cells, improved characterisation with immuno-
phenotyping is needed to classify equine leukaemias.

a)

b)

Fig. 1: Blood smear from a horse with acute myelomonocytic
leukaemia and myelodisplasia demonstrating low numbers of
blasts (round nuclei with prominent nucleoli), and numerous
monocytes and promonocytes (a). Note the dysplatic changes:
small elliptical RBC fragments (thin arrow) (b) and giant neutrophils
as dysplastic changes. May Grunvald Giemsa stain (1003).
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Clinical Commentary

Is acute myeloid leukaemia with myelodysplasia a zebra among
horses?
D. Bienzle

University of Guelph, Guelph, Ontario, Canada
Corresponding author email: dbienzle@uoguelph.ca

In this issue of Equine Veterinary Education, Miglio et al.
(2019) report a case of acute myeloid leukaemia in a horse.
Leukaemia is an uncommon diagnosis in horses and making
the diagnosis based on ante mortem review of blood and
bone marrow samples is often challenging for the pathologist
and clinician alike. There are several steps that help to
establish a diagnosis of leukaemia, as described by Miglio
et al.:

1 Provision of a thorough history by the clinician to the
pathologist. In this case, the patient was relatively young
(6 years of age) and had a history of clinical and
laboratory abnormalities over a period of 4 months. The
clinical abnormalities of poor performance and weakness
correlated with laboratory identification of severe
anaemia, and epistaxis with severe thrombocytopenia. The
horse also had neutropenia, and therefore, a reduction in
all bone marrow-derived cell lines (pancytopenia).
Pancytopenia is a very uncommon condition in horses, and
most often due to primary haematopoietic disease.

2 Review of the blood film. Although in this case the
absolute leucocyte count was within the normal reference
interval, there were unclassifiable blast cells, immature
monocytes, dysplastic erythrocytes and rubricytes on the
blood film, none of which are normally observed. This step
illustrates the importance of morphologic assessment of
blood smears.

3 Ruling-out potential infectious causes of cytopenia. While it
would be uncommon for vector-borne or viral agents to
cause pancytopenia in horses, potentially treatable
infectious causes nevertheless should be ruled out through
serologic testing.

4 Evaluation of bone marrow core biopsy and aspirate.
Collecting a core biopsy of adequate size (at minimum
2 cm in length) and free of artefact is not easy and
preparing good quality smears requires dexterity and
experience. The core biopsy should be collected prior to
aspiration to minimise generating haemorrhage artefact in
the marrow cavity. Then, the needle should be rinsed with
ethylenediaminetetraacetic acid (EDTA) and re-introduced
into the sternebra to aspirate 0.3–0.6 mL of bone marrow
into a 12 mL syringe. Negative pressure from aspiration
induces rupture of marrow sinusoids and subsequent
haemorrhage, which progressively haemodilutes the
aspirate (Kasashima et al. 2011). Therefore, for diagnostic
purposes the first 0.5 mL aspirated are most likely to contain
the highest concentration of haematopoietic cells, and
sufficient to prepare at least 10 slides. Thin smears that are
dried rapidly will generate optimal cell distribution and
preservation (Bienzle 2012).

5 Interpretation of bone marrow samples in the context of
clinical history and haematological findings. In this case,

the aspirate slides were highly cellular but devoid of
particles, which is a feature previously reported for samples
from horses with leukaemia (Cooper et al. 2018). A 500-cell
differential count yielded 30% blasts and 32% monocytoid
cells with the remainder composed of neutrophil precursor
cells and rare rubriblasts (Miglio et al. 2019). In benign
haematopoietic conditions, blasts are <5% and monocytes
and their precursors are rare due to absence of a marrow
storage pool. In this case, lack of megakaryocytes, severe
erythroid hypocellularity, 30% blasts, hypercellularity of
granulocytic and monocytic cells, and concurrent severe
pancytopenia was diagnostic of acute myeloid leukaemia
(AML) (Valli et al. 2015). Evaluation of the core biopsy
section (which should be <3 lm thick to maximise
assessment of single cells) yielded similar findings to that of
the cytology slides.

6 Classification of the leukaemia. Based on predominance of
granulocytic and monocytic cells this leukaemia was
classified morphologically as myelomonocytic type, which
is the most common type identified in other studies
(Cooper et al. 2018). In human medicine, AML samples
would next be assessed by cytogenetic and molecular
tests to determine the most appropriate therapy and
prognosis associated with specific genetic lesions
(Swerdlow et al. 2016). Such assays are not routinely
available in veterinary medicine. Therefore, at present
leukaemia in animals is diagnosed based on haematologic
and morphologic abnormalities and classified according to
morphology of the predominant cell type. Miglio et al.
(2019) also performed cytochemical assessment of blood
leucocytes, which suggested blasts had some enzymatic
activities consistent with neutrophilic and monocytic
lineages and lacked others typical of these lineages. On
flow cytometry, light scatter showed cell populations
typical of neutrophils, monocytes and lymphocytes, while
blasts cells were not apparent as a unique population.
Since blast cells comprised only 5% of blood leucocytes, it
is not surprising that neither cytochemistry nor flow
cytometry enabled clear characterisation of such cells.
Analysis of a bone marrow aspirate instead of a blood
sample by cytochemistry and flow cytometry may have
been more informative, but neither was essential for
making the diagnosis of AML in this case.

7 Notation of other abnormalities. In this case there were
dysplastic features in erythrocytes and leucocytes, which
has not previously been reported in equine cases of AML
(Barrell et al. 2017). Myelodysplasia refers to
morphologically abnormal haematopoietic cells, which in
this case included elliptical erythrocytic microcytes and
abnormally shaped and uneven nuclear segments in
neutrophils. Myelodysplasia is most common in
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myelodysplastic syndrome, which is a more slowly
progressive myeloproliferative neoplasm than AML, and
associated with eventual bone marrow failure, but
myelodysplasia may also occur in benign conditions
following exposure to toxic or infectious agents. In humans,
dysplasia in AML may be associated with specific genetic
changes (Vardiman and Reichard 2015). The significance
of myelodysplasia in equine AML is unknown.

It is important for clinicians and pathologists alike to
remember that persistent severe cytopenia of multiple cell
lineages is very uncommon in horses, that haemolymphatic
neoplasia should be the primary differential diagnosis in such
cases, and that haemolymphatic neoplasms often manifest
with systemic inflammation. In this case only low serum
albumin concentration was reported, but in other case series
hyperglobulinaemia and increases in systemic inflammatory
proteins such as fibrinogen, haptoglobin and serum amyloid
A were also common (Barrell et al. 2017; Cooper et al. 2018).
The prognosis of AML in horses appears to be uniformly poor,
as also illustrated by death of this patient within a few weeks
of diagnosis. While the morphology of AML in horses is
variable, disease progression appears to be uniformly rapid
and prognosis has to be considered grave. Dysplasia has not
previously been reported in equine AML, but since only
relatively few cases of this neoplasm have been described in
horses, and dysplasia is not uncommon in AML in other
species, this may not be a zebra among horses. Following
diagnostic steps as performed by Miglio et al. (2019) and as
outlined in this clinical commentary should aid in establishing
a rapid and confident diagnosis.
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Summary
Diagnosis of steatitis can be challenging due to nonspecific
clinical signs and ultrasonography might be a useful aid
for making a diagnosis. The objective of this retrospective
clinical case study was to describe history, clinical signs,
ultrasonographic findings, treatment and outcome in equids
with steatitis. The medical records of all equids presented to the
Department of Large Animal Internal Medicine, Ghent University
between January 2008 and December 2015 were reviewed
retrospectively to identify horses suffering from steatitis. A total of
20 cases with steatitis were reviewed. History included dullness,
recumbency, decreased appetite and weight loss. Fever,
ventral oedema, stiff/painful gait and a painful neck were
found. Low haematocrit, low vitamin E and selenium and
increased levels of creatinine kinase and particularly lactate
dehydrogenase were almost consistent findings. On ultrasound,
ventral oedema was found. Ventral extraperitoneal, perirenal,
mesenteric, coronary and caudal mediastinal fat showed
homogenously increased echogenicity. The ventral
extraperitoneal fat in particular was surrounded by oedema or
free fluid. Increased amounts of abdominal, thoracic and
pericardial fluid were often found. Fat biopsies were taken in the
neck, or from the ventral extraperitoneal fat in the ventral flank.
Steatitis was confirmed in all horses where a fat biopsy
was taken (n = 13). Treatment consisted of selenium
and vitamin E (intramuscular injection followed by oral
treatment) supplementation and anti-inflammatory treatment
(dexamethasone or prednisolone parenteral or oral) for at least
1–4 weeks. A total of 15 animals (75%) survived. Full recovery
took about 2–6 months. In conclusion, steatitis is an uncommon
disease in young horses usually seen during winter. It may be
underdiagnosed because of nonspecific clinical signs.
Ultrasonography is a useful aid for the diagnosis of yellow fat
disease based upon the increased echogenicity of ventral
extraperitoneal, perirenal, mesenteric, coronary and caudal
mediastinal fat and increasedamount of surrounding fluid.

Introduction

Inflammation of the adipose tissue associated with muscular
dystrophy in foals was first described by Dodd et al. (1960).
This disease, later called yellow fat disease or steatitis, is
characterised by a local or general inflammation of fat tissue.
It is most common in cats, mink and swine and is occasionally
found in horses (Mason and Hartsough 1951; Van de Kerk
and Danse 1973). A local inflammation of fat tissue can be
caused by trauma, injection or infection (Rees 2010), whereas
the cause of a generalised inflammation is still poorly

understood but is thought to be due to antioxidant deficiency. A
high intake of polyunsaturated fatty acids leads to their increase
in adipose tissue and requires more antioxidants to prevent them
from oxidation (Dixon et al. 1983; De Bruijn et al. 2006). A
progressive peroxidation of body fat results in the release of
peroxidation products (ceroid pigment) into the surrounding
tissues which causes an extensive adipose cell inflammation and
degeneration and the typical yellow discolouration of the fat
(Platt and Whitwell 1971; White 1993; Ruffin et al. 1996; Wintzer
1997; De Bruijn et al. 2006; Suarez-Bonnet et al. 2008). The
involved fat deposits become hard and painful and, depending
on the localisation, different clinical signs may be found which
makes the diagnosis challenging. Histopathological examination
of affected fat shows necrosis, infiltration of neutrophils and the
presence of ceroid which confirms the diagnosis (Wensvoort
1974). In this report, we describe the history, clinical signs,
treatment, outcome and typical findings on ultrasound seen in
20 equids with yellow fat disease.

Materials and methods

Data collection
The medical records of all horses presented to
the Department of Large Animal Internal Medicine, Ghent
University between January 2008 and December 2015
were retrospectively reviewed. Based upon biopsy,
ultrasonographic and/or post-mortem findings, animals with
steatitis were identified. History, clinical signs, ultrasonographic
findings, treatment, survival to discharge and long-term
survival of affected animals were recorded.

Ultrasonography
An Esaote Mylab 301 with a 3.5 MHz phased-array probe or a
GE Vivid 7 Dimension2 with a 2.5 MHz phased-array transducer
was used to perform transthoracic and transabdominal
ultrasonography of the left, right and ventral abdomen.
Ultrasonographic findings were collected on a standardised
patient information sheet and in the hospital’s digital system.
Images were all reviewed by the same experienced observer
(G.v.L.). Horses with one or more signs of inflammation of fat on
ultrasound were included in the study. Inflamed fat is more
homogeneously hyperechoic, small blood vessels can be seen
in the fat and/or oedema or free fluid around the fat is evident.

Results

Medical records of 13,707 horses and donkeys presented to
the Department of Large Animal Internal Medicine, Ghent
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University were reviewed. A total of 20 cases (0.14% of the
hospital population) (18 horses, 2 donkeys, 9 stallions, 9 mares
and 2 geldings) with steatitis were identified.

History
Mean age was 1.6 (�0.8 s.d.) years, ranging from one month
to 3.5 years. Breeds included 10 Warmblood horses, 2 Welsh
ponies, 2 American paint horses, 2 donkeys, one Shetland
pony, one Belgian draught horse, one Appaloosa and one
miniature horse. The cases were referred by a veterinarian for
one or more of the following clinical signs: anorexia (n = 9),
fever (n = 11), subcutaneous oedema (n = 13), dullness
(n = 19) and frequent recumbency (n = 7). Except for one
case that occurred in August, all cases were presented
between October and February, with a peak in December
and January. Most horses (n = 15) were kept at pasture with
supplementary hay, three horses were kept at pasture
without hay and two horses were kept in a box with hay as
the only fibre source. Duration of clinical signs before arriving
in the clinic varied between one day and 2 months. Except
for one case that occurred in August, all cases were
presented between October and February. Age, gender,
breed and main clinical signs are listed in Table 1.

Clinical findings
In one horse (Case 12) clinical examination was not
performed because of aggressive behaviour, even after
sedation. All other patients (n = 19) were found to be
depressed and nine of these showed severe decrease in
appetite with weight loss. One horse (Case 10) was
recumbent. Common clinical abnormalities included an
increased heart rate (n = 18, mean 77 � 18 beats/min),
fever (n = 12, mean 38.7 � 0.6°C) and subcutaneous
oedema (n = 13). The oedema was localised ventrally
(n = 9), around the scrotum/udder (n = 4), or generalised
including head, limbs and ventral oedema (n = 4). A painful
palpation of the nuchal ligament was found in 19 cases.
One horse showed severe abdominal discomfort (Case 11).
Rectal palpation was performed in three cases (Cases 6, 11
and 15), but showed no clear abnormalities. Rectal
ultrasonography was not performed. Some cases showed a
stiff and painful gait (n = 8), or had a swelling of the
supraorbital fat (n = 8).

Blood examination
Serum biochemistry and haematology was performed in all
cases and results are presented in Table 2. Increased lactate
dehydrogenase (LDH) (mean 5119 � 3691 u/L; reference
range 115–518 u/L) was seen in all cases, except one where
the enzyme activity was not measured (Case 19). In one
case (Case 13), the LDH was outside the maximal detection
range, but no measurement after dilution of the sample was
performed. An increased creatinine kinase (CK) (11/16)
(mean 2113 � 449 u/L; reference range 78–353 u/L) and
aspartate aminotransferase (AST) (11/15) (mean 1101 � 153
u/L; reference range 166–376 u/L) were often found.
Decreased vitamin E concentrations (mean 3.36 � 3.69 lmol/
L; reference range 4.6–18.6 lmol/L were found in 16 out of 19
cases. In three horses, two of which had decreased selenium
concentrations, vitamin E was normal. However, one of these
horses had received vitamin E and selenium intramuscularly
at home (Case 20). A decreased serum selenium
concentration (mean 47 � 40 lg/L; reference range 67–

186 lg/L) was seen in 12 of 17 cases. A mild to severe
anaemia (mean RBC count 7.32 � 2.53 9 1012/L; reference
range 6.4–10.4 9 1012/L) was found in almost all horses (18/
20). A moderate to severe leucocytosis (mean WBC count
11.18 � 7.74 9 109/L; reference range 4.9–11.1 9 109/L) was
seen in 5 cases. Hypoproteinaemia (mean total protein
54 � 6.63 g/L; reference range 52–70 g/L) was present in four
of 19 cases. A moderate to severe hypoalbuminaemia
(mean albumin 27 � 6.37 g/L; reference range 25–39 g/L)
was found in five of 13 cases. One horse (Case 9) showed an
increased gamma glutamyltransferase (cGT) level (119 u/L;
reference <40 u/L).

Ultrasonography
Transthoracic and transabdominal ultrasonography was
performed in 19 cases; one foal died before an ultrasound
examination was performed (Case 13). In all 19 cases a
change in ultrasonographic appearance of fat tissue was
noted. While normal fat has a heterogeneous, hypoechoic
appearance (Fig 1), the inflamed fat was more
homogeneously hyperechoic and small blood vessels were
occasionally noticed. Ventral oedema was found in 15 cases
and in 10 cases the ventral extraperitoneal, mesenteric and
perirenal fat (Fig 2) showed a homogenously increased
echogenicity. The coronary (Fig 3), pericardial and caudal
mediastinal fat echogenicity was increased in 14 cases.
Oedema or free fluid was found around the ventral
extraperitoneal fat in six cases (Fig 4). In one case (Case 1)
there was an increased amount of thoracic fluid and in four
other cases increased amounts of abdominal, thoracic and
pericardial fluid were found. The fluid obtained by
thoracocentesis (Case 1) revealed a low protein
concentration (14 g/L, reference value <25 g/L) and a high
white blood cell count (42 9 109/L, reference value
<5.0 9 109/L). Differentiation between normal and
abnormal fat tissue around the nuchal ligament was found
to be difficult because of the more echogenic nature of
this area.

Biopsy
Fat biopsies from the neck (Cases 14, 15, 16, 17 and 18) or
from the ventral extraperitoneal fat in the ventral flank
(Cases 2, 3, 4, 5, 6, 7, 8 and 11) were taken with a 10 G
spirotome3 under ultrasound guidance. The Spirotome
consists of a ‘cutting needle’ (145 mm long, 4 mm
diameter), a trocar and a ‘receiving needle’ (a smaller
needle with a helix at the distal end, 3 mm diameter). To
take a biopsy, the cutting needle, with the trocar in place, is
inserted in the affected fat tissue. The trocar is then
removed and replaced by the receiving needle. By rotating
the receiving needle clockwise, the distal helix entered the
fat and ‘collected’ the tissue. Finally, the cutting needle was
advanced with clockwise rotation to separate the collected
specimen from the surrounding tissue. Both needles were
then retracted to collect the tissue from the helix of the
receiving needle.

In all horses where a fat biopsy was taken (n = 13),
steatitis was confirmed by severe degeneration and necrosis
of fat cells. There was an infiltration of macrophages,
lymphocytes, plasmacytes and neutrophils and a multifocal
fibrosis. The adipocytes were surrounded by histiocytic
syncytial giant cells and are often laden with light brown
lipopigments (ceroid) (Fig 5). The surrounding connective
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tissue showed degenerative changes with hyalinisation,
fragmentation and loss of striation of the monocytes.

Other examinations
Faecal examination was performed in Cases 2, 3, 5, 12, 17
and 18. Cyathostominae larvae were found in the faeces of
Cases 2 and 3. Strongyle eggs were found in Cases 2 and 5.
Case 2 was also positive for Anaplocephala proglottids.
Oxyuris-type eggs were found in the faeces of Case 18. None
of the horses had diarrhoea. Urine analysis from Case 6
revealed no abnormalities. Blood culture from Case 2 was
negative. After finding increased lung sounds on auscultation,
endoscopy was performed in Cases 14 and 15. Accumulation
of mucus was present in the trachea of both horses.
Bacteriological examination revealed Streptococcus equi
subsp. zooepidemicus in Case 15 and oxidase positive Gram-
negative bacteria in Case 14.

Fig 1: The normal ventral extraperitoneal fat layer (double-
headed arrows) has a hypoechoic, heterogeneous appearance.
Deep to this layer the peritoneum (arrow) and large bowel wall
(arrowheads) are visible. The total imaging depth is 6 cm.

Fig 2: Horse with steatitis. In between the liver (L) and the right
kidney (K) a hyperechoic perirenal fat layer (arrows) is found.
Total imaging depth is 13 cm.

Fig 3: Horse with steatitis. From a left parasternal view of the
heart, the fat from the coronary groove (arrowheads), surrounding
the coronary vessels (*), appears hyperechoic to the left
ventricular myocardium (double-headed arrow) and the left
ventricle (dotted arrow). The total imaging depth is 10 cm.

Fig 4: Horse with steatitis. The extraperitoneal fat layer (double-
headed arrows) has become hyperechoic and is surrounded by
hypoechoic fluid. Deep to this layer the peritoneum (arrow) and
large bowel wall (arrowheads) are visible. The total imaging
depth is 7 cm.

*

* *

*

*

Fig 5: Histopathological image of a fat biopsy from a horse with
steatitis (HE, 3400). The adipocytes are laden with lipopigments
(*). There is an infiltration of mononuclear cells. (Scale bar:
20 lm).
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Diagnosis
In almost all cases (n = 19), a diagnosis of steatitis was made
antemortem based on clinical signs (painful neck, oedema,
fever), blood examination (increased LDH, low vitamin E and
selenium) and ultrasonography (homogenously increased
echogenicity of fat tissue). In 13 of these cases the diagnosis
was also confirmed by an ultrasound-guided biopsy. In only
one case (Case 13) yellow fat disease was not diagnosed
antemortem. This one month old foal was presented with
clinical signs of fever and anorexia. The foal died before a
complete ultrasonographic examination was performed. The
horse of Case 1 died after one day of treatment. In both
cases, the final diagnosis of steatitis was made on necropsy
where a discolouration of the perirenal and ventral
extraperitoneal fat tissue was found (Fig 6) and typical
histopathological changes were confirmed.

Treatment and outcome
Eighteen horses were treated with vitamin E and selenium
(Etosol-Se,4 20 ml/500 kg bwt, i.m.) followed by oral treatment
of natural vitamin E (Equi-vitamin E5 5000 iu). Thirteen horses
also received corticosteroids (dexamethasone IV, Vetodexin,6

0.1 mg/kg bwt i.v., followed by oral prednisolone,
Equisolone,6 1 mg/kg bwt) for at least 1–4 weeks.
Nonsteroidal anti-inflammatory treatment (flunixine
meglumine, Finadyne,7 1.1 mg/kg bwt i.v.) was administered
when fever was present. In case of excessive oedema (Cases
3, 5, 7, 16 and 17) horses were treated with diuretics
(furosemide, i.v., Dimazon,8 1 mg/kg bwt). Broad-spectrum
antibiotic treatment was administered in 5 cases (5 mg/kg
bwt trimethoprim and 25 mg/kg bwt sulfadiazine b.i.d. per os,
Emdotrim9 in Cases 1, 6, 14, 17 and 20). Deworming was
performed when faecal examination was positive.

One horse (Case 15) did not receive any treatment due
to financial constraints and the owner decided to take the
horse back home. This horse was lost from follow-up. Of the
remaining 19 horses, 14 horses survived to discharge (74%),
four horses died (Cases 1, 3, 13 and 18) and one horse (Case
17) was subjected to euthanasia due to lack of improvement
after 3 weeks of treatment. All of the dead horses (n = 5)
underwent necropsy. All owners of surviving horses were

contacted by telephone 1–9 years after discharge (March
2017). One horse (Case 10) had died one week after
discharge from the clinic from an unknown condition and the
other 13 animals were still alive. Full recovery without any
remaining clinical signs for the surviving animals took about 2–
6 months.

Discussion

In this retrospective study, results from 20 equids suffering from
yellow fat disease were included. Although diagnosis is
challenging, a good clinical examination, blood examination,
ultrasonographic examination and biopsy allowed steatitis to
be determined as the most likely diagnosis in all cases. Low
vitamin E (84%) and selenium (76%) were often present. A
normal or moderately increased CK (69%) and AST (73%)
activity was often found, while LDH was markedly increased
in all cases and therefore helpful for making a diagnosis. The
reason for the marked LDH increase is not fully understood.
Lactate dehydrogenase is found in many tissues and is
therefore not organ specific. The isoenzyme profile obtained
by electrophoretic separation could have been useful
(MacLeay 2010), but was not determined in our cases.

All affected animals were relatively young; six were foals
and 14 were between one and 3 years of age. Vitamin E
levels in foals are significantly lower in the first 4 months of life
compared to their dams (Maenpaa et al. 1988) and it has
even been suggested that foals probably are born affected
or predisposed to the condition (De Bruijn et al. 2006). In our
study, no vitamin E concentrations in dams were measured.

Although most cases had access to pasture, almost all
clinical signs occurred between October and February, with
a peak in December and January. It has been shown that
serum vitamin E in winter is substantially lower compared to
summer (Maenpaa et al. 1988) which could be a possible
explanation for the seasonality of this condition, although the
exact aetiopathogenesis of generalised steatitis is currently
unknown.

In normal horses, ventral extraperitoneal fat has
a hypoechoic, heterogeneous ultrasonographic appearance
and can be confused with intra-abdominal fluid or neoplasia
unless the margin, location and distribution is carefully
evaluated (Freeman 2003). The fat layer gets thicker
towards the ventral part of the abdomen. In all examined
animals in our study, inflammation of fat tissue was identified
ultrasonographically as homogenously increased
echogenicity of ventral extraperitoneal, perirenal, mesenteric,
coronary or caudal mediastinal fat, usually surrounded by
oedema or free fluid in the thorax, abdomen and/or
pericardium. Further confirmation of the diagnosis can be
obtained from antemortem histopathology of a biopsy.
Biopsies in our study were taken with a 10 G Spirotome under
ultrasonographic guidance. The advantage of the Spirotome
is that it takes a frontal macrobiopsy whereby it is less likely to
damage peritoneum compared to a trucut technique, which
uses a lateral uptake. In addition, studies in human medicine
have shown that a single soft tissue biopsy is usually of
sufficient diagnostic quality, while for the trucut technique
multiple samples are advised (Cornelis et al. 2009).

It has been suggested that the use of corticosteroids
might have a lipolytic effect (Wintzer 1997). However, in small
animals, especially the cat, it is known that corticosteroids are
essential for the treatment of yellow fat disease in order to

Fig 6: Cross-section of the kidney (Case 1) showing
discolouration of the perirenal fat.
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reduce general inflammation (Koutinas et al. 1993). In our
study, 13 horses received corticosteroids: three of the five
nonsurvivors and 10 of the 15 survivors. The exact cause of
death in affected animals is not exactly known, but has been
previously related to systemic fat emboli (Suarez-Bonnet et al.
2008), myocardial necrosis (De Bruijn et al. 2006) or
myonecrosis (Dixon et al. 1983).

Few case series on steatitis have been published in the
literature. In these studies a final antemortem diagnosis was
usually not obtained and most horses were subjected to
euthanasia due to lack of response to treatment. In our study,
an antemortem diagnosis could be made based upon
ultrasonography and biopsy. Therefore, despite little changes
in clinical signs over the first week, treatment was continued
during a much longer period of time (mean hospitalisation
time was 22 days). In addition, corticosteroid treatment might
have played a role in increased survival as corticosteroid
treatment was usually not performed in other case series.
Finally geographic, breed differences and other unknown
factors might have played a role in the better outcome.

Conclusion

Yellow fat disease or steatitis is an uncommon condition
(0.14% in a hospital based population), but should be
included in the differential diagnosis of dullness, recumbency,
low grade fever and anorexia, especially in young horses and
especially in fall and winter. Ultrasonography is a very useful
diagnostic aid by identifying increased echogenicity of the
inflamed fat and presence of surrounding oedema or fluid.
Corticosteroid administration and long-term treatment
resulted in a good prognosis for survival.
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Summary
Invasive dental procedures performed in the standing,
sedated horse are facilitated by local and regional
anaesthesia. The traditional transcutaneous approach to the
mental foramen is used to desensitise the incisive region
including the mandibular incisors, but is not well tolerated by
many sedated patients. In this study, a new, intraoral needle
insertion technique for nerve block at the mental foramen
was investigated. In 15 equine cadaver heads and two live
horses, computed tomography (CT) was used to verify Tuohy
needle placement into each mental foramen using an
intraoral technique. Varying volumes of contrast medium (3,
6, 10 mL) were injected into the mandibular canal with and
without digital occlusion of the mental foramen. The distance
of retrograde flow was measured. Additionally, measurements
were taken to determine the position of the mental foramen
within the interdental space. Correct placement of Tuohy
needles and injection of contrast medium into the mandibular
canal using an intraoral approach at the mental foramen was
achieved in all injections. Retrograde flow of contrast medium
was accomplished with all volumes, regardless of occlusion.
Although not statistically significant, the 10 mL group
appeared to have a greater distance of flow. The needle
insertion technique described here appears to be a potential
alternative to traditional transcutaneous approaches to
mental nerve block for procedures involving the incisive
region. In addition, it was found that 79% of the mandibular
canals injected with 10 mL of contrast medium had
retrograde flow to the position of PM4, suggesting this method
may be a useful alternative technique for nerve block for the
more rostrally located cheek teeth. The location of the mental
foramen was consistently found in the distal third of the
interdental space (approximately 60–80% of the distance
between the distal aspect of the lateral corner incisor and the
mesial aspect of the second premolar).

Introduction

Equine dentistry has evolved greatly over the course of the
last century and is an important part of equine veterinary
practice. Dental procedures in standing horses receiving i.v.
analgesia and sedation have become standard practice in
large part because of the documented risks associated with
general anaesthesia (Johnston et al. 2002; Senior et al. 2007).
Standing procedures have other benefits to the horse
including decreased bleeding, shortened recovery time, and
reduced length of hospital stay (Rawlinson 2012). Additional

analgesia in the form of dental nerve blocks and local
gingival infiltration facilitates case compliance during invasive
procedures and reduces the amount of i.v. sedation needed
(Tremaine 2007).

The mandibular branch of the trigeminal nerve provides
sensory innervation to dental structures associated with the
mandible. The nerve enters the mandibular canal through the
mandibular foramen, giving rise to the inferior alveolar nerve.
The mandibular foramen is positioned on the axial aspect of
the mandible, approximately 1 cm caudal to the rostral edge
of the vertical ramus and 12–14 cm from the ventral border
of the mandibular body (Tremaine 2007). The inferior alveolar
nerve courses through the mandibular canal providing
sensory innervation to the mandibular cheek teeth and exits
the canal as the mental nerve through the mental foramen
before coursing rostrally toward the incisive region. The mental
foramen is located on the lateral aspect of the mandible in the
interdental space at the level of the commissure of the lips,
halfway between the most dorsal and ventral aspects of the
mandible (Rawlinson 2012).

For invasive mandibular dental procedures, the inferior
alveolar nerve block can be used to desensitise the
ipsilateral mandibular teeth and supporting structures
(Lowder 2012). The nerve can be desensitised as it enters
the mandibular foramen. An approximate location of the
mandibular foramen is described as the point created by
an intersecting horizontal line extending from the occlusal
surface of the mandibular molars and a vertical line from
the lateral canthus of the eye. Rawlinson (2012) advocates
clipping the hair and surgical preparation of the injection
site and using aseptic technique for the injection. Tremaine
(2007) describes a method in which a spinal needle is
inserted percutaneously on the ventromedial aspect of the
mandible at the level of the rostral insertion of the masseter
muscle. The needle is then advanced dorsally aiming
towards the medial canthus of the ipsilateral eye,
maintaining close proximity to the axial mandibular
periosteum, to a depth of approximately 75–100 mm
reaching the level of the mandibular foramen. An average
of 10 mL of local anaesthetic may be used (Tremaine 2007;
Henry et al. 2013). For a second method described by
Doherty and Schumacher (2011), a needle is inserted
percutaneously at the angle formed by the intersection of
the horizontal and vertical rami of the mandible. The needle
is then advanced along the axial aspect of the mandible in
a rostral-dorsal direction to the same point described above.
In a previous study, Doherty’s angled approach and
Tremaine’s vertical approach were not statistically
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significantly different with success rates of 73% and 59%,
respectively (Harding et al. 2012).

These procedures are not without potential complications.
Important structures may be damaged accidentally by the
advancing needle (Henry et al. 2013). Other complications
include intravascular injection of local anaesthetic,
inaccurate needle placement, prolonged desensitisation of
the lingual nerve and subsequent self-trauma to the tongue,
haematoma formation, neuropraxia, cellulitis and temporary
lip paralysis (Tremaine 2007; Caldwell and Easley 2012).

As an alternative to percutaneous injection, an intraoral
needle placement technique has been reported to be an
accurate and effective way of desensitising the inferior
alveolar nerve at the mandibular foramen using minimal
volumes of local anaesthetic agents (Henry et al. 2013).
Equipment needed for this intraoral approach include
attachment of a 3.75 cm, 20 gauge needle and extension
set to a long metal rod, which is carefully passed orally to
the level of the last molar. The needle tip is inserted through
the caudal buccal fold and advanced to the level of the
mandibular foramen for the injection of approximately 5 mL
of local anaesthetic. One horse in the study was reported to
develop an abscess in the pterygoid fossa; to avoid this
complication, the author recommends swabbing the mucosa
with povidone–iodine prior to injection as well as aseptic
preparation of the delivery device and syringe loading (Henry
et al. 2013). No other complications from intraoral injection
were noted in this study.

Use of the mental foramen nerve block in horses has
been documented for rostrally located invasive procedures
involving the mandibular incisive region (Rawlinson 2012). The
location of the mental foramen is determined by digital
palpation. After clipping the hair and skin preparation, the
procedure involves inserting a small gauge needle
percutaneously, advancing along the lateral aspect of the
mandible and into the mental foramen to inject local
anaesthetic. This procedure should desensitise dental
structures rostral to the foramen with minimal complications
encountered (Rawlinson 2012). Intraoral approaches are
commonly used in other species for mental nerve blocks to
allow straight access to the foramen without passing the
needle through the skin. For example, the middle mental
nerve block used in dogs is performed by retracting the
mandibular labial frenulum ventrally and passing a needle
into the rostral aspect of the mucosa of the frenulum close to
the bone and into the foramen (Beckman and Legendre
2002).

In this study, we propose an adaptation to horses of the
technique described for small animals for nerve block at the
mental foramen. This technique allows for direct access to
the mental foramen through the oral mucosa and allows for
simpler insertion of the needle into the foramen. In addition,
the traditional percutaneous technique for the nerve block is
typically not well tolerated by some patients, presumably due
to skin sensitivity in the injection site area. In the authors’
experience, needle placement and injection of local
anaesthetic into the oral mucosa is very well tolerated by the
majority of patients receiving adequate sedation. For these
reasons, an intraoral technique to mental nerve block was
investigated. The primary objectives of this study were to
investigate a technique for intraoral needle placement into
the mental foramen and to investigate the occurrence of
retrograde flow of contrast medium injection through the

mandibular canal after injection. A secondary objective was
to develop a physical ratio for estimating the position of the
mental foramen within the interdental space relative to the
lateral incisor and second premolar tooth. We hypothesised
that although there could be slight anatomic variability in the
position of the mental foramen between subjects, accurate
needle placement would be achievable and contrast
medium can be successfully injected into the mental
foramen without great difficulty. Furthermore, we
hypothesised that increasing the amount of contrast medium
injected would increase retrograde flow within the
mandibular canal and this distance would be increased by
digital occlusion of the foramen during injection.

Materials and methods

Gross dissection of the mental foramen
The regional anatomy of the mental foramen was
investigated by dissection of fresh and embalmed specimens.
After dissection through the skin and fascia on the lateral side
of the jaw, the depressor labii inferioris muscle and tendon
could be displaced to visualise the large mental nerve
occupying almost the entire diameter of the mental foramen.
It was noted that the vasculature accompanying the nerve
from the foramen appeared miniscule and was difficult to
delineate. As the nerve exited the foramen, it consistently
divided into two branches, which continued coursing through
the tissues toward the lip and chin (Fig 1).

Computed tomography
Cadaver specimens
Fifteen cadaver heads of variable ages and breeds were
collected during necropsy. All specimens were subjected to
euthanasia for reasons unrelated to this study or dental
disease. The specimens were maintained frozen and
individual thawing of each cadaver head was performed
24 h prior to each study. Each head was placed on a flat
surface with the oral cavity closed to simulate normal head
position for conventional mental nerve block. Both mental
foramina were digitally palpated transcutaneously and

Fig 1: Dissected cadaver specimen with the skin and muscle
reflected off the bone on the lateral aspect of the mandible
showing the mental foramen (black arrow) with the mental nerve
(white arrow) coursing out of the foramen and continuing in a
rostral direction and branching toward the soft tissues of the
cheek.
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intraorally. Once identified by digital palpation, a 22 gauge,
90 mm long Tuohy1 needle was introduced through the oral
mucosa on the lateral side of the interdental space, at a
distance approximately 1 cm rostral to the mental foramen
(Fig 2). The needle tip was then advanced along the bone of
the lateral aspect of the mandible and inserted through the
mental foramen approximately 1 cm. Needles were
identically placed into both mental foramina of each
cadaver specimen.

Precontrast contiguous transverse computed tomography
(CT) images of each cadaver were obtained in this position
using a Siemens Definition 40 slice AS CT scanner2 with a
technique of 120 kV and either 228 or 216 mA, making 3-mm
slices, and an edge-enhancing (bone) reconstruction
algorithm. These images served to ensure accurate needle
placement into both foramina.

Once the precontrast images had been obtained, with
proper placement of the needles identified, contrast medium
(300 mg I/mL Iohexol [Omnipaque])3 was injected into the
left and right mental foramina. The cadaver heads were
randomly assigned to one of 3 groups as per volume of
contrast to be injected (Group 1: 3 mL, Group 2: 6 mL; Group
3: 10 mL) with a total of 10 foraminae per group. For each
cadaver, one foramen was randomly assigned to be
occluded by transcutaneous digital pressure during injection
and the other side was injected without digital pressure
occlusion; for a total of five occluded injections and five
nonoccluded injections per group. The duration of injection
was 30–60 s dependent on the injection pressure needed for
each specimen. Contrast-enhanced CT images using the
above-described technique were obtained at 10 min post-
injection in order to evaluate the injection accuracy and the
presence and magnitude of retrograde flow of contrast
medium.

Digital Imaging and Communications in Medicine images
were downloaded from each study into a Syngo4 workstation
for processing. All image sequences were then evaluated on
eFilm (Soundelkin 3.3)4 in multiplanar views to improve
accuracy of measurements. Measurements were taken from
the precontrast images using transverse and dorsal plane

views: Distance A, length of the interdental space – the
distance between the distal edge of the lateral incisor and
mesial edge of the ipsilateral second premolar; and Distance
B, the distance measured from distal edge of each lateral
incisor to the ipsilateral mental foramen. Based on the
measurements, a ratio (Distance B: Distance A) was
determined to estimate the location of the mental foramen
within the interdental space. The length of the mandibular
canal was estimated based on the linear distance measured
between the mental foramen and the mandibular foramen
seen on the transverse and dorsal plane views.

Contrast-enhanced images were used to measure the
distance of retrograde flow achieved with each injection in
the mandibular canal. The contrast medium was identified
inside the mandibular canal and followed caudally until it
was no longer visible. This process was performed in three
planes (dorsal, sagittal and transverse) to improve accuracy.

Live horse simulation
Two mature horses were used to simulate bilateral intraoral
mental nerve block using contrast medium (300 mg I/mL
Iohexol)3 with a technique similar to that used on the
cadaver heads. Selection criteria for these horses included
the following: (i) apparently healthy based on physical
examination deemed suitable for general anaesthesia; (ii) no
known history of mandibular dental disease; and (iii) age 5–
9 years based on lack of deciduous teeth and estimated by
dentition.

Each horse was sedated with xylazine (Xylamed)5 (1 mg/kg
bwt i.v.). General anaesthesia was achieved using injectable
anaesthetics as follows: ketamine (Zetamine)6 (2 mg/kg bwt
i.v.) and midazolam7 (0.03 mg/kg bwt i.v.) for induction, and
guaifenesin8, ketamine6 and xylazine5 constant rate infusion
as needed for maintenance and the horses were placed in
dorsal recumbency to facilitate CT imaging. Transcutaneous
digital palpation of the injection site was used to identify the
mental foramen, and an area of the oral mucosa,
approximately 1 cm rostral to the foramen opening was used
as the area of interest. Prior to injection this area was
swabbed with dilute povidone–iodine solution on cotton
gauze for a total contact time of 5 min. A 22 gauge, 90 mm
Tuohy1 needle was aseptically inserted through the oral
mucosa at the previously described area. Continued
transcutaneous palpation of the mental foramen during
insertion of the needle helped guide the tip of the Tuohy
needle into the mental foramen. The needle was advanced
1 cm into the mandibular canal. Duplication of this technique
was performed on the contralateral side using aseptic
technique. Precontrast CT images were obtained as
previously described in order to verify needle placement.
Aseptically drawn iohexol (Omnipaque)3 (300 mgI/mL, 10 mL)
was used for each injection. Post-contrast CT images were
obtained. Horses were monitored for adverse effects
secondary to injection with thorough physical examinations
on Days 1, 2, 3, 7, 14 and 21.

Statistical analysis
Data obtained from the cadaver study were analysed using
both descriptive and inferential methods. For descriptive
purposes, proportions (with 95% confidence intervals
calculated using exact methods) were used to summarise
the proportion of successful injections and medians and
ranges to characterise the measured distances. The

Fig 2: Needle placement through the oral mucosa into the
mental foramen in a cadaver specimen.
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difference in distance of retrograde flow between the paired
observations (occluded vs. nonoccluded) for a given
injection volume was compared using the Wilcoxon sign-rank
test. Comparison of the three volumes for a given occlusion
method (occluded or not occluded) was performed using a
Kruskal–Wallis test. A significance level of P<0.05 was used for
analysis. Nonparametric statistical methods were used
because of small sample size and normality of the data was
not assumed.

Results

Computed tomography
Cadaver specimens
Age. Fifteen equine cadaver head specimens were used for
a total of 30 injections, divided into three groups dependent
on injection volume (3 mL, 5 mL or 10 mL) and each cadaver
having one occluded and one nonoccluded injection. Ages
were estimated by dentition and were categorised as
<5 years, 5–9 years, 10–15 years or >15 years, with 2, 3, 4 and
6 horses in each category, respectively.

Location of the mental foramen. The location of the mental
foramen was objectively located using measurements from
the lateral incisor to the mental foramen, from the mental

C B

A

Fig 3: Measurements taken via computed tomography images
to determine the location of the mental foramen within the
interdental space depicted on a skull. Distance A (red line) is the
length of the entire interdental space. Distance B (green bracket)
is the distance from the distal aspect of the lateral incisor to the
mental foramen. Distance C (white bracket) is the measurement
from the mental foramen to the mesial aspect of the second
premolar. Refer to Table 1 for measurement results.

a)

b)

Rostral

Buccal Lingual

c)

Fig 4: a) Transverse computed tomography (CT) image of a
cadaver specimen showing needle placement within the
mandibular canal in the interdental space (blue arrows). b)
Transverse CT image of a cadaver specimen which shows
contrast medium within the mandibular canal at the level of
mandibular molar 1 (white arrows). There is also contrast medium
within the buccal soft tissues (red arrow). c) Frontal plane
contrast-enhanced CT image of the left hemimandible in a
cadaver specimen at the level of the mandibular canal in which
contrast medium can be seen occupying the mandibular canal
(white arrows) and exiting at the mandibular foramen (red dot).
There is also evidence of contrast medium within the buccal soft
tissues (red arrow).
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foramen to the second premolar and the length of the
interdental space (Fig 3). The mental foramen was found to
exist in the caudal one-third of the interdental space. The
median distance of the foramen distal to the lateral incisor
was 7.9 cm (5.4–9.5 cm), and the median interdental space
length (from the lateral incisor to the mesial edge of premolar
2) was 11.2 cm in length. One specimen was found to have
lost both mandibular second premolars and was therefore
excluded from these calculations.

Needle placement and occurrence of retrograde
flow. Needle placement within the mandibular canal was
verified by the use of CT in 100% of attempts (Fig 4a). As the
study progressed and the author gained more experience,
needle placement became easier. Contrast medium was
successfully injected into the mandibular canal in all
cadavers for the three groups (Fig 4b,c). Overall, there was
generally a greater distance of retrograde flow when using
higher volumes (10 mL and 6 mL), as compared to the lower
volume (3 mL; Fig 5). Of the 30 observations, there were five
instances (17%) that traversed the entire length of the
mandibular canal, all from the 6 mL and 10 mL groups. In the
10 mL group, nine injections achieved retrograde flow of
contrast medium to the root furcation of premolar 4, with four
of these continuing caudally through the entire length of the
canal. Occlusion of the mental foramen did not appear to
influence the results in any of the cadaver studies (P = 0.978).
Contrast medium was commonly seen pooling around the
mental foramen regardless of volume or digital occlusion.

Live horse simulation
Age. Two adult female Quarter Horses, 6 years and 9 years
respectively were used for injection in live horses. A dental
examination was performed by the author with ageing
determined by dental wear. Both mares were healthy for
general anaesthesia based on thorough physical
examination.

Location of the mental foramen. The location of the mental
foramen was objectively measured using the same criteria as
previously described in the cadavers and was very similar to
that found in the cadaver specimens (Table 1). The
interdental spaces averaged 9.9 cm in length. The median
location for the mental foramen was found to be 6.75 cm
distal to the lateral mandibular incisor using CT
measurements. This correlates to approximately 2/3 of the
distance from the lateral mandibular incisor to the second
premolar.
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Fig 5: Chart of results of retrograde flow of contrast medium from the mental foramen through the mandibular canal. Each cadaver
group contains results from 10 injections (combining occluded and nonoccluded data). The live horse group contains four injections.
The median locations of the mental foramen, Premolar 3, Molar 1 and the mandibular foramen are provided for reference.

TABLE 1: Summary of measurements taken to estimate the
location of the mental foramen in the interdental space

Specimen
Number

Distance
A: Length
of the
interdental
space
(cm)

Distance B:
Distance
from Lateral
incisor to
Mental
foramen
(cm)

Distance C:
Distance

from mental
foramen to
premolar 2
(cm)

Ratio
Distance

B:
Distance

A

1 9.8 7.7 2.1 0.79
4 11.4 9.5 1.9 0.83
5 11.8 8.9 2.9 0.76
2 12.6 9.1 3.5 0.73
3 9.5 5.4 4.1 0.57
6 8.9 7.1 1.8 0.80
7 9.2 6.6 2.6 0.72
8 10.5 7.9 2.6 0.75
9 N/A N/A N/A N/A
10 11.7 9.4 2.3 0.80
11 13.3 8.1 5.1 0.61
12 11.2 6.8 4.4 0.61
13 11.4 6.9 4.5 0.61
14 9.9 6.3 3.6 0.64
15 12.6 8.5 4.1 0.68
Live Horse
1

9.6 6.3 3.3 0.66

Live Horse
2

10.2 7.2 3.0 0.71
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Needle placement, occurrence of retrograde flow of
contrast medium. Needle placement was verified in the
mandibular canal of both mares via precontrast CT images
(Fig 6a). Retrograde flow was achieved in all injections.
Relative to the length of the mandibular canal, the distance

of caudal flow on the occluded mandible in Horse 1 was 42%
and for Horse 2 was 60% of the mandibular canal length.
Distance of retrograde flow on the contralateral side was 27%
and 43% of the canal length, respectively. Contrast medium
was found to pool around the mental foramen regardless of
occlusion. In Horse 2, contrast material was seen within the
buccal soft tissues extending in an irregular linear pattern in a
caudo- and rostrodorsal direction in the post-contrast images
(Fig 6b). This contrast medium did not appear to originate
from leakage around the mental foramen, but instead
appeared adjacent to the mandible approximately at the
level of the second premolar.

Acute, nonpainful focal swelling at the nonoccluded
injection site was noted in both mares immediately afterward
and was presumed to be secondary to contrast leakage into
the neighbouring subcutaneous tissues. This swelling resolved
within 24 h of injection with no medical intervention. No other
adverse effects were noted when the horses were re-
examined over Days 1, 2, 3, 7, 14 and 21 days post-injection.

Discussion

The current study demonstrates a successful method of
intraoral needle placement through the oral mucosa of the lip
into the mental foramen of cadavers and live horses. After
injection, retrograde flow of contrast medium into the
mandibular canal was identifiable in all cases. In cadaver
specimens, some of the injections achieved flow through the
entire length of the mandibular canal, however, this was not
observed in the two live horses. The distance of flow of contrast
medium varied regardless of the injection volume, but overall
this distance increased with increasing injection volume. As a
result, injection volume of 10 mL was elected for the live horse
injection simulation. Digital occlusion was expected to aid in
retrograde flow in the mandibular canal although no statistical
difference was noted between occlusion and nonocclusion in
the cadaver specimens. This was however, a small sample size
and it is difficult to conclude a relationship between occlusion
and retrograde flow. Nevertheless, it was the authors’ clinical
impression that digital occlusion of the mental foramen during
injection appeared to result in less soft tissue swelling in the live
horse simulation.

The irregular pattern of contrast material seen within the
buccal soft tissues in one of the live horse CT images was
unexpected and is presumably due to absorption of contrast
from the mandibular canal by blood vessels or lymphatics
coursing through the cheek. Some contrast medium was seen
in the buccal soft tissues in a number of cadaver specimens;
however, this could be explained by leakage of contrast
medium around the mental foramen and retropulsion through
fascial planes in the cheek. The pattern of contrast medium
seen in the live horse was not able to be traced back to the
mental foramen. This observation provides insight into dynamics
occurring during retrograde injection into themandibular canal
in this horse, and may partially explain failure of contrast to
traverse the entire length of themandibular canal in in this case.

It is important to note that when this technique was
performed, significant pressure on the syringe was necessary
to successfully inject contrast medium in all attempts in the
cadaver specimens and live horses. This is most likely to be
because the mandibular canal is a small-diameter tubular
structure, and has little potential space for retrograde flow of
fluid. The high viscosity of the contrast medium may also

a)

b)

Fig 6: a) Transverse computed tomography image of a live horse
at a level in the interdental space just caudal to the mental
foramen showing needle placement within the mandibular canal
(blue arrows). b) Transverse, contrast-enhanced computed
tomography image of a live horse at the level of the interdental
space mesial to the mandibular second premolar depicting
contrast medium evident in the mandibular canal (red arrow).
There is also contrast medium evident in the buccal soft tissues
(white bracket).
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have contributed to the increased injection pressure. It is also
likely that needle size and bevel position influence the
resistance to flow observed in this study.

The results of the current study suggest that this intraoral
approach is useful as an alternative method for performing a
mental nerve block for procedures involving the incisive region.
In addition, caudal flow of contrast into the mandibular canal
after injection suggests that this method might be useful to
desensitise structures caudal to the mental foramen with local
anaesthetic. The study results indicated that 79% of the
mandibular canals injected with 10 mL of contrast medium
had retrograde flow to the position of the root furcation of PM4
in live horses and cadavers, suggesting this method may be a
useful alternative technique for nerve block involving invasive
procedures of the more rostrally located cheek teeth (e.g.
PM2, PM3 or PM4).

Conclusions

The authors have estimated the position of the mental foramen
to be in the caudal one-third of the interdental space in the
horse. An intraoral method of needle placement for mental
nerve block was investigated using a 90 mm 9 22 gauge
Tuohy needle and contrast medium. The results of the study
indicate that retrograde flow of contrast is achievable, and in
the majority of cases will reach the level of the rostrally located
premolars. Although the method described in this study shows
promise as an alternative nerve block technique in the horse,
further investigation and experience is necessary to determine
validity, safety and complication rate.
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Critically Appraised Topic

Should I place a subpalpebral lavage system in the upper or lower
eyelid?
H. B. Carslake

The Philip Leverhulme Equine Hospital, University of Liverpool, Leahurst, Neston, UK
Corresponding author email: hbc@liverpool.ac.uk

Summary

Subpalpebral lavage systems (SPLs) are placed in horses to
facilitate topical medication of the eye. Two alternative sites
are commonly used: the medial lower eyelid and the central/
lateral upper eyelid.

PICO question

In horses with ocular disease, is there a difference in
complication rate or drug distribution between subpalpebral
lavage systems placed in the upper eyelid compared with
those placed in the lower eyelid?

Search method

(horse* OR equine*) AND (subpalpebral OR ocular OR
ophthalm*) AND (lavage OR delivery) AND (complication*
OR adverse OR distribution OR penetration). Performed on 20
April 2017 (Table 1).

Inclusion criteria: Original studies with findings directly
related to the PICO question.

Exclusion criteria: Secondary sources of information
(expert opinion). Papers not related to the PICO question.

Two research abstracts referenced in a recent book
chapter (Dwyer 2016) were also included.

Summary of the evidence

Two papers (Sweeney and Russell 1997; Giuliano et al. 2000)
and two research abstracts (Hays et al. 2013; Cornelissen
et al. 2015) were evaluated (Tables 2–5).

Giuliano et al. (2000) included only lower lid SPLs, and
had a lower rate and severity of complications than Sweeney
and Russell (1997), which included only upper lid SPLs. The
studies used different populations of horses, hospitals,
categorisation of complications and types of catheter, so it is
difficult to draw firm conclusions relating to the PICO
question.

More recent retrospective studies (Hays et al. 2013;
Cornelissen et al. 2015) have compared complications rates
using more matched groups and the commercial SPL

catheters generally used today. These studies have only been
published as research abstracts, however, and so currently
offer minimal detail and poor quality evidence. The definition
and severity of complications was not included in either
abstract. No published studies were found comparing drug
distribution or clearance in upper- and lower-lid SPLs in horses.

Conclusions

Both sites of SPL placement are associated with an
acceptable rate and severity of complications. Evidence to
guide placement site is limited and conflicting. Full
publication of recent research and a prospective,
randomised trial comparing complication rates in upper and
lower SPLs are required.

Author’s declaration of interests

No conflicts of interest have been declared.

TABLE 1: Search results

Database
searched

Initial search
results Included search results

PubMed 17 2
CAB Direct 14 2 (repeated from

PubMed)

TABLE 2: Sweeney and Russell (1997)

Population Referral cases from 1977 to 1996,
mixed breeds and ages. Reason for
SPL: ulcerative keratitis, including
trauma and stromal abscesses (99%)
and chronic uveitis (1%)

Sample size 156 SPLs in 150 horses
SPL location and type Upper lid, single-hole, noncommercial

SPL made by dilating the heated
end of polythene tubing to fashion a
footplate

Study design Retrospective case series
Outcome studied Complications and other clinical

details
Main findings (relevant
to PICO question)

Mean duration of SPL 18 days. 42%
had no complications. Minor
complications (including swelling of
the eyelid, tearing of the SPL tubing
and loss of injection cap) occurred in
34%. Serious complications (infection
of the eyelid, corneal ulcer and
those requiring replacement of the
catheter) occurred in 24%

Limitations Only upper lid SPLs included.
Noncommercial SPL used.
Retrospective over long period
(19 years)

SLP, Subpalpebral lavage system.
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Ethical animal research

Not applicable.

Source of funding

None.
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TABLE 4: Cornelissen et al. (2015)

Population Referral cases from 2000 to 2013,
mixed ages

Sample size 135 horses
SPL location and type Upper or lower eyelid. Single-hole,

commercial (MILA) SPL
Study design Retrospective case series
Outcome studied Complications and other clinical

details
Main findings (relevant
to PICO question)

Median duration of SPL 8 days.
Complication rate associated with
SPL position (upper eyelid 13%, lower
lid 22%), antimicrobial administration
(with 13%, without 25%) and plasma
administration (with 30%, without
13%)

Limitations Research abstract only. Numbers of
SPLs in upper and lower eyelids, and
types of complication not included.
Retrospective over long period
(13 years)

SLP, Subpalpebral lavage system.

TABLE 5: Hays et al. (2013)

Population Referral cases from 2011 to 2012
Sample size 112 eyes
SPL location and type Upper (46%) and lower (54%) lids. Type

of SPL not specified
Study design Retrospective case series
Outcome studied Complications, other clinical details

and owner and veterinary surgeon
experiences

Main findings (relevant
to PICO question)

There was no difference in
complication rates between upper
and lower SPL locations.
Veterinarians described SPL
placement in lower lid as technically
less difficult. Owners reported less
uncertainty about using and
monitoring lower lid SPLs

Limitations Research abstract only. Details of
complications not included

SLP, Subpalpebral lavage system.

TABLE 3: Giuliano et al. (2000)

Population Referral cases from 1997 to 2000,
mixed breeds and ages. Reason for
SPL: ulcerative keratitis (55%), stromal
abscesses or post-traumatic
keratouveitis (23%) and
endophthalmitis (2%)

Sample size 92 lower eyelid SPLs in 86 horses
SPL location and type Lower lid, single-hole, noncommercial

SPL made by gluing a 1 cm2 silicon
footplate to silicon tubing.

Study design Retrospective case series
Outcome studied Complications and other clinical

details
Main findings (relevant
to PICO question)

Median duration of SPL was 19 days.
22% had protective eye cup fitted.
59% had no complications.
Nonocular complications (including
displacement of footplate, failure of
sutures to face, tube leakage)
occurred in 38%. Ocular
complications (eyelid swelling)
occurred in 3%

Limitations Only lower lid SPLs included.
Noncommercial SPL device used.
Retrospective

SLP, Subpalpebral lavage system.
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