
American Edition  |  August 2018

in this issue:

The official journal of the  
American Association of  
Equine Practitioners, produced  
in partnership with BEVA.

veterinary
equine

education

It’s hard for me to say I’m sorry: Medical errors and adverse events

Magnetic resonance imaging-guided injection of platelet-rich plasma for treatment of an 
insertional core lesion of the deep digital flexor tendon within the foot of a horse 

Avulsion of the proximal digital annular ligament in five hindlimbs 



We know what it takes to provide the balanced nutrients your horses rely on 
to look and feel their best. It comes down to what’s inside the feed. That’s why 
our SafeChoice® products are leading the controlled-starch market. It’s also 
why we’re always working to stay ahead of the curve on equine nutrition and 
topline health. Because the two go hoof in hoof.

VISIT TOPLINEBALANCE.COM TO TAKE OUR TOPLINE ASSESSMENT.

WWWWWWWWWWWW
ttttttt

wwwwwwwwww
ttttttttt

V

© 2018 Cargill, Incorporated. All rights reserved.

NEW BAG.  
SAME GREAT FORMULA.

Nutrition you can count  
on for healthy, happy horses.



c o n t e n t s
                          In this issue

It’s hard for me to say I’m sorry: Medical errors and adverse events ................ III

Florida racetrack practitioner selected as AAEP vice president ......................... IV

Foundation allocates more than $700,000 for equine welfare projects  ........VIII

Highlights of Recent Clinically Relevant Papers
S. WRIGHT  ..........................................................................................................................401

Case Reports
Intra-abdominal cystic lymphangiomatosis in a Thoroughbred foal 
V. L. SAVAGE, L. A. CUDMORE, C. M. RUSSELL, D. I. RAILTON, 
A. P. BEGG, N. M. COLLINS and A. R. ADKINS ...............................................................403 

Magnetic resonance imaging-guided injection of platelet-rich plasma for  
treatment of an insertional core lesion of the deep digital flexor tendon within  
the foot of a horse 
M. MARCATILI, J. MARSHALL and L. VOUTE ...............................................................409 

Uncommon castration complication: Penile amputation and sheath ablation  
following an iatrogenic phallectomy 
K. N. BEAVERS and C. MITCHELL ....................................................................................415 

Quadrilateral suspensory and straight sesamoidean ligament calcifying  
desmopathy in an Arabian mare 
S. K. Y. HUI, S. J. TURNER, T. R. LEAMAN, S. DE BROT and S. Z. BARAKZAI ...........419 

Avulsion of the proximal digital annular ligament in five hindlimbs 
E. J. O. O’BRIEN, J. M. McALPINE, M. C. SCHRAMME, P. D. CLEGG, 
R. M. ARCHER, C. DE GUIO and R. K. W. SMITH ..........................................................427  

Clinical Commentaries
Dystrophic mineralisation in degenerative suspensory ligament desmitis 
J. HALPER and P. O. E. MUELLER .....................................................................................424 

The palmar/plantar aspect of the proximal phalanx – a site of a variety of  
bone and soft tissue pathologies 
J. D. C. ANDERSON .............................................................................................................433  

Original Articles
Surgical excision of large melanocytic tumours in grey horses: 38 cases (2001–2013) 
L. M. GROOM and K. E. SULLINS .....................................................................................438 

Initial experience with high dose rate brachytherapy of periorbital sarcoids  
in the horse 
A. R. HOLLIS and D. BERLATO .........................................................................................444 
   
Review Article
Diagnosis and management of proximal sesamoid bone fractures in the horse 
L. V. SCHNABEL and W. R. REDDING ..............................................................................450   

Marketplace ..................................................................................................................456A-D

 .............................................................................................................423

 .....................................................................................443

Cover photo by Dr. Steven Berkowitz.

veterinary
equine

education

AAEP NEWS

American Edition  



Equine Veterinary Education is a refereed educational journal designed to keep the practicing veterinarian up to 
date with developments in equine medicine and surgery. Submitted case reports are accompanied by invited reviews 
of the subject (satellite articles) and clinical quizzes. Tutorial articles, both invited and submitted, provide in-depth  
coverage of issues in equine practice.

Equine Veterinary Education (American Edition ISSN 1525-8769) is published monthly by the American 
Association of Equine Practitioners, an international membership organization of equine veterinarians. Office of 
publication is 4033 Iron Works Parkway, Lexington, KY 40511. Periodicals Postage paid at Lexington, KY and 
additional mailing office. POSTMASTER: Send address changes to: Equine Veterinary Education, 4033 Iron Works 
Parkway, Lexington, KY 40511.

Communications regarding editorial matters should be addressed to: The Editor, Equine Veterinary Education, 
Mulberry House, 31 Market Street, Fordham, Ely, Cambridgeshire CB7 5LQ, UK. Telephone: 44 (0) 1638 720250, 
Fax: 44 (0) 1638 721868, Email: sue@evj.co.uk.

All manuscript submissions for the journal should be submitted online at http://mc.manuscriptcentral.com/eve. Full 
instructions and support are available on the site and a user ID and password can be obtained on the first visit. If you 
require assistance, click the Get Help Now link that appears at the top right of every ScholarOne Manuscripts page.

All subscription inquiries should be addressed to: Subscriptions Department, AAEP, 4033 Iron Works Parkway, 
Lexington, KY 40511, Telephone: (859) 233-0147, Email: jcooney@aaep.org. Subscription rates: AAEP annual 
membership dues include $40 for a subscription to Equine Veterinary Education. Other subscriptions at $151.80. 
Single copies $37.50.

Canadian Subscriptions: Canada Post Corporation Number 40965005. Send change address information and 
blocks of undeliverable copies to IBC, 7485 Bath Road, Mississauga, ON L4T 4C1, Canada. 

© World copyright by Equine Veterinary Journal Ltd 2018.

The authors, editors and publishers do not accept responsibility for any loss or damage arising from actions or  
decisions based or relying on information contained in this publication. Responsibility for the treatment of horses 
under medical or surgical care and interpretation of published material lies with the veterinarian. This is an aca-
demic publication and should not be used or interpreted as a source of practical advice or instruction.

The American Association of Equine Practitioners cannot accept responsibility for the quality of products or ser-
vices advertised in this journal or any claim made in relation thereto. Every reasonable precaution is taken before 
advertisements are accepted, but such acceptance does not imply any form of recommendation or approval. 

All companies wishing to advertise in Equine Veterinary Education, American edition, must be current AAEP exhibitors. 
AAEP retains the right, in its sole discretion, to determine the circumstances under which an exhibitor may advertise in this 
journal. While all advertisers must comply with applicable legal guidelines, Compounding Pharmacies are specifically 
directed to limit themselves to pharmacy practices as dictated by the FDA Center for Veterinarian Medicine, Compliance 
Policy Guideline (www.fda.gov/ora/compliance_ref/cpg/cpgvet/cpg608-400.html). Advertising any complete or partial 
mimicry of drugs and dosage forms of FDA approved formulations will not be accepted. Compounding Pharmacies, or any 
other exhibitors/advertisers who violate this rule in any fashion, will render their advertising contract null and void.

As a private organization, the AAEP reserves the right to exclude any company from advertising in Equine 
Veterinary Education, American edition, for any reason. The signing and delivery of the advertising contract shall 
constitute an offer subject to acceptance by the AAEP. In its sole and absolute discretion, the AAEP may revoke its 
acceptance of the advertising contract or may terminate any contract by delivery of written notice, in which event 
the AAEP shall have no liability to the advertiser for damages for any other remedy.

Printed by: Cenveo Publisher Services, Lancaster Division, Lancaster, PA.

E q u i n e  v e t e r i n a r y  e d u c a t i o n
A m e r i c a n  E d i t i o n

Editor (UK) 
T. S. Mair, BVSc, PhD, DEIM, DESTS, 
DipECEIM, MRCVS

Editors (USA) 
N. A. White II, DVM 
W. D. Wilson, MRCVS

Deputy Editors 
Y. Elce  
P.R. Morresey 
P.A. Wilkins

Management Group 
D. Foley    
T. S. Mair 
N. A. White 
W. D. Wilson    
J. L. N. Wood

Management Board 
A. R. S. Barr P. Smith 
D. Foley N. A. White (US Editor) 
D. Mountford S. White 
T. S. Mair (Editor) W. D. Wilson (US Editor) 
S. E. Palmer J. L. N. Wood (Chairman)   

American Association of  

4033 Iron Works Parkway  
Lexington, KY 40511

FAX (859) 233-1968
EMAIL aaepoffice@aaep.org
aaep.org

To access our website, go to aaep.org, select 
LOGIN, then enter your email and password. If you 
have difficulty logging in or have forgotten your 
password, please call or email the office. 

Margo Macpherson, DVM, President

Jeffrey T. Berk, VMD, President-Elect

David Frisbie, DVM, Vice President

Lisa Metcalf, DVM, Treasurer

R. Reynolds Cowles, DVM, Immediate Past President

AAEP Staff

David Foley, CAE, Executive Director 
dfoley@aaep.org

Lori Rawls, Director of Finance & Operations 
lrawls@aaep.org

Sally J. Baker, APR, Director of Marketing  
& Public Relations

Keith Kleine, Director of Industry Relations 
kkleine@aaep.org

Nick Altwies, Director of Membership 
naltwies@aaep.org

Kevin Hinchman, Director of Information Technology 
khinchman@aaep.org

Michelle Behm, Communications Coordinator 
mbehm@aaep.org

Sadie Boschert, Student Programs Coordinator 
sboschert@aaep.org

John Cooney, Publications Coordinator 
jcooney@aaep.org

Megan Gray, Member Concierge 
mgray@aaep.org

Dana Kirkland, Sponsorship & Advertising  
Coordinator

Bailey McCallum, EDCC Communication Manager 
bmccallum@aaep.org

Deborah Miles, CMP, Trade Show Coordinator 
dmiles@aaep.org

Jayson Page, Office Manager 
jpage@aaep.org

Paul Ransdell, Senior Development Officer 
pransdell@aaep.org

Carey Ross, Scientific Publications Coordinator 
cross@aaep.org

Pam Shook, Foundation Programs Coordinator 
pshook@aaep.org

Sue Stivers, Executive Assistant 
sstivers@aaep.org

Amity Wahl, Communications &  
Technology Coordinator 
awahl@aaep.org

Kristin Walker, Member Service & Registration Agent 
kwalker@aaep.org

Elaine Young, Convention & Meetings Coordinator 
eyoung@aaep.org

Published monthly. Deadlines are the  
seventh of the preceding month.
Address advertising inquiries to Dana Kirkland  
(859) 233-0147 / dkirkland@aaep.org

AAEP Mission Statement: To improve the health and 
welfare of the horse, to further the professional  
development of its members, and to provide resources 
and leadership for the benefit of the equine industry.

Assistant Editors 
F. Andrews  
D. Archer  
F.T. Bain  
A.R.S. Barr  
A. Blikslager  
M. Bowen 
N. Cohen
V. Coudry
A. Dart 
J.-M. Denoix 
T. Divers 
P. Dixon 
W. Duckett  
B. Dunkel 
S. Dyson 
T. Fischer 
D. Freeman
T. Greet 
R. Hanson 
P. Harris 
M. Hillyer 
M. Holmes 
N. Hudson 
P. Johnson 
P.T. Khambatta
J.-P. Lavoie 

S. Love 
M.L. Macpherson
M.J. Martinelli
I.G. Mayhew 
M. Mazan
C.W. McIlwraith 
B. McKenzie
R. Moore 
M. Oosterlinck
A. Parks 
S. Puchalski 
C. Riggs 
H. Schott 
J. Schumacher 
S. Semevelos 
J. Slater
B. Sponseller 
C. Sweeney 
H. Tremaine 
K. Wareham
S. Weese 
R. Weller
C. Yao

Ex-officio 
J. Cooney



AAEP News August 2018   I I I

Adverse events and medical errors 
are a reality; they happen in 
everyday practice in both human 
and veterinary medicine. As one 
old practitioner told me, “If you 
haven’t made an error, you either 
haven’t practiced long enough or 
you’re not working hard enough.”
 
Defining adverse event and 

medical error

First, let’s define the difference 
between an adverse event and a medical error. An adverse 
event is the term often used in veterinary and human 
medicine to indicate a situation where unanticipated harm 
resulted from the medical treatment rather than from the 
disease or condition itself. Examples could include post-
anesthetic myopathy, antibiotic-induced colitis, vaccine 
reactions, etc. Adverse events may or may not be related to 
a medical error; in fact, the majority of adverse events are 
not associated with a medical error. 

A medical error is a preventable adverse consequence as a 
result of care, whether or not it is evident or harmful to 
the patient. It is based on the idea that peers with similar 
training, practicing within the standard of care in our 
community, would have recognized the care decisions and 
actions to be in error at the time they were being made. 
This might include an inaccurate or incomplete diagnosis 
or treatment of a disease or injury. In either of these cases, 
lack of transparency can lead to distrust and anger.

Interestingly, as children most of us were taught to take 
responsibility for our actions and, when appropriate, to 
say we were sorry. However, as professionals, we may have 
been told to do just the opposite: “Don’t admit fault and 
don’t apologize as that is an admission of guilt.” Where does 
this disconnect come from? Our professional culture expects 
us to be infallible and that to make an error is a source of 
shame, despite the growing awareness that expecting 
error-free practice is unrealistic. We fear that our reputation 
will be damaged and that a malpractice claim or a licensing 
board complaint is inevitable if we even give the appearance 
that something might have been done wrong.

Responding to an adverse event

When an adverse event occurs, it is incumbent upon us as 
professionals to carefully scrutinize the event—first to 
mitigate any harm that may have come to our patients, 
then to determine if a medical error occurred. In either 
case, empathy toward our patient and client is critical. 
Research in human medicine has given us a picture of 

what patients and families want when they have experi-
enced an adverse medical outcome. In general, people want 
to know what happened, how it happened, what is next for 
their loved one, an apology and, in some cases, an offer to 
make reparation. It is important that we take a moment to 
develop a clear idea of what has occurred prior to either 
denying blame or, in many cases, accepting responsibility for 
something that may have been out of our control. 

The client may have some tough questions about how this 
could have happened. Emotions can be quite strong—
humility and empathy are critical as you explain what 
happened. Keep in mind that defending yourself or others 
can sound self-serving. These situations are often emotion-
ally charged. Remember, we are not in the business of 
taking people’s feelings away, and that people need time to 
process. If time isn’t taken to hear, validate and respect 
clients’ feelings, there is strong evidence that clients are 
more likely to tell someone else, which may include a 
lawyer or a regulatory body. 

Apologizing to a client

After an adverse event or medical error, an apology can 
have a powerful impact, making clients less angry and 
suspicious, and often leading to an open discussion. There 
are two types of apologies: an apology of sympathy and an 
apology of responsibility. An apology of sympathy is, “I’m 
sorry this happened.” This type of apology is most appropri-
ate following an adverse event in which a medical error did 
not occur. It is an expression of empathy and lets the client 
know that we care. In contrast, when an apology of respon-
sibility is offered, the clinician is saying, “I’m sorry we did 
this to you.” In cases where a medical error occurred, an 
apology of responsibility may be more appropriate. 

Currently, 38 states have implemented apology laws 
designed to encourage open disclosure. These laws have 
not been extended to veterinarians at this point. Studies 
conflict on the impact of these laws: some show a decrease 
in number of malpractice claims, others show no decrease 
in number of claims but lower payouts, and one reports an 
increase in the number of claims. In general, it would 
appear that if a lawsuit is subsequently filed, doctors are 
viewed in a much more favorable light if they’ve shown 
appropriate concern, interest and compassion. 

Bottom line is that it is easy to have integrity when 
everything is good, but when things go wrong we have the 
opportunity to live our ethics. Former CEO of the AVMA 
PLIT Dr. Rodney Johnson once told me the advice he gives 
to all veterinarians is, “Tell the truth before you have time 
to think of a lie.” Great advice in this time or any other. 

It’s hard for me to say I’m sorry: Medical errors and adverse events 
By Kelly Farnsworth DVM, MS, DACVS

Dr. Farnsworth is clinical associate professor at Washington State University 
College of Veterinary Medicine and a member of the AAEP’s Professional 
Conduct and Ethics Committee.

ETHICS

Dr. Kelly Farnsworth
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Florida racetrack practitioner selected as AAEP vice president

Dr. Scott Hay, president and 
managing shareholder of Fort 
Lauderdale, Florida-based racetrack 
practice Teigland, Franklin and 
Brokken DVMs, Inc., has been 
named AAEP’s 2019 vice president. 
He will be installed during the Dec. 
4 President’s Luncheon at the 64th 
Annual Convention in San 
Francisco, Calif., and will assume 
the role of AAEP president in 2021.

Dr. Hay joined the practice shortly after graduating from 
Kansas State University College of Veterinary Medicine in 

1988. His clinical focus is on lameness, performance evalu-
ations and purchase examinations.

An AAEP member since 1988, Dr. Hay has volunteered 
considerable time and expertise in service to the associa-
tion. He is currently a veterinary spokesperson for the On 
Call program and previously served on the board of 
directors from 2008-2011, as chair of the Racing 
Committee and as a member of the Professional Conduct 
and Ethics Committee. In addition, he is co-chair of the 
Racing Medication and Testing Consortium Scientific 
Advisory Committee and a member of the Grayson-Jockey 
Club Research Foundation Advisory Committee.

Protect horse welfare with new abuse and neglect resources

Whether it’s a high-profile case involving many horses 
such as in Wicomico County, Maryland, earlier this year or 
an isolated incident with a backyard horse, the importance 
of identifying potential abuse and neglect cases cannot be 
understated. 

New resources available on the AAEP’s website will help 
you work with clients and law enforcement to prevent 
equine abuse and neglect. Prepared by the Equine Abuse & 
Neglect Subcommittee of the AAEP’s Welfare and Public 
Policy Advisory Council, the resources consist of:

Reporting Suspected Equine Neglect, Abuse and 
Mistreatment (PowerPoint)

Abuse, Neglect and Mistreatment (PowerPoint)

including steps for evidence collection and triage

Form a strong collaborative team when faced with a 
possible case of equine abuse or neglect. Download these 
resources at aaep.org/owner-guidelines/equine-welfare.

Dr. Scott Hay

SLR Camera 

Emergency medications, euthanasia solution

16 G SD Card 

Weight tape

AAA Batteries 

Hoof pick
AA Batteries 

Digital thermometer

Dry erase board 

KY Jelly
Dry erase markers 

Exam Gloves

ABFO #2 scale 

Halters
6” straight scale 

Lead ropes
3” straight scale 

Small cooler with ice packs

Pens 

Twitch
Black sharpies 

Clippers
Note pad 

#10 clipper blades

Clip board 

Clipper cool lube

Red duct tape 

Electric power strip

Yellow duct tape 

Extension cord

Blue duct tape 

Vet wrap/bandaging supplies

Zip lock bags 

Bandage scissors

Tupperware containers 
Ophthalmoscope/otoscope

Universal microchip scanner 
Eye wash

Q-tips 

Gauze squares

ID tags and/or Livestock auction tags/stickers Dose Syringe for oral exams

Flash light 

Small mouth flash light for oral exams

Tow Ropes for recumbent horses 
Blood collection tubes, needles

Forms 

Formalin
Body Condition Score Form 

Evidence Bags (Plastic/ 9”x12”)

Equine Exam Forms 

Evidence Bags (Plastic/ 5”x8”)

Necropsy Submission Form 
Evidence Bags (lunch bags)

Medical Evidence log   
Evidence paper envelopes 

https://www.aspcapro.org/resource/disaster-cruelty-animal-cruelty-animal-fighting/sample-documents-cruelty-cases

Evidence Receipts 

Packing tape

Evidence tape 

Trash bags 

Packaging  www.shopevident.com carries forensic and law enforcement supplies 
Tyvek tags 

 
Note: Communication between the Veterinarian and Law Enforcement can determine what items  

each will provide on scene. 
Equine Cruelty, Abuse & Neglect RESOURCES

FORENSIC SUPPLIES
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Shelter:     Stabled       Pasture/paddock w/man-made shelter, tree or natural shelter       None

Shelter:     Adequate size     Inadequate (Describe)______________________________________________________

Fencing:    Adequate      Inadequate (Describe type, condition, safety hazards)__________________________________

Enclosure size:  # of horses: ___  # of other animals: ___ (note species) ________________________________________

Manure accumulation:     Minimal       Moderate       Heavy

Ammonia Odor (Urine smell)    None        Minimal Significant 

Fly presence:    Minimal fly burden   Moderate fly burden   Significant fly infestation

Water:   Freely available     Adequate Quality that does not discourage consumption   

   Not Freely available Inadequate Quality    

Hay available:    Adequate quality + quantity     Adequate quality, inadequate quantity 

    Inadequate quality, adequate quantity    Inadequate quality + quantity (dust, mold, toxins, weeds)

Other Feed (if available):  Adequate quality + quantity  Adequate quality, inadequate quantity 

        Inadequate quality, adequate quantity Inadequate quality + quantity  (dust, mold, toxins, weeds)

Equine Cruelty, Abuse & Neglect RESOURCES

EQUINE EXAM FORM

page 2

American Association of Equine Practitioners

Additional Notes:

Other Feed (if available): Adeq

Inadequate quality, adequate quantity  

(dust, mold, toxins, weeds) 
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In the days preceding the June 
Focus conference in Raleigh, 
N.C., the AAEP board of 
directors along with the AAEP 
Foundation Advisory Council 
and the Nominating 
Committee each conducted 
their summer meetings. 
Following is a synopsis of 
those meetings.

Foundation Advisory 
Council 

In addition to approving a 
number of operational policies, the Foundation Advisory 
Council approved grant funding in the amounts of 
$224,910 for general requests and Foundation-supported 
programs, as well as $91,500 for disaster preparedness 
requests and programs. In addition, the Foundation 
approved an award of $323,500 in named scholarships in 
2018 and the rollover of $61,813 of unspent project 
funds to support up to four first-time faculty award 
research projects in 2019. The Council also discussed and 
established short- and long-term goals related to the 
Foundation Research Subcommittee’s recommendation to 
significantly grow the research endowment established in 
2017.

Nominating Committee

The Nominating Committee reviewed and recommended 
candidates for our board of directors’ ballots, 2019 vice 
president and annual awards. Ballots for the two open 
board positions have been established, and voting will 
occur in August. The committee comprehensively  
reviews eligible candidates to ensure the board maintains 
an appropriate balance of skills and perspectives. Dr. 
Scott Hay was selected as the next AAEP vice president 
and will assume the presidency in 2021. Meanwhile, the 
award recipients will be announced at the Dec. 4 
President’s Luncheon during the annual convention. 

Board of Directors

At the day-long board of directors meeting, board 
members listened, discussed and voted on the recommen-
dations from the Foundation Advisory Council and 
Nominating Committee before reviewing progress of the 

AAEP’s strategic plan. The next recast of the strategic 
plan will occur at the 2019 summer board meeting.

Following strategic plan discussions, the focus turned to 
workgroup recommendations. Specific actions taken 
included: 

Public Policy Advisory Council to revise the AAEP’s 
position statement on hemicastrates (see page VI).

recommendation to host a social event at the annual 
convention for members who have completed the 
volunteer interest form. 

the Telehealth Task Force (see page VI).

working group, much of which will be provided as 
an educational piece to the membership. In the 
interim, and in the absence of further research, the 
board approved the initial recommendation of the 
working group that veterinarians follow the manu-
facturer’s labeling recommendations for administra-
tion, particularly with regard to age.  

Media Partner relationship with Vetstream.

document.

Educational Partner.

which will appear in the appropriate convention 
materials.

Additional topics discussed during the meeting that did 
not require official board action included the draft 

which will again be reviewed after the member comment 
period has closed; an update on the AVMA-AAEP 
Economic Survey and full release of the data; and a 
progress report from the Mentorship Task Force.  

Summer meetings focus on work of committees and task forces 
By David Foley, AAEP Executive Director

David Foley
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AAEP amends position statement on hemicastrates

The AAEP has published a white paper on telehealth to 
help guide practitioners’ use of remote delivery of health 
information within a valid VCPR as well as members’ 
understanding of potential legal and ethical ramifications 
of the burgeoning practice.

The white paper, produced by the AAEP’s Telehealth Task 
Force chaired by Dr. Tracy Turner, recommends studies of 
the outcomes of equine telehealth in order to optimize 
care and develop evidence-based regulatory policies. 
According to the white paper’s conclusion:

“Equine veterinarians need to approach telehealth with 
awareness of its advantages and limitations. Clients want 
the best telehealth has to offer for their horses, and they 
want to communicate with the professional of their 
choice. Client education that encourages choices within a 
VCPR is needed. Ultimately, the equine practitioner is 
responsible for making decisions regarding the use of 
telehealth tools for clients, and for upholding the 
standard of care within applicable state regulations. 

Veterinarians are encouraged to provide input to develop 
policies as state and national governments craft 
regulatory language that incorporates telehealth, protects 
the public, and the health of the animals.”

Read the white paper at https://tinyurl.com/aaepwpth.

Telehealth white paper published on AAEP website

At the request of the Welfare and Public Policy Advisory Council, the AAEP board of directors at its summer meeting 
approved revisions to the association’s position on hemicastrates, specifically to rebrand the position statement and 
recommend permanent visual identification of affected horses via application of a lower lip tattoo. The complete text, 
with edits, of the revised position follows:

AAEP Position on the Practice of Hemi-Castration Intentional Unilateral Castration

The Rremoval of a retained testicle, while leaving the descended testicle within the scrotum and without permanent 
identification of the horse as a hemi- unilateral castrate, may expose that horse to unnecessary additional invasive 
surgical procedures. Subsequent efforts to locate and excise the previously removed retained testicle may require 
extensive abdominal exploration with increasing risk of post-operative complications. 

As it is in the best interest of the horse, the AAEP advocates the development of recommends a permanent visual identi-
fication system of hemi- unilateral castrates that is acceptable to breed associations, owners and veterinarians performed 
by the surgeon at the time of retained testicle removal. The surgeon shall apply an “U” lip tattoo on the lower lip of the 
horse. Once the tattoo has been applied, the surgeon or designated owner must complete a “Castration Report” to the 
Jockey Club. Tattooing as means of identification of unilateral castrates will continue at least until a time when an 
electronic record keeping system and electronic individual animal identification devices meet the immediate identifica-
tion needs of the equine surgeon.

ASSOCIATION

1. Florida-based racetrack 
practitioner Dr. Scott Hay has 
been selected as AAEP’s 
2019 vice president.

5 things to know about AAEP this month

2. An AAEP white paper  
on telehealth has been 
published at https://tinyurl.
com/aaepwpth.

3. An updated “Core 
Competencies for New 
Veterinary School 
Graduates in Equine 
Practice” document is 
accessible at https://
tinyurl.com/aaepcc18.

4. The annual convention 
 registration kit will begin 

arriving in members’ 
mailboxes later this month. 

5. The AAEP Foundation 
is investing over 
$700,000 into equine 
welfare projects and 
programs in 2018. 



Touch Point: Communicate your way to stronger client relations  
at Touch workshop

According to AAEP market research, 
the No. 1 reason horse owners switch 
veterinarians is poor communication. 
Eliminate a major cause of client dis-
satisfaction by fine-tuning your com-

munication style during the In-Depth: AAEP Touch 
session at the 64th Annual Convention. 

On the morning of Tuesday, Dec. 4, Dr. Jane Shaw, a 
recognized expert in veterinarian-client-patient interac-
tions, will lead an interactive half-day workshop 
designed to help you develop key communication skills 
and then successfully implement them in your own 
practice. 

Entitled “Core Communication Skills for Highly 
Effective Practitioners,” the workshop will feature three 
topics:

Clients

This four-hour workshop is limited to 75 attendees and 
advance registration is required at no additional cost. 
Register for this session when you register for the 
convention at convention.aaep.org.

Make convention memories at new social events

While the spotlight will shine on new clinical knowledge 
and trade show innovations during the daytime hours at 
the AAEP’s 64th Annual Convention in San Francisco, 
the focus will shift to social event camaraderie in the 
evenings. In addition to the traditional Welcome 
Reception on Saturday, Dec. 1 and alumni receptions on 
Monday, Dec. 3, make plans to attend a pair of new 
social events that will ramp up the fun factor and help 
make your convention experience truly memorable. 

Vet Story Night, benefiting the AAEP Foundation

Nobody has better stories about life, horses, clients and 
veterinarians than vets themselves. On Sunday, Dec. 2 
from 8:00-11:00 p.m. at the Marriott Marquis, enjoy an 
evening of engaging storytelling, laughs and entertain-
ment while raising money for a noble cause—all 
proceeds will benefit the AAEP Foundation and its 
mission to improve the welfare of horses. A cash bar 
will be available throughout the evening.

An advanced reserve seat is available for $35. By 
purchasing your seat when registering for the 
convention, your ticket will be included in the attendee 
packet you’ll receive on-site in San Francisco. Any 
remaining available seating will be available for $45 at 
the door. 
Sponsored by  
Merck Animal Health.

The After Party

Join us as we celebrate you—the equine veterinarian—
with an evening of fun at the inaugural After Party!  
On Tuesday, Dec. 4 from 5:30-8:30 p.m. at the  
Marriott Marquis, enjoy games, a DJ, dancing and  
complimentary hors d’oeuvres, beer and wine (until 
7:00 p.m.) with your AAEP family and friends. A full 
cash bar will also be available.

Although The After Party is a free event for all 
registered attendees and exhibitors, a ticket is required 
for entrance. When registering for the convention, 
simply confirm your attendance at The After Party and 
a ticket will be included in your attendee packet. 
Sponsored by Zoetis.

TRANSFORM EQUINE PRACTICE
    64th Annual Convention & Trade Show

December 1-5, 2018   |  San Francisco, California   |  convention.aaep.org 
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The Foundation Advisory Council at its summer meeting 
approved $701,723 in funding support for programs and 
projects that benefit the health and welfare of horses. 

Scholarship support to help financially stabilize students’ 
transition into practice received the lion’s share of 
proceeds with funding of 49 total scholarships for 
$340,000. The disbursement also includes support for a 
record 10 Equitarian projects throughout Central and 
South America, the Caribbean, Mongolia and an Indian 
reservation in South Dakota.

Disaster training and preparation are spotlighted with 
funding of a pair of training programs at veterinary 
schools to include veterinarians, students, first responders 
and horse owners; and an equine disaster planning 
session for veterinarian leaders and industry stakeholders, 
likely to be hosted in 2019.

Among new programs receiving support are the recently 
launched Equine Welfare Data Collective, a collaborative 
effort to enhance programming for transitioning and 
at-risk horses; development of up to four $20,000 
first-time faculty awards for research projects; and  
development of iBooks at a veterinary school.

For more information about the Foundation’s effect on 
horse welfare, visit aaepfoundation.org and click the 
“Our Impact” link.

A pair of disaster training programs are among the  
beneficiaries of Foundation support.

Foundation allocates more than $700,000 for equine welfare projects 

More than 600 members are saving money and time on their inventory management as 
members of the AAEP Inner Circle on Vetcove. Are you one of them? 

This complimentary benefit of your AAEP membership allows you to browse the most 
extensive combined catalog of veterinary suppliers to find the best products, lowest-cost 
vendors and whether products can be resold profitably. Place orders through the site after 
directly comparing product pricing and availability from multiple vendors. 

“Vetcove has been extremely helpful organizing my orders and finding the best pricing for 
products at the various sizes so I can keep my operating expenses in check while also 
benefiting my clients,” said Dr. Joseph D’Abbraccio of Catskill Veterinary Services, PLLC in 
Rock Hill, N.Y.

Normally premium features of the service are also included at no cost, including online 
pharmacy prices and resale potential; trending items and purchase popularity among AAEP-
member clinics; and searchable, all-in-one purchase history.

Take control of your inventory by creating your AAEP Inner Circle on Vetcove account at 
aaep.org/dashboard/vetcove.

Dr. Joseph D’Abbraccio
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Benefit: Transform your inventory management with Vetcove 



AAEP News August 2018   IXMEMBERSHIP

Member in the headlines

Dr. Daniel Keenan, owner of Foundation Equine Wellness and Performance  
in Crosswicks, N.J., and an AAEP board member, was recently profiled in the 
online news outlet Planet Princeton for being among the top two fundraisers 
in the annual Ride for Runaways. The seven-day, 500-mile bike ride raises 
funds for Anchor House, which serves runaway, abused and neglected children.

Read the article at https://tinyurl.com/mith0818.

Melissa Batterton, DVM, Fort Collins, CO
Paige Billek, DVM, Elgin, IL
Marjorie Bruce, DVM, Rhinebeck, NY
Kristin Cameron, DVM, Raleigh, NC
Audrey Carlson, DVM, Boulder, CO
Matthew R. Cochran, DVM, Knoxville, TN
Adam Crowther, DVM, Franklinton, NC
Kellyn C. Dott, Manor, TX
Erin Elder, DVM, Goleta, CA
Angie Esselman, DVM, Hamburg, MN
Nicole Ferrero, DVM, Ames, IA
Amber Fischbach, DVM, Davis, CA
Shasta Flanigan, DVM, Baton Rouge, LA
Mary Galle, DVM, Oregon, WI
Shane Garrett, DVM, Stillwater, OK
Mary Giardina, DVM, New Orleans, LA
Amanda Gruber, DVM, Columbia, MO
Angela Marie Guaglione, DVM, Weatherford, TX
Melissa Hall, DVM, Brighton, CO
Lindsay Haupt, DVM, Crestwood, KY
Zachary Hulbert, DVM, Auburn, AL
Anne Hutton, DVM, Oakdale, CA
Brandon King, DVM, Boston, MA
Kelsey Koenig, DVM, Baton Rouge, LA
Anisha Kumar, DVM, Nampa, ID
Chelsea Linehan, DVM, Cave Creek, AZ
Debra Adell Maxwell, DVM, Raleigh, NC
Rachel McEwen, DVM, Guelph, ON, Canada
Jillian Minuto, DVM, Columbus, OH
Brittney Nelson, DVM, Iron River, WI
Kristina Peacock, DVM, Haymarket, VA
Nina Petersen, DVM, North Grafton, MA
Tawna Pogreba, DVM, Independence, WI
Peter Sacksen, DVM, West Grove, PA
Sara Santin, DVM, Edmond, OK
Darby Shope, DVM, Longville, LA
Pearce Sloan, DVM, Athens, GA
Delaney Sweeney, DVM, College Station, TX
Amanda Thomas, DVM, Livingston, TN
Chase Watiker, DVM, Grove City, OH
Cally Webster, DVM, Columbus, OH
Alexandra Wright, DVM, Ithaca, NY

New Members:

Thomas Alexander, DVM, Lancaster, PA
Adam Steven Bassett, DVM, Hastings, NE
Michael Brashier, DVM, Mississippi State, MS
Jennifer Cassano, DVM, Spencer, MA
Felipe Ceni, DVM, Montevideo, Uruguay
Karen Chandler, DVM, Brush, CO
David Alan Clark, DVM, Albion, ID
Katherine A. Connell, DVM, Eugene, OR
Theresa DeBoover, DVM, Ithaca, NY
Stephen Austin Doby, DVM, Arcadia, OK
Carl Gardner, DVM, Gonzales, TX
David Michael Garth, DVM, Kensington, NSW, Australia
Constance E. Gorman, DVM, Lexington, KY
Beau N. Green, DVM, Poulsbo, WA
Elsbeth Grimmer, DVM, Shippensburg, PA
Desiree Susanna Hoffmann, DVM, Bosau, Ostholstein, Germany
Ghassan Ishak, DVM, Carbondale, IL
Carrie Jacobs, DVM, East Lansing, MI
Mariana Juarez, DVM, El Centro, CA
Karyn Labbe, DVM, Corvallis, OR
Lisa Simons Lancaster, DVM, Denver, CO
Baity Boock Leal, DVM, Paulínia, São Paulo, Brazil
Sarah Leontowich, DVM, Rocky View County, AB, Canada
Alexander Martinez Lozano, DVM, Candelaria, Valle, Colombia
Christy Maddock, DVM, Montpelier, ID
Matt Moskosky, DVM, Fredericksburg, TX
Cris Navas, DVM, College Station, TX
Lynn Pezzanite, DVM, Fort Collins, CO
Jodi Pitts, DVM, Montezuma, KS
Erin C. Ramsay, DVM, St. John’s, NL, Canada
Alli Reid, DVM, Athens, GA
Erin Runcan, DVM, Columbus, OH
Manuel Sassi, DVM, Corbetta, Milan, Italy
Yolandi Smit, DVM, Pretoria, Gauteng, South Africa
Nicolle Symonds, DVM, Narellan, NSW, Australia
Rafael I. Torres, DVM, Barranquitas, Puerto Rico
Suzanne Fontenot Welker, DVM, Garrett Park, MD

Recent Graduates:

Cara Bankson, DVM, Weatherford, TX
Tamara Baranczyk, DVM, Pulaski, WI

The AAEP welcomes new members and congratulates recent graduates
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Dr. Doug Herthel, founder of Alamo Pintado Equine Medical Center in Los Olivos, Calif., who 
would go on to co-found AAEP Educational Partner Platinum Performance, died July 11 
following a 17-month battle with Lewy body dementia. He was 71.

A 1971 graduate of the University of California, Davis, School of Veterinary Medicine, Dr. 
Herthel established Alamo Pintado Equine Medical Center with his wife Sue in 1972. In 
addition to his pioneering work in colic surgeries, Dr. Herthel’s work in the field of regenera-
tive medicine is the foundation upon which all other veterinary stem cell surgeries were built. 
Among his clients was President Ronald Reagan, whose ranch was nearby. In 1996, Dr. 
Herthel established Platinum Performance, which provides dietary health supplements for 
horses, dogs, cats and humans. 

An AAEP member since 1973, Dr. Herthel served on the Equine Insurance and Practice 
Management committees.

Dr. Doug Herthel

Dr. Doug Herthel, co-founder of Platinum Performance, dies at 71

INDUSTRY

Driven to unlock the greatest potential in every animal, Purina is an industry-leading innovator offering a valued 
portfolio of products for horses’ unique life stage needs like the No. 1 veterinarian-recommended Equine Senior® horse 
feed, Strategy® horse feed that’s been fed over 1 billion times; and Omolene #200® Performance horse feed, the top-
selling sweet feed in the U.S. All Purina feeds are backed by the FeedGuard® Nutrition System, one of the industry’s 
most innovative and exacting quality assurance programs with strict ingredient standards, NIR testing and constant 
nutrition formulation for consistent nutrition in every bag.

Purina also offers unique solutions to support veterinarians and their clients 
with special needs horses. The WellSolve® line of feeds offers nutritional 
solutions for horses with metabolic syndrome and obesity. The WellSolve line 
also includes WellSolve Wel-Gel®, a first-of-its-kind enteral diet designed to 

assist horses that are clinically ill and/or recovering from surgery. This unique product is available only to the equine 
veterinarian through MWI Veterinary Supply, Patterson Veterinary and Henry Schein Animal Health distributors.

Gastric discomfort may keep horses from performing at their best. Now, you can offer your clients an additional way 
to help their horses. Purina® Outlast™ Supplement is formulated with a proprietary mineral complex with a unique 
honeycomb structure to support gastric health and proper pH in stressful situations. Give your clients the power of 
nutrition to keep their horses performing. 

In addition, Purina hosts the Purina Equine Veterinary Conference each year. The 2018 event will be held October 
12–13 in St. Louis, Mo. Top clinicians and nutritionists will provide the latest information on GI health and 
management solutions for the equine athlete. Practitioners interested in this RACE-accredited program should contact 
their local Purina feed sales specialist for more information.

For more information, visit purinamills.com/horse-feed or call (800) 227-8941.

AAEP Educational Partner Profile: Purina
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Highlights of recent clinically relevant papers

Guttural pouch mycosis

This retrospective clinical report by Amanda Watkins and Eric
Parente, based at the University of Pennsylvania in the USA,
describes the use and outcome of transendoscopic laser
salpingopharyngostomy for treatment of guttural pouch
mycosis (GPM) in horses.

The authors hypothesised that by performing this
procedure, a change in the local guttural pouch
environment would cause regression of fungal plaques. The
procedure, which was carried out under standing sedation
and visualised endoscopically, involved using a diode laser to
create an approximately 1.5 cm 9 1.5 cm hole through the
mucosa of the dorsal pharyngeal recess. Of the 45 horses
that presented to New Bolton Centre, University of
Pennsylvania for treatment of GPM between 2006 and 2017,
seven were treated with salpingopharyngostomy alone and
thus described in the paper.

Post-operative anti-fungal medication varied between
cases; with five horses receiving either topical or systemic
antifungals or a combination of both, and two horses
receiving no post-operative systemic or topical antifungal
medication. Surgery time was <1 h in all but one case, and
one case required repeat surgery the following day to widen
the salpingopharyngostomy hole. In all four horses that
presented with a nasal discharge, this had resolved 10–
30 days post-operatively. Two cases had complete resolution
of fungal plaques 1 month post-operatively, two cases at
2 months, two cases at 5 months, and one case at 6 months.
The salpingopharyngostomy site remained open 1 month
post-operatively in two cases and 10 months post-operatively
in one case, but had closed in two cases 2 months post-
operatively. One horse was euthanised 57 days post-
operatively due to persistent dysphagia and aspiration
pneumonia.

The authors concluded that salpingopharyngostomy may
provide a minimally-invasive method of treating certain cases
of guttural pouch mycosis in horses.

Semitendinosus tenotomy

In this retrospective case series David Suarez-Fuentes and
colleagues at Iowa State University, USA, compared
outcomes after semitendinosus tenotomy performed under
standing sedation vs. general anaesthesia.

Medical records of 20 horses undergoing tenotomy of the
semitendinosus muscle for the treatment of fibrotic myopathy
were reviewed. Signalment, history, affected muscles,
method of restraint, surgical procedures, and short-term
outcome as well as complications were retrieved from
records. Long-term outcome (gait and athletic function) was
assessed at least 6 months post-operatively by conversation
with the owners. Pearson’s v2 statistical analysis was used to
compare the method of restraint (standing sedation or
general anaesthesia) and affected muscles with overall
outcome. Significance was set at P<0.05.

Tenotomy of the semitendinosus muscle was performed
under standing sedation in eight horses and under general
anaesthesia in 12 horses. Follow-up period ranged from
9 months to 10 years. Gait was improved to variable degrees

in 8 of 14 horses when the semitendinosus muscle alone was
affected and in 4 of 6 horses when both the semitendinosus
and semimembranosus muscles were involved. Six of 8 horses
treated under standing sedation and 6 of 12 horses treated
under general anaesthesia exhibited some improvement in
the characteristic fibrotic gait. Five of 6 athletic horses treated
under standing sedation and 6 of 9 athletic horses treated
under general anaesthesia returned to their preinjury level of
athleticism. Horses treated under standing sedation had no
incisional complications; 2 of 12 horses treated under general
anaesthesia exhibited incisional drainage.

The authors concluded that tenotomy of the
semitendinosus muscle in horses with fibrotic myopathy leads
to similar improvement in gait, whether performed under
standing sedation or general anaesthesia.

Quality of compounded crystalloid fluids

This study by C.B. Magnusson and colleagues at the University
of Wisconsin-Madison, USA, investigated quality control and
safety of compounded crystalloid fluids for intravenous (i.v.)
delivery to horses.

Periodic lack of availability and high cost of commercially
produced isotonic fluids for i.v. use in horses have increasingly
led veterinarians to use home-made or commercially
compound fluids. In this study the authors compared electrolyte
concentrations, sterility, and endotoxin contamination of
commercially available fluids to two forms of compounded
isotonic crystalloid fluids intended for i.v. use in horses.

Two methods of preparing compounded crystalloids
formulated to replicate commercial Plasma-Lyte A (Abbott,
Chicago, IL) were compared. One formulation was prepared
by a hand-mixed method involving chlorinated drinking
water commonly used by equine practitioners, and the other
was prepared with ingredients obtained from a commercial
compounding pharmacy. The variables for comparison were
electrolyte concentrations, sterility, and presence of
endotoxin contamination.

Electrolyte concentrations were consistent within each
product but different between types of fluids. Hand-mixed
fluids had significantly more bacterial contamination
compared to commercial Plasma-Lyte A. One of the hand-
mixed fluid samples had detectable endotoxin contamination.

The authors concluded that chlorinated drinking water is
not an acceptable source of water to compound isotonic
fluids for i.v. administration and suggested that equine
practitioners should be aware of this risk and obtain the
informed consent of their clients.

Recurrent colic

In this study Holly Stewart and colleagues in the USA aimed to
describe gastrointestinal histological findings for horses with
recurrent colic and evaluate possible associations between
initial clinical signs, biopsy method, histological diagnosis, and
outcome 1 year after hospital discharge.

This retrospective case series included 66 horses with a
history of recurrent colic for which gastrointestinal specimens
had been submitted for histological examination. Histological
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diagnosis was categorised as inflammatory, neoplastic,
ischaemic, other, and undiagnosed. Relationships among
initial clinical features, biopsy method, histological diagnosis,
and outcome 1 year after hospital discharge (i.e. alive vs.
dead and persistent recurrent colic [yes vs. no]) and
between corticosteroid treatment and outcome were
investigated. Odds ratios and hazard ratios (HRs) with 95%
confidence intervals (CIs) were calculated.

Inflammatory disease (36/66 [55%]) was the most
common histological diagnosis. Horses undergoing rectal
biopsy alone were significantly (OR 14.4; 95% Cl 2.7–76.1)
more likely to not have a histological diagnosis than were
horses in which other biopsy methods were used. In
multivariable modelling, persistence of recurrent colic (HR
15.2; 95% Cl 1.9–121.2) and a history of weight loss (HR 4.9;
95% Cl 1.4–16.5) were significantly associated with outcome
(alive vs. dead) 1 year after surgery. Corticosteroid treatment
was not significantly associated with either outcome.

These results indicated that a high proportion (36/66 [55%])
of horses with recurrent colic had inflammatory gastrointestinal
disease. Use of rectal biopsy alone to obtain biopsy specimens
was more likely to result in no histological diagnosis. Use of
corticosteroids in horses with inflammatory gastrointestinal
disease was not associated with outcome but warrants further
investigation.

Complications after general anaesthesia

The objective of this study by Elizabeth Curto and colleagues
at North Carolina State University, USA, was to compare
complications between healthy horses undergoing general
anaesthesia for ophthalmic vs. non-ophthalmic procedures
and identify potential risk factors for the development of
complications.

This retrospective case series included 502 horses (556
anaesthetic procedures). Medical records over a 3-year
period were reviewed to identify horses undergoing general
anaesthesia. Signalment, bodyweight, drugs administered,
patient positioning, procedure type (ophthalmic,
orthopaedic, soft tissue, or diagnostic imaging), specific
procedure, procedure time, anaesthesia time, recovery time,
recovery quality, and post-operative complications were
recorded.

Horses underwent general anaesthesia for ophthalmic
(n = 106), orthopaedic (n = 246), soft tissue (n = 84),
diagnostic imaging (n = 110), or combined (n = 10)
procedures. Mean procedure, anaesthesia, and recovery
times were significantly longer for patients undergoing
ophthalmic vs. non-ophthalmic procedures. Excluding
diagnostic imaging procedures, there was a significant
positive correlation between surgery time and recovery time.
Within ophthalmic procedures, surgery time, anaesthesia
time, and recovery time were significantly greater for
penetrating keratoplasty compared with other ophthalmic
procedures. There was a significantly higher rate of post-
operative colic following penetrating keratoplasty, compared
with all other ophthalmic procedures.

The results of this study suggested that in healthy horses,
duration of general anaesthesia should be minimised to
decrease the risk of post-anaesthetic complications. Judicious

use of orally administered fluconazole is recommended for
horses undergoing general anaesthesia. For horses undergoing
a retrobulbar nerve block during general anaesthesia, use of
the lowest effective volume is suggested.

Tracheal wash cytology

This cross-sectional study by Natasha Jocelyn and colleagues
in the UK aimed to characterise the relevance of neutrophil
morphology in tracheal wash (TW) samples in horses with
respiratory disease.

In this study 1975 tracheal washes from 1100 horses
submitted between January 2013 and July 2015 were graded
on the degree and type (nondegenerate or degenerate) of
neutrophilia present. Multivariable logistic regression was
performed in order to determine whether a positive culture of
potentially pathogenic bacteria, season, year of diagnosis,
and age at diagnosis were associated with the presence or
absence of degenerate neutrophilia.

In total, 71.2%, (n = 1406) of samples showed neutrophilia,
with just over half of these (55%, n = 773) having
nondegenerate cells. Samples which had a positive culture of
potentially pathogenic bacteria (S. zooepidemicus and beta-
haemolytic Streptococcus spp. combined, S. pneumoniae,
Actinobacillus spp., Pasteurella spp. and Bordetella spp.) were
also more likely to have degenerate neutrophilia. Horses over
9 years old were less likely to have degenerate neutrophilia in
their TW samples compared to younger horses, and
degenerate neutrophilia was more likely in winter, compared
to spring and summer.

Assessing neutrophil morphology of TW samples may help
in distinguishing between infectious and non-infectious causes
of lower airway inflammation.

S. WRIGHT
EVE Editorial Office
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Case Report

Intra-abdominal cystic lymphangiomatosis in a Thoroughbred foal
V. L. Savage†*, L. A. Cudmore†, C. M. Russell†, D. I. Railton†, A. P. Begg‡, N. M. Collins† and
A. R. Adkins†

†Scone Equine Hospital, Scone, New South Wales; and ‡Vetnostics, North Ryde, New South Wales, Australia.
*Corresponding author email: victoria.savage@sconeequine.com.au
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Summary
Cystic lymphangiomas are rare malformations of the
lymphatics that result in the formation of a cystic mass. Where
multiple cysts are seen, the condition is termed cystic
lymphangiomatosis. This case describes the diagnosis and
unique management of cystic lymphangiomatosis in a 10-
day-old Thoroughbred foal. Ultrasonography, histopathology
and laparoscopy were essential for diagnosis and
appreciation of the extent of disease. Ultimately, the cystic
lymphangiomatosis was so extensive in this foal that
complete surgical excision was considered impossible and
the presence of adhesions within the abdomen indicated a
very poor long-term prognosis; the owners elected for
euthanasia at age 14 weeks. Although rare, lymphangioma
and lymphangiomatosis should be considered as a
differential diagnosis for an intra-abdominal mass in a young
horse.

Introduction

Cystic lymphangiomas are rare, congenital malformations of
the lymphatics. They are the result of a developmental
abnormality in which the lymphatic vessels fail to
communicate with the venous system. The blind ending
lymphatics progressively dilate to form a cystic mass. The
abnormality is best characterised in man, where most lesions
are solitary and occur in the head and neck region, while
intra-abdominal lesions occur less commonly (4 per 100,000
admissions) (Steyaert et al. 1996; Makni et al. 2012). Where
multiple cysts are seen, the condition is termed
lymphangiomatosis; a condition that is frequently associated
with other lymphatic abnormalities and often involves
multiple organ systems (Faul et al. 2000).

Clinical signs are variable with this condition. Abdominal
lymphangiomas can be asymptomatic especially in the early
stages, but in man they usually cause some degree of
abdominal pain, distension, nausea and vomiting (Kosir et al.
1991; Steyaert et al. 1996; Goh et al. 2005; Makni et al. 2012).
Abdominal ultrasound can be used to identify the presence
of a multiloculated cystic mass. Diagnosis is confirmed by
characteristic histological features of a septated cyst within
abundant lymphoid tissue lined by flat endothelial epithelium
and smooth muscle (Kosir et al. 1991; Steyaert et al. 1996).
Intra-abdominal lesions occur mainly in the mesentery of the
small intestine, potentially causing partial or complete small
intestinal obstruction and occasionally volvulus and
ischaemia (Kosir et al.1991; Steyaert et al. 1996; Goh et al.
2005). Lymphangiomas are discreet, focal and benign; thus
complete excision usually results in resolution of disease

without recurrence (Goh et al. 2005; Chiappinelli et al. 2012;
Makni et al. 2012). However, with lymphangiomatosis, the
success of surgical resection is hindered by the ability to
separate multiple dilated lymphatic vessels from normal
tissue. Recurrence is more common and hence this condition
has a poorer prognosis (Faul et al. 2000).

Intra-abdominal lymphangioma in man is rare; the
literature is limited mainly to case reports and small case series
(Kosir et al. 1991; Steyaert et al. 1996; Goh et al. 2005;
Chiappinelli et al. 2012; Makni et al. 2012). Lymphangiomatosis
is even more infrequent in both man and other species
(Belanger et al. 1999; Oui et al. 2014). In horses, single cases of
cutaneous lymphangioma have been described (Platt 1987;
Gehlen and Wohlsein 2000), but diagnosis of intra-abdominal
lesions is limited to one 6-month-old colt on post-mortem
examination (Turk et al. 1979). This report describes the
unique management of cystic lymphangiomatosis in a
Thoroughbred foal.

Case summary

Initial presentation
A 10-day-old Thoroughbred colt was referred to Scone Equine
Hospital’s intensive care unit for investigation of colic. On
arrival, the foal was bright and alert. Physical examination was
within normal limits except for an increased rectal body
temperature (39.5°C). Haematology revealed mild neutrophilic
leucocytosis (white cell count [WCC] 12.2 9 109 cells/L) and
hyperfibrinogenaemia (7 g/L), indicative of inflammation and/
or sepsis. Serum biochemistry was unremarkable. An admission
blood culture was positive for Escherichia coli. Abdominal
ultrasound revealed a large (estimated 15 9 20 cm) well-
demarcated, multiloculated mass within the ventral abdomen
(Fig 1) and a small volume of free peritoneal fluid. Peritoneal
fluid cytology did not have a significantly elevated WCC
(6.1 9 109 cells/L), but cells were predominantly degenerate
neutrophils with both intracellular and extracellular bacteria.
This together with an elevated total protein (55 g/L) suggested
a septic exudate and the intraperitoneal fluid subsequently
cultured E. coli.

Initial medical treatment was directed at septic peritonitis
associated with a suspected intra-abdominal haematoma or
abscess. This included i.v. fluid therapy, broad-spectrum
antimicrobial therapy (benzyl penicillin, BenPen1 50,000 iu/
kg bwt i.v. q. 6 h; trimethoprim sulfadimidine, Trivetrin2 30 mg/
kg bwt i.v. q. 12 h) and being withheld from nursing the
mare. The foal was stabilised prior to exploratory laparotomy
the following day.

Midline ventral laparotomy confirmed the presence of a
large (estimated 25 9 25 cm) abdominal mass, originating
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from the mesentery of the distal jejunum (Fig 2a). Surgical
excision of the mass was performed, causing disruption to the
mesenteric blood supply to a 50 cm segment of distal
jejunum, necessitating resection and end-to-end anastomosis
of this section of small intestine. Further exploration of the
abdomen revealed a thin membraned cystic structure within
the intercolic fold between the left dorsal colon and left
ventral colon, which was drained of a clear, nonviscous fluid
but not resected. The abdomen was lavaged with 15 L of
sterile saline and the incision closed routinely. Whilst the foal
was in dorsal recumbency, a 10 cm diameter soft swelling
was noted in the right inguinal region that was not identified
on initial clinical examination. However, herniation of
abdominal organs was not evident and no further
investigation was performed.

The excised mass was dissected and showed
multiloculated areas of transparent orange fluid (Fig 2b).
Cytology of this fluid was consistent with the previous
abdominocentesis results (WCC 3.9 9 109 cells/L, total protein
48 g/L, 97% degenerate neutrophils with intracellular and
extracellular bacteria) and also cultured E. coli. Histological
examination identified necrotic connective tissue containing
many large dilated vascular sinuses often filled with fibrin,
degenerate neutrophils and massive numbers of mixed
Gram-negative rod-shaped bacteria. Elongated, uniform,
well-differentiated spindle cells and collagen bundles in loose
stroma traversed the tissue. There was a superficial layer
of fibrinous, necrotic, neutrophilic exudate indicating
fibrinopurulent peritonitis. The initial histological diagnosis was
of a mesenteric connective and vascular hamartoma, which
had become secondarily infected.

Post-operatively, the colt was treated with broad
spectrum antimicrobials (benzyl penicillin 50,000 iu/kg bwt i.v.
q. 6 h; gentamicin (Gentam)3 12 mg/kg bwt i.v. q. 36 h),
parenteral nutrition, i.v. fluids (10% glucose solution4 at 3 mL/
kg bwt/h; Hartmann’s solution4 at 1 mL/kg bwt/h) lignocaine
(Lignocaine 20)3 constant rate infusion i.v. (loading dose
1.3 mg/kg bwt over 10 min, then 0.05 mg/kg bwt/min),
flunixin meglumine (Flunixon5; 1.1 mg/kg bwt i.v. q. 24 h), and
omeprazole (Omoguard6; 4 mg/kg bwt per os q. 24 h). The
colt recovered well from surgery, tolerated enteral nutrition
within 24 h and showed no further colic signs.

Five days post-surgery, follow-up abdominal ultrasound
indicated adhesion formation within the cranioventral
abdomen, involving the small intestine, omentum and
ventral abdominal wall. Peripheral leucocytosis (WCC
20 9 109 cells/L) and hyperfibrinogenaemia (8 g/L) together
with an increased peritoneal fluid WCC (140 9 109 cells/L)
was consistent with persistent septic peritonitis. An indwelling
abdominal drain was placed for 72 h to allow peritoneal
lavage with polyionic fluids (Hartmann’s solution) to be
performed. Intra-abdominal tissue plasminogen activator

a) b)

Fig 2: a) Resected abdominal mass next to a 10 mL syringe. b) The abdominal mass was dissected and showed multiloculated areas
of transparent orange fluid. Samples of the mass were submitted for histology and the fluid was submitted for cytology and culture.

Fig 1: Ultrasound image of abdominal mass, showing
multiloculated areas containing echogenic fluid.
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(8 mg total dose) was used in an attempt to break down
suspected adhesions within the abdomen. Antimicrobial
therapy was changed to ceftiofur (Calefur)7 (10 mg/kg bwt
i.v. q. 6 h) and amikacin8 (25 mg/kg bwt i.v. q. 24 h) based
on E. coli culture and sensitivity results. This antimicrobial
regime was used for 5 days before an acute catheter-
associated thrombophlebitis necessitated a change to oral
therapy (doxycycline10 mg/kg bwt per os q. 12 h)8 for a
further 7 days. Despite concerns regarding possible adhesion
formation, the foal remained bright with no further signs of
abdominal discomfort, and so was discharged after 15 days
in hospital.

Second presentation
At age 6 weeks, the foal re-presented due to an increase in
size of the soft, nonpainful swelling in the right inguinal region.
There were also two small raised nonpainful subcutaneous
swellings of the right caudolateral abdomen. All other
aspects of physical examination were considered normal.
Ultrasound of the right inguinal swelling revealed a large
multiloculated cyst-like structure with no evidence of inguinal
herniation of abdominal organs. Abdominal ultrasound
identified multiple cystic lesions within the ventral abdomen,
with suspected adhesions to the bladder and large colon.
Thoracic ultrasound was unremarkable. Haematology
revealed a mild hyperfibrinogenaemia (5 g/L), but all other
laboratory parameters were within normal limits. A second
surgery under general anaesthesia was recommended to
obtain a biopsy from the right inguinal lesion and to
investigate the extent of the abdominal lesions
laparoscopically. Surgical dissection of the right inguinal
region revealed a large multiloculated thin walled cystic
structure containing clear yellow fluid that extended from the
subcutaneous tissues deep into the inguinal canal. This
structure was excised and submitted for histopathological
diagnosis. Laparoscopy of the abdomen revealed several
grossly similar cystic lesions that varied in location, but formed
adhesions to the intestines, body wall and bladder (Fig 3).
The cysts appeared grossly different to the large vascular
hamartoma previously excised; however, it was suspected

that the lesions had a similar pathological origin. Given the
extent and location of the cysts, surgical resection was not
possible.

Histopathology of the inguinal mass showed fat,
connective and vascular tissue expanded by large numbers
of variably sized thin-walled cavernous vascular channels
(Fig 4). The channels were lined by endothelial cells that
stained strongly by immunohistochemistry with anti-factor VIII
related antigen (Fig 5) and variably with anti-CD34. Specific
markers for lymphatic endothelial cells were either not
available (Prox-1) or did not work in equine tissue (D2-40
standardised for human tissue). The endothelial cells were
supported by myofibroblasts (spindle cells positive with

B
A

Fig 3: Laparoscopic image revealing several large cystic
structures (A) that had formed adhesions to the large colon (B).

Fig 4: Histological section of the inguinal mass that was
surgically excised at the foal’s second surgery. Large cavernous
clear channels lined by endothelial cells and without luminal
erythrocytes were predominant. Some channels contained pale
pink proteinaceous material (haematoxylin and eosin staining;
40 3 magnification).

Fig 5: Histological section of the inguinal mass that was
surgically excised at the foal’s second surgery. Endothelial cells
were strongly positive for factor VIII-related antigen
(immunoperoxidase-DAB, haematoxylin counterstain; 100 3
magnification).
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anti-smooth muscle antibody immunohistochemistry) and a
variable amount of collagenous connective tissue. The
channels reached up to 10 mm in diameter, contained no
luminal erythrocytes and were interpreted as lymphatic
vessels. The mass contained several small active lymph nodes
with depleted germinal centres and proliferations of
macrophages and endothelial cells forming capillary-like
structures in the sinuses. A diagnosis of congenital
lymphangiomatosis was made based on the biopsy
histopathology and the clinical presentation. Due to the
extent of the lymphangiomatosis, further surgical excision was
considered futile. The foal was discharged from hospital; the
right inguinal swelling recurred 4 weeks later and, although
no further episodes of abdominal pain were reported, an
acute abdominal insult was considered inevitable due to the
location and adhesions of the intra-abdominal cysts. The foal
was given a very poor long-term prognosis and the owners
elected to subject the foal to euthanasia 6 weeks after the
laparoscopic surgery at age 14 weeks.

Post-mortem
Post-mortem findings revealed two large (23 cm and 31 cm
diameter) cystic structures adhered to the left dorsal and
ventral colon, bladder and body wall (Fig 6). The previously
resected cysts in the inguinal region had reformed and
extended subcutaneously and deep into the inguinal canal.
There were multiple small cysts (<1 cm in diameter) in the
subcutaneous tissue along the right body wall. No other gross
abnormalities were detected in other organs; no further
histopathology was performed on the cystic lesions.

Discussion

Solitary lymphangiomas occur predominantly at locations
where the lymphatic system develops from six primitive lymph
sacs at the jugular, inguinal, retroperitoneal and cisterna chyli
locations (Steyaert et al. 1996). Therefore, the most frequent
localisations are the neck, axillae, retroperitoneal tissue, thighs
and inguinal regions. The pathogenesis of lymphangiomatosis
is unclear, but also appears to be due to a lymphatic

developmental abnormality, possibly influenced by hormonal
factors or a more subtle and widespread lymphatic defect
(Faul et al. 2000). The only previously reported equine intra-
abdominal cystic lymphangioma was in a horse diagnosed
at age 6 months, thus it could not be determined whether
the lesion was present at birth (Turk et al. 1979). As this case
presented at age 10 days with a large and well-structured
cystic mass, it is likely that it was congenital.

Differential diagnoses for an abdominal mass in a foal
include haematomas, abscesses, intestinal atresia, meconium
retention and neoplasia. Abdominal haematoma can occur
following trauma or due to coagulation abnormalities.
Abdominal abscesses can be seen in older foals due to
haematogenous spread of respiratory pathogens
Rhodococcus equi and Streptococcus spp. (Reuss et al.
2011). Abscesses are less common in young foals, but can be
seen in association with sepsis or umbilical infection. Intestinal
atresia is uncommon but associated with marked colic in the
first 24–48 h and absence of meconium in the rectum.
Meconium retention is a common cause of colic in the first
24–48 h of life with characteristic findings on ultrasound as
well as response to enema and meconium staining with
digital palpation. Abdominal neoplasia has been rarely
reported in foals but includes juvenile granulosa cell tumour
and lymphoma (Meyer et al. 2006; Harper et al. 2010).

Transcutaneous abdominal ultrasound is sensitive and
relatively specific for cystic abdominal lymphangioma and
this, often combined with computed tomography, are the
diagnostic modalities of choice in human medicine to define
anatomic location, size and adjacent organ involvement
(Kosir et al. 1991; Goh et al. 2005; Chiappinelli et al. 2012;
Makni et al. 2012). Ultrasound was essential in this colt to
appreciate the extent of the pathology. A recent case report
described the successful use of computed tomography to
confirm regression of an abdominal mass in a foal that had
been detected incidentally during previous en bloc umbilical
resection surgery, and this imaging technique should be
considered if available (Barba and Lepage 2013).

Histopathologically, the solitary mass was initially
diagnosed as a hamartoma that had become septic and
necrotic. Hamartomas are a benign focal malformation that
represents a neoplasm in the tissue of its origin, and where
lymphatic tissue is affected, the terms lymphangioma and
hamartoma can be interchangeable (Knottenbelt et al.
2015). Microscopically, endothelial markers can be used
histologically on tissue to aid diagnosis of vascular tumours.
Factor VIII-related antigen, CD31 and CD34 are all markers of
endothelial cells. In one study of pancreatic lymphangioma,
endothelial immunoreactivity with factor VIII-related antigen
and CD31 was characteristic (Paal et al. 1998). One case
report diagnosed an equine cutaneous lymphangioma by
application of vimentin, factor VIII-related antigen and PROX-
1, a marker specific for lymphatic endothelial cells (Junginger
et al. 2010). Factor VIII-related antigen stained strongly in this
case, supporting the diagnosis of a vascular tumour. The
histological appearance of the channels without erythrocytes
was consistent with lymphatic vessels and a diagnosis of
lymphatic origin was justified even though specific lymphatic
endothelial cell markers were not used.

The treatment of choice for solitary abdominal
lymphangioma is complete surgical resection, with or without
small intestinal resection (Kosir et al. 1991; Steyaert et al. 1996;
Goh et al. 2005; Chiappinelli et al. 2012; Makni et al. 2012).

Fig 6: Post-mortem examination revealed two large intra-
abdominal cysts with adhesions to the left large colon, bladder
and body wall.
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This can be achieved via either laparotomy or laparoscopy
(De Lagausie et al. 2007). However, although complete
resection of the lymphangioma is ideal, with increasing
tumour size radical resection becomes more difficult. The
most common complication is recurrence (in up to 10% of
cases) when the mass is not entirely resected (Steyaert et al.
1996; Makni et al. 2012).

Sclerotherapy, injection of an irritant substance into the
cystic space, has been described for cutaneous, mediastinal,
intra-abdominal and retroperitoneal lesions using a variety of
compounds including OK-432, tetracycline and acetic acid
(Shankar et al. 2001; Uchida et al. 2002; Park et al. 2004).
However, when infection is present, as in this case, surgical
resection is the only recommended treatment option.
Intraperitoneal tissue plasminogen activator was used as an
adjunct treatment in this case to enhance fibrinolysis, reduce
formation of fibrinous adhesions and break down existing
fibrinous adhesions as has been demonstrated in septic
pleuropneumonia in horses (Hilton and Pusterla 2009; Rendle
et al. 2012; Tomlinson et al. 2015). This was unsuccessful as the
suspected adhesions were later revealed to be the lining of
new intra-abdominal cysts; thus fibrinolysis would have had
little effect on their endothelial lining.

Intra-abdominal cystic lymphangiomatosis is a rare
diagnosis in all species. The paucity of information on this
condition in foals made treatment planning difficult and in
this case ultrasound, histopathology and laparoscopy were
essential for diagnosis and appreciation of the extent of
disease. Survival in man is improved with early diagnosis and
reliant upon excision of all abnormal tissue. Ultimately, the
lymphatic malformation was so extensive that complete
excision was considered impossible and due to the extent of
adhesion formation in a young foal an abdominal crisis was
considered inevitable; the owners elected to subject the foal
to euthanasia at age 14 weeks. This level of malformation is
rare in man and exceptional in horses, but should be
considered as a differential diagnosis for a young horse with
an abdominal mass.
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Case Report

Magnetic resonance imaging-guided injection of platelet-rich
plasma for treatment of an insertional core lesion of the deep
digital flexor tendon within the foot of a horse
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Summary
Definitive diagnosis of a deep digital flexor tendon insertional
lesion within the right fore foot was made by magnetic
resonance imaging (MRI) examination and the lesion
subsequently treated by injection with platelet-rich plasma.
MRI was used to guide positioning of the needle to achieve
highly accurate injection. The volume injected was found to
approximate the calculated lesion volume. On the basis of
experience with this case, MRI-guided injection of insertional
deep digital flexor tendon lesions of the foot of horses under
general anaesthesia is practicable. This technique is likely to
be more accurate than the other techniques described
(computed tomography, ultrasonography) and carries no risk
of exposure to radiation (radiography).

Introduction

Diagnosis of tendinopathy of the deep digital flexor tendon
(DDFT) within the foot is predominantly made using magnetic
resonance imaging (MRI) (Schramme 2011). MRI-diagnosed
lesions of the DDFT within the foot can be classified as: core,
sagittal plane splits, insertional lesions or dorsal abrasions.
Insertional lesions of the DDFT as the sole lesion and part of
multifocal lesion pattern have been reported with a
prevalence of 6% and 43%, respectively, in a group of horses
with lameness localised to the digit and negative or
equivocal radiographic and ultrasonographic (US) findings
(Dyson et al. 2003). The cornerstone of treatment of horses
with these lesions is prolonged rest, typically 6–12 months
(Schramme 2011) incorporating increasing periods (up to
45 min daily) of hand walking exercise (Lutter et al. 2015). The
outcome for horses with primary DDFT tendinopathy that
have been rested for at least 6 months has been
disappointing with only 10–28% returning to their previous
level of athletic function (Dyson et al. 2005; Boswell 2009).
Due to the poor outcome after rest alone, several additional/
alternative therapies have been explored. These include
corticosteroid injection into the digital flexor tendon sheath or
navicular bursa (Schneider et al. 2003; Bell et al. 2009),
extracorporeal shock wave therapy (Puchalski et al. 2005),
intrabursal or intralesional injection under computed
tomographic (CT), radiographic or bursoscopic guidance
with acellular urinary bladder matrix, stem cells, platelet-rich
plasma (PRP) or bone marrow aspirate concentrate
(Puchalski et al. 2005; Maher et al. 2007; Anderson et al.
2008), and bursoscopic debridement (Nixon 2009; Smith et al.
2009). Intralesional injection with therapeutic biological

compounds such as PRP aims to stimulate cell proliferation
and matrix synthesis through providing a source of growth
factors (McCarrel and Fortier 2009). Previously described
techniques to inject DDFT core lesions within the foot include
US and CT guided injection or a combination of both
(Puchalski et al. 2005).

In the last 20 years, the superior soft tissue contrast and
multiplanar imaging capabilities of MRI compared to other
imaging modalities have resulted in the establishment of
MRI-guided techniques in human medicine for therapeutic
and sampling purposes (Fritz et al. 2009). Furthermore, the
development of MRI hardware and software has advanced
to a stage where MR allows near-real time imaging with
only short interruptions to workflow (Maurer et al. 2014). The
option of a treatment modality without exposure to
radiation for the personnel is a further advantage
compared to radiography, fluoroscopy and CT (Streitparth
et al. 2013).

The use of MRI-compatible needles (MRI-CN) to perform
intralesional injection of the collateral ligaments of the distal
interphalangeal joint in horses has recently been described
(Lamb et al. 2014).

The purpose of this case report was to describe a
technique to perform MRI-guided injection of an insertional
DDFT core lesion distal to the distal sesamoid bone (DSB) in a
horse under general anaesthesia.

Case history

A 12-year-old Warmblood gelding was examined for right
forelimb lameness. Lameness investigation revealed a
moderate consistent lameness at trot (3/5 AAEP). The
lameness was abolished after a palmar digital nerve block.
Radiography was performed and revealed no significant
abnormalities. A diagnostic MRI examination was performed
and a large (19.08 mm length and 6.4 mm maximum cross-
sectional width) core lesion of the DDFT distal to the DSB was
diagnosed. The lesion was hyperintense in TM PD-T2, Turbo 3D
T1 and STIR sequences. This appearance on MRI images has
previously been reported in 92% of horses with lameness of
≤6 months’ duration and lesions featuring core necrosis at
histology (Blunden et al. 2010).

The diagnostic MRI examination was performed 60 days
before treatment using a low field 0.31T MRI machine (O-
Scan equine)1. MRI-guided intralesional injection of PRP under
general anaesthesia was selected as treatment due to the
size and location of the lesion.
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Treatment

The day before surgery, the foot was prepared by paring and
rasping the hoof capsule and a bandage containing iodine
solution (Vetasept)2 was applied.

Measurement of the distance between the most proximal
extremity of the DDFT lesion and the coronary band at the
heel bulbs in FSE T2 REL SAG MR images was performed using
a medical image viewer application (Horos V1.1.7)3. This
distance was 7.6 cm (Fig 1).

On the day of the procedure 2.2 mg/kg bwt
phenylbutazone were administered intravenously. After
induction of general anaesthesia, the horse was positioned in
right lateral recumbency. Initial FSE T2 REL SAG, TME PD-T2 TRA
and STIR TRA sequences were acquired with the same low
field MRI machine. The coil used had a field of view of
140 mm. The presence and location of the lesion was
confirmed (Fig 2).

Blood was collected from the left jugular vein in a sterile
fashion and PRP harvested with a commercially available kit
(V-PET)4. After the lesion was visualised, the limb was removed
from the coil and the area between the heel bulbs prepared

aseptically. A stab incision was made through the skin with a
No. 11 blade at the depression between the heel bulbs just
proximal to the coronary band to facilitate needle insertion.
A 20 gauge 10 cm MRI-CN (MRI Chiba Needle)5 was inserted
under transcuneal US guidance (Busoni and Denoix 2001)
with a 12 MHz linear probe (Vivid i linear tendon probe 12L6;
Fig 3a). This enabled the needle to be visualised as far as the
distal border of the DSB. The needle was advanced for
approximately 7.6 cm, which was measured using the scale
on the needle’s shaft, and then protected by wrapping the
foot and pastern region in a sterile bandage (ethylene oxide
sterilised Vetrap)7 before replacing the limb in the coil to

Length: 7.623 cm

Fig 1: FSE T2 REL SAG magnetic resonance image showing the
measurement performed before injection. Line represents path of
needle from site of insertion to deep digital flexor tendon lesion.

Fig 2: TME PD-T2 TRA magnetic resonance image. The insertional
core deep digital flexor tendon lesion is visible as a focal
hyperintensity (arrow).

a)

b)

Fig 3: a) Needle insertion under ultrasound guidance from a
point between the heel bulbs just proximal to the coronary band.
b) FSE T2 REL SAG magnetic resonance image with needle in situ.
The needle is visible as a linear signal void (arrows), which
extends to the insertion of the deep digital flexor tendon (green
arrow). Note that the lesion is obscured in this image by the
signal void created by the needle.
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visualise the position of the tip of the needle in relation to the
DDFT lesion. It was necessary to repeat the procedure twice
before satisfactory positioning was achieved. On the first
occasion the needle was reinserted from a more distal
location at an angle that enabled the tip to be positioned
further proximally. Before reinsertion, the needle was rotated
so that the bevel faced distally. On the second occasion the
needle was withdrawn 3 cm and then redirected so that its
tip was positioned more axially. Correct positioning was
confirmed in sagittal (FSE T2 REL SAG; Fig 3b) and transverse
(TME PD-T2 TRA) planes. In the transverse plane images the
needle was seen to reach the lateral edge of the lesion
(Fig 4).

After the positioning was confirmed, the PRP solution was
injected using a Luer lock syringe. A volume of 0.3 mL was
easily injected, after which increased resistance was
encountered. After injection, the foot was placed in a sterile
bandage and the horse was recovered from general
anaesthesia with a rope assisted system. The horse received
phenylbutazone at 2.2 mg/kg bwt for 2 days post-injection
and a sterile bandage was kept in place for 24 h.

After the procedure, the volume of the DDFT core lesion
was calculated from TME PD-T2 TRA images using an open-
source software application (3D Slicer)8. The measured
volume was 0.21 mL. The discrepancy between lesion and
injected volumes was therefore approximately 30%.

Discussion

Local treatment with regenerative agents such as PRP has
been successfully used in human patients to improve wound,
bone and ligament healing (Marx et al. 1998; Carter et al.
2003; S�anchez et al. 2007). In horses, intralesional injection of
PRP was used with encouraging results for both tendon and
ligament injuries (Arg€uelles et al. 2008; Castelijns et al. 2011).
In a recent study MRI-guided injection of the collateral
ligaments of the distal interphalangeal joint with PRP alone or
in combination with stem cells resulted in a good outcome in
9 out of 13 horses (White and Barrett 2016). However, the
prognosis after intralesional injection with PRP in the DDFT is
unknown due to the absence of published reports.

In order to target the delivery of regenerative agents
better, a technique to approach the insertion of the DDFT
under radiographic guidance has been developed
(Anderson et al. 2008). On average, two attempts were
required to position the needle correctly using this technique;
when misplacement occurred, the needle was most

commonly directed towards the distal portion of the DSB. A
limitation of the technique is that it is not possible to
determine whether the needle penetrates the lesion, or is
even within the correct lobe of the DDFT.

The landmarks described by Anderson et al. (2008) were
used in the present case for needle placement and US
guidance was then used to direct the needle distally through
the digital cushion avoiding penetration of the navicular
bursa. However, it was necessary to adjust the needle’s
proximodistal angle, which reflected the small margin for
error. The needle was also rotated so that the bevel faced
distally because we speculated that this would facilitate
penetration of the DDFT by the needle, making it less likely
that the needle would be deflected by the tendon. A further
adjustment was required in the mediolateral direction but this
could be done after withdrawing the needle for a short
distance. Even though needle placement is best assessed
using MRI, the size of the signal void produced by the needle
made this challenging, particularly because the lesion’s cross-
section was small (6.4 mm). The maximum width of the signal
void in this case was 4.6 mm on T2 images (Fig 5), which is
similar to what others have reported using the same needle
(Streitparth et al. 2013), but the precise position of the needle

a) b) c)

Fig 4: Transverse TME PD-T2 TRA magnetic resonance images in a palmar (a) to dorsal (c) sequence with needle (b: halfway between
‘a’ and ‘c’) in situ. Needle is visible as a circular signal void within the axial portion of the deep digital flexor tendon (yellow arrow);
lesion is visualised as a focal hyperintensity (green arrow). The needle path is at the lateral border of the lesion but in the most dorsal
image (c) the signal void and focal hyperintensity appear to coalesce.

Length: 
4.674 mm

Fig 5: Transverse T2 magnetic resonance image showing the
diameter of the void caused by the needle.
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(0.91 mm outside diameter) in the relation to lesion was not
certain despite the signal void appearing to coalesce with
the lateral border of the focal hyperintensity created by the
lesion (Fig 4c). However, ease of injection was consistent with
the needle tip being positioned within the lesion; an
alternative approach would have been to reposition the
needle so that the signal void colocated with the lesion, but
a disadvantage may have been additional iatrogenic
trauma to the DDFT caused by further needle insertions. T2
images were selected to assess needle positioning because
this sequence produces the smallest prominent needle
artefact (Sequeiros et al. 2002) and good contrast between
the lesion and the surrounding tendon. White and Barrett
(2016) successfully used T1 images to assess needle position
within the collateral ligament of the distal interphalangeal
joint in horses but the difficulties presented by greater tissue
depth of target and the generally more focal nature of the
lesions may make the choice of MRI sequence a more
important factor in the assessment of needle placement in
the DDFT.

Due to the flexibility of the needle a stab incision in the
skin at the entry site is recommended to avoid excessive
bending as a result of drag by the skin. Furthermore, whilst
advancing the needle it is important to support the needle
with the fingers of one hand whilst the other hand is used to
apply constant pressure on the needle hub.

Preinjection planning including measurement of the
length of needle to be inserted to reach the lesion is advised
in order to reduce the number of times that the needle
requires repositioning.

Asepsis was maintained by protecting the foot and
needle in a sterile dressing that could be wrapped around
the limb without significantly increasing the dimension of the
limb. Removal of the sterile bandage for repositioning of the
needle was considered to be more time efficient than
repeating aseptic preparation of the injection site.

Although the needle had to be repositioned twice, this
was easily accomplished and did not prolong anaesthesia
unduly (90 min total).

The use of a MRI-CN allowed PRP to be injected into the
lesion with greater accuracy than would have been likely
using US guided or x-ray based techniques. Furthermore,
exposure of the operators to radiation was avoided.

The authors’ experience suggests that MRI-guided
injection could be performed during the same general
anaesthetic as the diagnostic procedure without significantly
prolonging the period of general anaesthesia. Our clinical
experience suggests that a 60 min general anaesthetic is
required in order to perform an MRI examination of a horse’s
foot. If the time required for MRI-guided injection is added to
this the total duration of the general anaesthetic should
remain <2 h, which is important with respect to limiting the

a)

b)

c)

d)

R

P

R

S

Fig 6: Volume reconstruction of anatomical structures from magnetic resonance images using Slicer software. Screen shots show deep
digital flexor tendon (DDFT; blue), DDFT lesion (red), distal and middle phalanges and navicular bone (sand coloured) as seen in
different planes; the volume of the DDFT lesion was calculated to be 0.21 mL.
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risks associated with general anaesthesia (Johnston et al.
1995). Performing diagnosis and treatment under a single
general anaesthetic is also important in controlling risk, as well
as costs.

3D Slicer is a free open-source programme used for the
visualisation and analysis of medical images, particularly in
human medicine (Du et al. 2012; Fedorov et al. 2012; Egger
et al. 2013). Its use for measurement of volumes <1.13 cm3

was validated in a study in which subcutaneous tumour
volume in mice was measured (Ma et al. 2015).
Measurement of lesion volume was quickly accomplished
(5 min) and would provide useful information if performed
preinjection (Fig 6). In cases where treatment is performed
separately from diagnosis, it is recommended that the
measurements should be repeated in order to obtain an
up-to-date, accurate value. Inability to inject a volume
approximating to the lesion size would suggest a technical
failure and should prompt re-evaluation of needle position.
Since degeneration has been recognised as cause of DDFT
insertional lesions (Busoni et al. 2005) injection of a much
larger volume than anticipated from measurement is to be
avoided because of the potential to disrupt tendon if high
pressure is applied. However, injecting a small volume of
PRP as the needle is withdrawn may be of benefit in
promoting healing of the needle tract.

Measuring lesion length on T1-GRE sequences before
planning treatment is recommended because lesions longer
than 30 mm are likely to be associated with a poor prognosis
(Vanel et al. 2012).

The difficulties in obtaining good quality images makes US-
guided injection of DDFT insertional lesions challenging,
particularly for those lesions located off midline where
adequate probe contact with the frog can be difficult to
achieve. Therefore, the MRI-guided technique described
should be considered when intralesional therapy is the
chosen treatment option for DDFT insertional lesions and
accurate injection is required. Due to the flexibility of the MRI-
CN, the use of 18 gauge needles, rather than the 20 gauge
needles that feature in previous studies (Daniel et al. 2016),
should be considered, although the advantages of easier
insertion would have to outweigh the disadvantages of
increased signal void and iatrogenic trauma.
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Caution
Federal (USA) law restricts this drug to use by or on the order of a licensed 
veterinarian.
Storage Conditions
Store at 68°F – 77°F (20-25°C). Excursions between 59°F – 86°F (15-30°C) are 
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Indications
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4 weeks of age and older.
Dosage Regimen
For treatment of gastric ulcers, GastroGard Paste should be administered orally 
once-a-day for 4 weeks at the recommended dosage of 1.8 mg omeprazole/lb 
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mg/kg).
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treatment of gastric ulcers, each weight marking on the syringe plunger will 
deliver sufficient omeprazole to treat 250 lb (114 kg) body weight. For 
prevention of recurrence of gastric ulcers, each weight marking will deliver 
sufficient omeprazole to dose 500 lb (227 kg) body weight.

•  To deliver GastroGard Paste at the treatment dose rate of 1.8 mg omeprazole/
lb body weight (4 mg/kg), set the syringe plunger to the appropriate weight 
marking according to the horse’s weight in pounds.

•  To deliver GastroGard Paste at the dose rate of 0.9 mg/lb (2 mg/kg) to prevent 
recurrence of ulcers, set the syringe plunger to the weight marking 
corresponding to half of the horse’s weight in pounds.

•  To set the syringe plunger, unlock the knurled ring by rotating it 1/4 turn. Slide 
the knurled ring along the plunger shaft so that the side nearest the barrel is at 
the appropriate notch. Rotate the plunger ring 1/4 turn to lock it in place and 
ensure it is locked. Make sure the horse’s mouth contains no feed. Remove 
the cover from the tip of the syringe, and insert the syringe into the horse’s 
mouth at the interdental space. Depress the plunger until stopped by the 

knurled ring. The dose should be deposited on the back of the tongue or deep into 
the cheek pouch. Care should be taken to ensure that the horse consumes the 
complete dose. Treated animals should be observed briefly after administration to 
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Warning
 Do not use in horses intended for human consumption. Keep this and all drugs out of 
the reach of children. In case of ingestion, contact a physician. Physicians may 
contact a poison control center for advice concerning accidental ingestion.
Adverse Reactions
In efficacy trials, when the drug was administered at 1.8 mg omeprazole/lb (4 mg/
kg) body weight daily for 28 days and 0.9 mg omeprazole/lb (2 mg/kg) body weight 
daily for 30 additional days, no adverse reactions were observed.
Precautions
The safety of GastroGard Paste has not been determined in pregnant or lactating 
mares.
Efficacy
•  Dose Confirmation: GastroGard ® (omeprazole) Paste, administered to provide 

omeprazole at 1.8 mg/lb (4 mg/kg) daily for 28 days, effectively healed or reduced 
the severity of gastric ulcers in 92% of omeprazole-treated horses. In comparison, 
32% of controls exhibited healed or less severe ulcers. Horses enrolled in this 
study were healthy animals confirmed to have gastric ulcers by gastroscopy. 
Subsequent daily administration of GastroGard Paste to provide omeprazole at 0.9 
mg/lb (2 mg/kg) for 30 days prevented recurrence of gastric ulcers in 84% of 
treated horses, whereas ulcers recurred or became more severe in horses 
removed from omeprazole treatment.

•  Clinical Field Trials: GastroGard Paste administered at 1.8 mg/lb (4 mg/kg) daily for 
28 days healed or reduced the severity of gastric ulcers in 99% of omeprazole-
treated horses. In comparison, 32.4% of control horses had healed ulcers or ulcers 
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were no drug related adverse reactions. In the clinical trials, GastroGard Paste was 
used concomitantly with other therapies, which included: anthelmintics, antibiotics, 
non-steroidal and steroidal anti-inflammatory agents, diuretics, tranquilizers and 
vaccines.

•  Diagnostic and Management Considerations: The following clinical signs may be 
associated with gastric ulceration in adult horses:inappetence or decreased 

appetite, recurrent colic, intermittent loose stools or chronic diarrhea, poor hair 
coat, poor body condition, or poor performance. Clinical signs in foals may include: 
bruxism (grinding of teeth), excessive salivation, colic, cranial abdominal 
tenderness, anorexia, diarrhea, sternal recumbency or weakness. A more accurate 
diagnosis of gastric ulceration in horses and foals may be made if ulcers are 
visualized directly by endoscopic examination of the gastric mucosa Gastric ulcers 
may recur in horses if therapy to prevent recurrence is not administered after the 
initial treatment is completed. Use GastroGard Paste at 0.9 mg omeprazole/lb body 
weight (2 mg/kg) for control of gastric ulcers following treatment. The safety of 
administration of GastroGard Paste for longer than 91 days has not been 
determined. Maximal acid suppression occurs after three to five days of treatment 
with omeprazole.

Safety
•  GastroGard Paste was well tolerated in the following controlled efficacy and safety 

studies.
•  In field trials involving 139 horses, including foals as young as one month of age, 

no adverse reactions attributable to omeprazole treatment were noted.
•  In a placebo controlled adult horse safety study, horses received 20 mg/kg/day 

omeprazole (5x the recommended dose) for 90 days. No treatment related adverse 
effects were observed.

•  In a placebo controlled tolerance study, adult horses were treated with GastroGard 
Paste at a dosage of 40 mg/kg/day (10x the recommended dose) for 21 days. No 
treatment related adverse effects were observed.

•  A placebo controlled foal safety study evaluated the safety of omeprazole at doses 
of 4, 12 or 20 mg/kg (1, 3 or 5x) once daily for 91 days. Foals ranged in age from 
66 to 110 days at study initiation. Gamma glutamyltransferase (GGT) levels were 
significantly elevated in horses treated at exaggerated doses of 20 mg/kg (5x the 
recommended dose). Mean stomach to body weight ratio was higher for foals in 
the 3x and 5x groups than for controls; however, no abnormalities of the stomach 
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Reproductive Safety
In a male reproductive safety study, 10 stallions received GastroGard Paste at 12 mg/
kg/day (3x the recommended dose) for 70 days. No treatment related adverse effects 
on semen quality or breeding behavior were observed. A safety study in breeding 
mares has not been conducted.
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Case Report

Uncommon castration complication: Penile amputation and sheath
ablation following an iatrogenic phallectomy
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Summary
This report describes the repair of an iatrogenic phallectomy
that occurred during an attempted castration of a horse that
was discovered to be a unilateral cryptorchid (inguinal testis).
Use of a modification of a described phallectomy and sheath
ablation technique allowed penile retroversion to be
avoided, decreasing excessive dissection and post-operative
morbidity, despite the urethral orifice being positioned more
caudally than previously reported.

Introduction

It is widely reported that castration complications are one of
the leading causes of malpractice complaints filed against
equine veterinarians in North America (Searle et al. 1999).
There are numerous studies evaluating and comparing both
the type of castration (open, closed, semiclosed as well as
standing vs. general anaesthesia), the environment in which
the surgery takes place (surgery suite vs. field procedure) and
the type of complication that occurs with each technique
and with castrations overall. Complications following
castration vary in frequency and severity. They can be as
mild as scrotal swelling, oedema or bacterial infection of the
spermatic cord, to life-threatening such as haemorrhage,
evisceration or septic peritonitis (Kilcoyne et al. 2013). While
penile trauma is listed as a potential complication of
castration, it is usually limited to excessive dissection of the
peripenile fascia without injury to the cavernous structures or
urethra, or as a sequela to paraphimosis, following
phenothiazine sedation (Pleasant 1999). Injury to the
cavernous structures and urethra has been reported, albeit
infrequently (Todhunter and Parker 1988; Mueller 2015). In a
recent large retrospective study investigating castrations,
however, no actual cases of penile injury were reported
(Kilcoyne et al. 2013).

Elective phallectomies can be performed in standing or
anaesthetised horses (Doles et al. 2001; Arnold et al. 2010;
Wylie and Payne 2016). These are usually performed to treat
neoplastic diseases, although traumatic or neurological
disease can necessitate this (van den Top et al. 2008; Arnold
et al. 2010; Schumacher 2012). Partial or en bloc
phallectomies have been described and are indicated
based on the type, the location of lesion, its extent or degree
of invasiveness. Although many of these surgical techniques
are not complicated to perform, post-operative
complications are common and have the potential to be
severe. Some complications such as oedema, swelling,
haematuria or mild haemorrhage appear unavoidable with
these techniques, but sometimes post-operative haemorrhage

and discomfort can be significant, necessitating more
involved post-operative management (Doles et al. 2001;
Schumacher 2012).

In this report, we describe the treatment and surgical
repair of an infrequently encountered complication,
accidental penile amputation, during a castration.

Case history

A 6-month-old Quarter Horse colt presented to the clinic shortly
after the attempted castration. The procedure had been
performed under general anaesthesia, in lateral recumbency.
The right testis was removed in routine fashion using an open
technique via a scrotal approach; however, when the left
testis was to be removed the penis underlying the scrotum was
emasculated instead of the testis. This resulted in the distal free
portion of the penis being severed and falling from the
prepuce. Upon discovery of the surgical error, an encircling
ligature was placed around the corpus cavernosum to try and
limit further haemorrhage. The amputation had been
performed obliquely, resulting in the urethra not being
completely occluded by this suture. The colt was recovered
from anaesthesia and transported to a referral hospital.

Clinical findings

Physical examination revealed a systemically stable horse,
weighing 269 kg, with no ongoing haemorrhage. Packed cell
volume was 27% and the total protein, as determined by
refractometer, was 62 g/L. Upon digital palpation through the
sheath, the stump of the penis could be palpated and some
urine was passed. The colt’s preputial orifice was stained with
blood, but palpation or urination did not cause any further
haemorrhage. Additionally, there were two open incisions,
one to the right of midline (scrotal) and the second on the
ventral midline, at the level of the scrotum. The left testis was
not identified on palpation with the horse standing.

Diagnosis

Based on the history and the physical examination, the
diagnosis of iatrogenic phallectomy was confirmed.

Treatment

The colt was immediately prepared for surgery. An
intravenous catheter was placed in the jugular vein for the
perioperative administration of 22,000 iu/kg bwt i.v. q.i.d.
penicillin (Penicillin G potassium)1, 6.6 mg/kg bwt i.v. s.i.d.
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gentamicin (Gentamicin Sulfate)2 and 1.1 mg/kg bwt i.v. b.i.d
flunixin (Prevail)2. Tetanus toxoid3 vaccination was administered
i.m.

The colt was premedicated with 1 mg/kg bwt i.v. of
xylazine (Xylamed)2 and general anaesthesia was induced
with 2.6 mg/kg bwt i.v. of ketamine (Zetamine)2 and 0.4 mg/kg
bwt i.v. of propofol (Propoflo)4. General anaesthesia for the
procedure was maintained using isoflurane inhalant with a
mechanical ventilator. Once anaesthetised, the colt was
placed in dorsal recumbency in the surgical suite. The left testis
was palpable dorsolateral to the midline incision in the
subcutaneous tissue of the left inguinal region. Further
examination of the sheath and penis revealed that the penis
had been transected at the junction of the outer lamina of the
preputial fold and the internal lamina of the external fold of the
prepuce. The preputial orifice and internal lamina of the
external prepuce remained and communicated directly with
themidline incision.

The proposed phallectomy and scrotal region was
aseptically prepared using dilute, povidone–iodine solution
(Pivodine Solution)2 and sterile saline. The preputial orifice was
aseptically prepared, but the prepuce was not as it could not
be effectively cleansed without contaminating deeper
structures. The preputial orifice was draped in such a way that
it was excluded from the surgical field initially and then
exposed, as needed, as the surgery progressed. A 15 cm
ventral midline incision coursing caudally was made beginning
approximately 3 cm caudal to the existing incisions made by
the referring veterinarian. A urinary catheter was placed into
the urethra through the penile stump. The body of the penis
was then dissected using sharp and blunt dissection from the
subcutaneous tissue. Once exposed, a Penrose drain was used
as a tourniquet around the proximal aspect of the exteriorised
penis, at the caudal extent of the dissection. A 5 cm long
triangular wedge of tissue and retractor penis muscle was
removed from the ventral aspect of the penile shaft, with the
apex of the wedge oriented proximally. The incision was
continued until the urethra was identified by the position of the
urinary catheter. The urethral mucosa was incised on the
ventral midline and then reflected and sutured to the ventral
aspect of the body of the penis, to the edges created
following removal of the triangular wedge of tissue. This layer
was closed in a simple continuous pattern using 2-0 polyglactin
910 (Vicryl)5. The distal end of the remaining penis, which had
been crushed by the emasculators, was transected at an
angle, at the distal end of the new urethral incision. This distal
portion of penis was dissected from the deep tissue and
removed, using a Ligasure6 device to aid haemostasis (Fig 1).
The tunica albuginea was closed in a simple interrupted
pattern using 2-0 polyglactin 910. The distal end of the urethral
mucosa was then sutured to the tunica albuginea with 2-0
polyglactin 910 and the urinary catheter was removed. The skin
incision that was made to approach the body of the penis was
sutured and the penile stump was sutured using 0
polydiaxanone (PDS II)5 so that it protruded slightly above the
level of the skin. No attempt was made to suture the urethral
mucosa to the skin edges. The left testis was exteriorised
through the midline incision that was created to perform the
phallectomy and removed using a routine closed technique.
Allis tissue forceps were used to elevate and place tension on
the preputial orifice. The midline incision was extended to
incorporate the midline incision, created by the referring
veterinarian, and continued around the circumference of the

preputial orifice in an elliptical manner. The sheath was
dissected using both sharp and blunt dissection and removed
(Fig 2). The sheath ablation site was partially closed in a routine
two-layer closure, using 2-0 polyglactin 910 in a simple
continuous pattern, with two 0.75 cm Penrose drains being
placed cranial to the reconstructed urethral orifice to provide
adequate drainage. The skin was sutured using 2-0
polydiaxonone in a simple continuous pattern. The caudal
extent of the sheath adjacent to the Penrose drains was left
unsutured, to heal by second intention, due to the concerns
regarding contamination of this area. The right scrotal incision

Fig 1: The urethral reconstruction is visible, with the urinary
catheter still in place. A Ligasure unit is being used for
haemostasis of the dorsal penile vessels prior to removal of the
remaining distal portion of the traumatised penis.

Fig 2: Traction is applied to the external preputial orifice, to assist
with excision of the internal lamina of the external prepuce and
preputial orifice.
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was left open to heal by second intention. The colt recovered
uneventfully from anaesthesia.

In the initial post-operative period, there was a mild
amount of incisional swelling with secondary urine scalding, as
well as mild haematuria. The Penrose drains were removed
72 h post-operatively. After 72 h of intravenous medications
(22,000 iu/kg bwt i.v. q.i.d. penicillin, 6.6 mg/kg bwt i.v. s.i.d.
gentamicin and 1.1 mg/kg bwt i.v. b.i.d flunixin), the case was
placed on 25 mg/kg bwt b.i.d. oral Trimethoprim
Sulfamethoxazole7 and 2 mg/kg bwt s.i.d. oral phenylbutazone
(Pributazone Boluses)8. The case was discharged 5 days post-
operatively with instructions to maintain strict stall confinement
for one month, complete the course of antimicrobials, and
anti-inflammatories for two more days.

The owner reported that the gelding was having
intermittent haematuria and urine scald on his inner thighs
2 weeks post-operatively. The skin irritation was managed by
cold hosing the area and then applying zinc oxide ointment
to minimise the skin irritation. This had resolved after a few
days of treatment, but he subsequently developed a purulent
discharge from the cranial aspect of the site of his sheath
ablation. This was treated with a course of oral antibiotics
(25 mg/kg bwt b.i.d. oral Trimethoprim Sulfamethoxazole) and
rapidly resolved. At no time did the gelding go off feed,
become febrile or display any signs of dysuria.

Outcome

At the last follow-up 8 months after surgery, the post-operative
swelling, discharge and subsequent urine scald had resolved
as well as the end stream haematuria. The gelding was
comfortable, gaining weight, his surgery sites had healed and
his urethrostomy site remained patent (Fig 3).

Discussion

This case demonstrates an uncommon surgical complication
during a routine procedure, performed by most equine

general practitioners, in which a positive outcome was
achieved using a modification of a previously described
surgical technique for penile amputation and sheath ablation
(Doles et al. 2001).

Castrations are performed frequently by equine
veterinarians and in the vast majority of cases, any
complications are minor inconveniences rather than life-
threatening. Careful monitoring and management post-
operatively allows these issues to be identified and addressed
early, often without the need for further veterinary
intervention. In this case the complication was unusual, but
considered life-threatening due to the risk of acute
haemorrhage and urinary obstruction. Rapid identification of
the surgical error was critical so that corrective measures
could be taken and by ligating the cavernous structures, the
degree of haemorrhage was controlled effectively. The colt
was able to urinate when evaluated, so although the urethra
had been injured, it remained patent at that early time. It
was assumed that local inflammation and healing could lead
to either partial or complete urinary obstruction. In this case,
the location of the left testis, adjacent to the left inguinal
canal prevented this from being a routine castration. The
position in which the horse was castrated (lateral
recumbency), the inguinal location of the testis and potential
inexperience of the clinician are believed to be possible risk
factors for this type of complication (Mueller 2015).

When addressing cases that require a phallectomy and
sometimes a penile sheath ablation, there are numerous
factors that contribute to the decision of which procedure is
most appropriate including the site of the lesions, extent of
the lesion, and if neoplastic, the possibility of metastasis or
lymph node involvement. Additionally, although surgical sites
of the penis and penile sheath heal well, there are potential
complications that impact a surgeon’s choice of surgical
technique.

There are multiple techniques for amputation of the distal
penis in the horse including Scott’s, Vinsot’s, or Williams’
techniques (Schumacher 2012). However, if due to the extent
of the disease or as in this case, location of the trauma, a
more extensive resection/repair is required, an en bloc
resection and penile retroversion (Markel et al. 1988) or penile
amputation with sheath ablation would be the techniques of
choice (Doles et al. 2001). More recently, a third technique
has been described, which results in less dissection and
urinary diversion via a subischial urethrostomy (Wylie and
Payne 2016). Standing techniques for phallectomy and
urinary diversion have been previously described (Perkins
et al. 2003; Arnold et al. 2010). The standing techniques avoid
the risks and increased expense associated with general
anaesthesia, although placement of a urinary catheter for
the urethrostomy is recommended and in this situation, was
not possible in the standing horse due to the location of the
amputation. Neither of these standing techniques would
have facilitated removal of the inguinal testis, so were not
considered. Perkins et al. (2003) did leave one testis in situ in
the case they reported, although possibly due to the
traumatic injury, no evidence of that testis was identified
upon palpation 4 weeks post-operatively. Our case was
different from the majority of these as no neoplastic process
was present, one testis remained in place and the penis had
already been amputated, prior to presentation.

En bloc resection with penile retroversion has been well
described in the literature (Markel et al. 1988; Archer and

Fig 3: The healed urethrostomy site with the horse standing
(caudal is to the right of the image), with no evidence of urine
scalding or any skin irritation.
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Edwards 2004). In cases of extensive neoplastic lesions it
allows radical excision of any affected subcutaneous tissues
and regional lymph nodes. This procedure results in the horse
urinating from an urethrostomy 10–15 cm distal to the anal
sphincter. However, there is increased patient morbidity (post-
operative swelling and pain can be severe) with this
technique due to the extensive amount of soft tissue
dissection and the risk of dehiscence (Schumacher 2012).

In 2001, Doles et al. published an alternative to the en
bloc resection that allowed for extensive penile resections
and sheath ablations without penile retroversion. Less soft
tissue dissection is performed and the permanent
urethrostomy is in a more anatomically appropriate location
for a gelding than is achieved with the retroversion
technique. This technique was similar to that used in the
presented case with the exception that the distal penis was
not present and that the prepuce now communicated with
an open, midline incision thus preventing complete closure of
the cranial part of the surgery site. In the case described
here, the location of trauma necessitated that the
transection be caudal to the level of the scrotal incisions,
which is further caudal than Doles et al. (2001) describe.
However, the advantages noted by Doles et al. (2001) were
the primary reason this technique was selected over an en
bloc resection with penile retroversion. The more conservative
incisions and soft tissue dissection reduces the post-operative
morbidity (extensive haematomas, post-operative discomfort)
and likelihood of dehiscence. This gelding did suffer some
discomfort associated with urine scalding, which is an
unfortunate complication of all of these en bloc phallectomy
techniques, but was not surprising due to the caudal location
of the urethrostomy. This was managed successfully with
conservative management. Its resolution was probably aided
by the gelding learning to posture differently when urinating.

Regardless of the type of penile amputation, distal or
proximal, there are numerous potential complications.
Stricture of the urethra, haemorrhage from the cavernous
tissue and secondarily formation of a haematoma at the
surgical site that results in dehiscence, surgical site infection,
urine scalding of the limbs and cystitis have all been reported
(Markel et al. 1988; Doles et al. 2001; Archer and Edwards
2004; Schumacher 2012). If the penile amputation is required
due to a neoplastic process, recurrence and metastasis are
also possible complications (van den Top et al. 2008;
Schumacher 2012). Our gelding did suffer from haematuria
post-operatively, but this resolved without further intervention
and was not considered an unexpected complication. The
drainage from the sheath ablation site resolved with a short
course of oral antibiotics and subsequently healed
completely. No complications affecting urine outflow, other
than the initial skin scalding have been observed and, to
date, the gelding is doing well, 8 months post-operatively.

In conclusion, we chose to use a less invasive surgical
correction, a modified penile amputation and sheath
ablation, to reduce post-operative complications in a young
horse with the knowledge that if complications were to
develop during life secondary to the correction, a penile
retroversion or urinary diversion technique (Wylie and Payne
2016) could be performed.
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Summary
A 5-year-old Arabian mare was referred for the investigation
of recent behavioural change, generalised stiffness, and
owner-reported polyuria and polydipsia. Clinical examination
revealed severe pain associated with palpation along the
entire length of the suspensory ligament (SL) and palmar soft
tissues of the pastern regions of both forelimbs. Radiographs
of the distal forelimbs demonstrated marked radiopaque
striations within the straight sesamoidean ligaments (SSLs),
and less severe but similar changes in the regions of the SL
branches. Ultrasonography of both distal forelimbs revealed
multifocal, hyperechoic lesions within the SSLs. The SL bodies
and branches were enlarged and had mixed echogenicity
on ultrasound scan. The horse was subjected to euthanasia at
the owner’s request and submitted for post-mortem
examination. Relevant gross findings were restricted to the SLs
and SSLs of all four limbs, all of which contained severe
mineralisation and irregularly arranged fibres. Histological
examination revealed severe, multifocal to coalescing,
dystrophic mineralisation with cartilaginous and osseous
metaplasia, which suggested a primary calcifying
desmopathy affecting all four SLs and SSLs. Clinical findings in
the case reported here were similar to that of degenerative
suspensory ligament desmitis previously reported by many
authors, but diagnostic imaging and histopathological
findings were significantly different.

Introduction

Mineralisation (ossification or calcification) is one of several
possible histological features of desmopathy and
tendinopathy (O’Brien et al. 2012), but is rarely reported in
equids. It is usually associated with a previous episode of
trauma, which may be iatrogenic in nature (O’Brien et al.
2012). In man, pain is reported to be associated with tendon
mineralisation in the rotator cuff and other sites (O’Brien et al.
2012), and we assume the same would be the case for
equids.

Degenerative suspensory ligament desmitis (DSLD) is a
debilitating condition of equids, over-represented in Peruvian
Pasos, regardless of age, sex or athletic function. Affected
horses can have multilimb pathology, and often have
pronounced lameness and pain on palpation of the
suspensory ligaments (SLs) (Mero and Pool 2002; Mero and
Scarlett 2005; Miller and Juzwiak 2010; Xie et al. 2010). Horses
with DSLD are reported to have limited response to
treatment, including analgesics, stall confinement and rest
(Mero and Pool 2002).

Degenerative suspensory ligament desmitis has also been
reported in older Arabians, American Saddlebreds, Quarter
Horses, Thoroughbreds and some European breeds that are
intensively worked or have sustained a prior suspensory
desmitis (Halper et al. 2006). The condition in these breeds is
usually only bilateral (Dyson and Genovese 2011). A single
case report by Miller and Juzwiak (2010) also described an
unusual case of bilateral hindlimb DSLD in a 3-month-old
Standardbred foal with an acute SL rupture.

Histopathology of DSLD-affected SLs typically shows
degeneration and swelling of collagen bundles within the
ligaments, which gradually coalesce and fibrose with disease
progression (Mero and Scarlett 2005; Halper et al. 2006).

This case report details an unusual case of suspected
quadrilateral primary calcifying quadrilateral suspensory and
straight sesamoidean ligament desmopathy, clinically similar
to DSLD, but with different ultrasonographic, radiological and
histological findings due to marked calcification and
ossification within the affected ligaments.

Case details

Case history and physical examination
A 5-year-old Arabian mare, kept at grass, was referred with a
history of polyuria, polydipsia, a change in temperament and
stallion-like behaviour. Marked stiffness was exhibited after
rising from recumbency. The referring veterinary surgeon
suspected a granulosa-theca cell tumour of the left ovary
and the mare was referred for further investigation and
possible ovariectomy.

On admission, the mare had a body condition score of 2/
5 (Carroll and Huntington 1988) and normal vital parameters.
Transrectal ultrasonographic examination of the uterus and
ovaries revealed normal sized ovaries with multiple follicles of
up to 2.5 cm in diameter. Anti-M€ullerian hormone levels were
mildly elevated at 3.2 ng/mL (reference range 0.22–2.94 ng/
mL), but this result was considered clinically insignificant,
given the atypical history and normal ultrasonographic
findings. It was therefore deemed unlikely that the mare had
a granulosa-theca cell tumour, and further investigations
were performed.

Water intake was measured over a 3-day period and was
found to be within normal limits, despite PU and PD being
reported. Routine haematology and serum biochemistry
showed no significant abnormalities.

The mare had a pottery gait at walk, was reluctant to trot
and was bilaterally lame in front (right > left). She was noted
to be lying down for extended periods and was reluctant to
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move around the stable. Digital pulses were within normal
limits and the mare showed a negative response to hoof
testers. Palpation of the forelimb SL bodies, SL branches and
soft tissues in the palmar pastern regions elicited severe pain
responses. It was extremely difficult to draw meaningful
conclusions from hindlimb palpation because of the horse’s
temperament. There was a marked increase in lameness
after distal limb flexion of all four limbs.

Radiographs
Standing lateromedial radiographs of the distal limbs
revealed no osseous abnormalities; however, multiple
radiopaque striations along the path of both straight
sesamoidean ligaments (SSLs) in the forelimbs were visible.
Less radiopaque changes were also noted in the area of the
SL branches just proximal to the fetlock (Fig 1). Similar
mineralisation was not seen in radiographs of the distal
hindlimbs.

Ultrasound examination
A 12 mHz linear array transducer was used to examine the
digital flexor tendons, SLs and SSLs of both forelimbs. There
was mild enlargement of the SL bodies (maximal cross
sectional area 1.4 cm2, reference range for Arabian horses
1.0–1.2 cm2) visible on transverse (Fig 2a), and longitudinal
(Fig 2b) views. Numerous hypoechoic areas were present
within the body of the SL with generalised hypoechogenicity
and loss of fibre pattern involving large portions of the
ligament (Fig 2b). Multifocal, hyperechoic foci were present
in both left and right SSLs of the forelimbs (Fig 3).

Outcome
A nonsteroidal anti-inflammatory drug, meloxicam (Metacam
0.6 mg/kg s.i.d. per os)1, was administered in an attempt to

alleviate the significant musculoskeletal pain. No
improvement was seen after 5 days and the owner elected
to have the mare subjected to euthanasia on humane
grounds. The carcass was referred to the University of
Nottingham Veterinary Pathology Service for post-mortem
evaluation.

Post-mortem findings

Gross findings
Relevant gross findings were restricted to the SLs and SSLs of
all four limbs. The affected ligaments had normal external
surfaces, but changes could be seen on their cut surfaces.
On transverse section, all four SLs (proximal part, body and
branches) and SSLs felt gritty and showed irregularly arranged
fibres. Multifocal pinpoint white foci of 0.5–1 mm in diameter
were seen on transverse incision, while the longitudinal

Fig 1: Lateromedial radiograph of right fore distal limb,
highlighting the radiopaque striations along the path of the SSL
(large arrow). Less obvious changes are seen in the region of the
SL branches (small arrow). Similar findings were seen in the left
fore distal limb.

a)

b)

Fig 2: a) Transverse ultrasound images of the left and right
forelimb SLs (mid body). Note the abnormal fibre pattern with
areas of both diffuse hypoechogenicity (small arrows) and focal
increased hyperechogenicity (large arrow). b) Longitudinal
ultrasound images of the left and right SL (mid body). There is a
loss of normal ‘space’ between the dorsal aspect of the SL and
the third metacarpal bone. Note the poor fibre pattern and
hyperechogenic foci (small arrows) within the SL bodies.
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incision revealed severe white striations (mineralisation) within
the ligaments (Fig 4). Examination of all four fetlock joints was
unremarkable.

Histological examination
Representative tissue samples of liver, spleen, kidneys, ovaries,
pituitary gland, SLs and SSLs were trimmed and routinely
processed for histological examination. Relevant histological
changes were observed primarily in the SLs and SSLs of all
four limbs. Up to 90% of the SL and SSL were extensively
mineralised, characterised by abundant, finely granular,
extracellular deposits within the ligament fibres. These
deposits stained dark purple with haematoxylin and eosin,
and dark-brown to black with von Kossa stain, indicating
mineralised granular deposition (Fig 5). Multifocally, islands of
cartilaginous metaplasia with central bone formation
(endochondral ossification) were also noted within the
ligaments. The interfascicular connective tissue within the

most severely affected areas showed minimal multifocal
changes, characterised by low numbers of individual
medium-sized arteries with intimal mineralisation and mild
multifocal vascular congestion of small blood vessels. Besides
the above described mineral, cartilage and bone deposits,
there was no evidence of any other extracellular matrix
deposition (e.g. proteoglycans or fibrosis). Given the lack of
inflammatory changes or evidence of trauma on any
samples examined, the observed lesions were suspected to
be of a degenerative nature.

Discussion

Ligament and tendon mineralisation may be due to
calcification or ossification (O’Brien et al. 2012). The horse in
this report had both abnormal calcium deposition and
evidence of endochondral ossification in the SLs and SSLs. We
believe that this type of severe quadrilateral mineralising
desmopathy has not been described previously in equine
literature. Whilst the mare described in this case showed
many clinical similarities to DSLD, including multilimb
involvement, severe pain evoked by palpation of SLs,
enlarged SLs, positive response to fetlock flexion tests,
increased recumbency time, lameness, and reluctance to
move (Mero and Pool 2002), diagnostic imaging and
histopathological findings of the affected ligaments were
different from the typical findings of DSLD (Mero and Pool
2002; Miller and Juzwiak 2010).

Aetiology of mineralisation of the SLs and SSLs in this case
is unknown. The mare was a 5-year-old homebred pasture
pet, and had not undertaken any significant athletic pursuit
in her lifetime. Quadrilateral involvement and lack of
inflammation seen on histopathological examination makes a
traumatic aetiology unlikely, and a primary degenerative
desmopathy is suspected.

Tendon mineralisation is reported to be a cause of pain
and tendon weakness in both man and equids (Dyson 2011;

Fig 3: Transverse ultrasound image of the right fore palmar
pastern region. Multifocal hyperechoic areas within the right fore
SSL are seen. Similar findings were seen on left fore.

Fig 4: Post-mortem photograph of transverse (top, branches) and
longitudinal (bottom, body) sections of one of the affected SLs.
Note the severe mineralisation seen as white pinpoint foci
(transverse cuts) and striations (longitudinal cut). (Ruler division
indicates 1 mm).

Fig 5: Photomicrograph of one of the affected SL. Note the
diffuse mineralisation seen as finely granular, dark purple,
extracellular deposits within the SL fibres and the focal ossification
(*). Haematoxylin and eosin (HE) stain, 10x. Insert: The
mineralisation is seen as dark-brown/black extracellular granular
deposits. Von Kossa stain, 40x. Similar findings were noted within
the SSLs.
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O’Brien et al. 2012), and is associated with tendon failure,
presumably because it impacts on the biomechanical
function of the tendon (Dyson and Genovese 2011; O’Brien
et al. 2012). It was unclear how long the mineralisation
process had been present, or how quickly it progressed, but
the mare had been showing clinical signs for only 6 weeks. It
would be possible that, as she was turned out and not in
regular work, she may have had a level of undetected
lameness for much longer than the reported time period.

Diagnostic imaging and histopathological findings of the
affected ligaments in this case were significantly different
from the typical findings of DSLD (Mero and Pool 2002; Miller
and Juzwiak 2010). Ultrasonographic changes observed
within a DSLD-affected SL include enlargement of the
ligament and diffuse loss of echogenicity and fibre pattern
(Mero and Scarlett 2005; Miller and Juzwiak 2010). In the case
reported here, the SLs had a diffuse loss of echogenicity and
fibre pattern with numerous focal hypoechoic areas within
the ligaments. In addition, widespread hyperechoic foci were
seen within the SSLs. Some of these foci created shadowing
artefact, indicating mineralisation of the ligaments.

Heterotopic ligament mineralisation is an uncommon
feature of DLSD, where the hallmark histological findings are
abnormal proteoglycan (PG) accumulation in SLs, and in
other connective tissues including the superficial and deep
digital flexor tendons, patellar and nuchal ligaments, aorta,
coronary arteries and sclerae (Halper et al. 2006). An
alternative aetiology was proposed by a more recent study
by Schenkman et al. (2009), who concluded that abnormal
PG deposition in DSLD-affected ligaments probably
developed as a result of disease progression and was not the
cause. Small foci of cartilage calcifications are occasionally
found in the SLs of advanced cases of DSLD (Halper et al.
2006), but the SLs in the case reported here were extensively
affected. The SL and SSLs of all limbs in this case were
extensively mineralised with frequent cartilaginous metaplasia
and islands of endochondral ossification; these changes
appeared to be progressive and irreversible, and were
associated with overt lameness and marked pain on
palpation.

There was no evidence of abnormal PG deposition in the
tendons, ligaments or other anatomical structures examined
histologically in this case report, and as such, this was
dissimilar to previously described cases of DSLD. Given the
range of changes observed within the affected ligaments,
the term ‘calcifying desmopathy’ would best describe the
case reported here.

Whilst unilateral or bilateral tendon injury is a very
common disorder in horses, tendon or ligament mineralisation
is a rare event. In contrast, tendon mineralisation is found
relatively commonly (2.7–22% prevalence) after rotator cuff
injury in human patients (Oliva et al. 2011). Other less
commonly affected sites include the Achilles tendon, bicep
brachii tendon, extensor pollicis longus tendon, quadriceps
tendon, anterior cruciate ligament and medial collateral
ligament (O’Brien et al. 2012). In man, tendon mineralisation
also arises after surgical trauma, but can also occur as a
feature of a primary tendinopathy or desmopathy (Lafuente
et al. 2009; O’Brien et al. 2012). In horses, tendon
mineralisation is reported anecdotally after injection of
corticosteroids either into the digital flexor tendon sheath
(Dyson 2011) or directly into the tendons themselves (usually
for treatment of core lesions). Several reports have also

documented the development of biceps brachii tendon
calcification or ossification in cases of chronic biceps brachii
tendinitis in horses (Meagher et al. 1979; Gillis and Vastistas
1997). Seignour et al. (2011) reported that there was an
association between fibrosed, mineralised palmar or plantar
distal digital annular ligament and chronic ligament injury.
The horse in this case had no previous history or histological
evidence of trauma or inflammation, and similarly no history
of iatrogenic intervention that could have induced the
changes seen at post-mortem examination.

A study by Baird and Kang (2009) demonstrated that
nonsteroidal anti-inflammatory drug administration reduced
the development of approximately 60% of heterotopic
ossification in traumatised human tissue. This indicated that
inflammation had an important role in heterotopic ossification
development. Other mechanisms for heterotopic ossification
within tendons (without necessarily having pre-existing injury
or inflammation) that are proposed in human medicine and
could potentially be relevant to this case include tendon
underuse, genetic factors, tissue hypoxia, hormonal, and
endocrine disorders (O’Brien et al. 2012). All presumably
affect bone morphogenetic protein production within
affected tendons (O’Brien et al. 2012).

Ingestion of plants containing toxic levels of vitamin D-like
compounds, such as day jasmine (Cestrum diurnum) in
Florida (Krook et al. 1975) or nightshade (Solanum
glaucophyllum) in Argentina and Brazil (Worker and Carrillo
1967), were reported to cause hypercalcaemia and
widespread metastatic tissue calcification in horses. The mare
in this case report had normal blood calcium levels, and did
not show any evidence of metastatic calcification in any of
the organs and tissues examined histologically. The ligament
abnormalities observed in this case could have been due to
a toxic insult, but of course this cannot be ruled in or out
definitively.

Given the severe and extensive changes seen at post-
mortem and on histological examination, we believe that
euthanasia was the correct decision for this case. Although
the duration of attempted medical treatment was quite
short, the mare was frequently recumbent and showed
significant signs of distress after rising from recumbency; as
such her quality of life was deemed to be poor by both the
owner and ourselves. There is currently no cure for equine
DSLD. It is a progressively debilitating disease with a poor
prognosis, and many cases are similarly subjected to
euthanasia on humane grounds.
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Clinical Commentary

Dystrophic mineralisation in degenerative suspensory ligament
desmitis
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The case of degenerative suspensory ligament desmitis
(DSLD) in an Arabian mare described by Hui et al. (2018)
appearing in this issue of Equine Veterinary Education
highlights imaging and histopathological findings not
previously recognised, or at least neglected, in horses with
this disorder. Although originally described as occurring
almost exclusively only in Peruvian Pasos, DSLD has been
diagnosed with increasing frequency in other breeds, such as
Quarter Horses, Warmbloods, Arabians, Tennessee walking
and Hanoverians (Young 1993; Halper et al. 2006).

Degenerative suspensory ligament desmitis is a
debilitating disorder recognised as an insidiously developing
lameness without history of trauma (Mero and Pool 2002;
Mero and Scarlett 2005). The disorder leads to pain and often
euthanasia because of progressive debilitating lameness and
excessive suffering. Needless to say, the performance of
afflicted horses is greatly diminished and impedes their ability
to perform and prevents their participation in competitive
shows and events.

The pathogenesis of DSLD is not well understood.
Degenerative suspensory ligament desmitis has been
observed to follow familial lines; however, a definitive
heritable mechanism has not been established, partly
because of variation in age of onset. The presumptive
diagnosis of DSLD is based on patient signalment and history,
clinical and ultrasound examination and it is confirmed only
at necropsy (Mero and Scarlett 2005). More recently,
histopathological examination of a biopsy of the nuchal
ligament has been added as an additional diagnostic tool
(Halper et al. 2011).

Clinical signs may vary from mild bilateral stiffness of gait
to severe, nonweightbearing lameness. With progression of
the disease, fetlock hyperextension or ‘dropping’ becomes
apparent, with the palmar or plantar aspect of the pastern
parallel to, or in severe cases, contacting the ground. The
result is abrasion of the plantar aspect of the fetlock joints
and severe debilitating lameness often necessitating
euthanasia. Palpation of the body and branches of the
affected suspensory ligaments reveals diffuse thickening and
enlargement of the body and branches of the suspensory
ligament and elicits a moderate to severe pain response.
Fetlock flexion test is usually positive (Mero and Scarlett 2005).
Survey radiographs demonstrate distal displacement of the
proximal sesamoid bones in relation to the fetlock joint and
may reveal abnormal tissue mineralisation within the
suspensory ligaments (Mero and Scarlett 2005).

Ultrasonography of the affected ligaments reveals
changes typical of suspensory desmitis, such as diffuse loss of
echogenicity and irregular fibre pattern. Unique to DSLD,

however, is continuing, diffuse enlargement of the affected
ligaments despite exercise restrictions (Pryor et al. 1984;
Young 1993; Mero and Pool 2002). Currently, there is no
effective treatment for horses with clinically identifiable DSLD.
Restricted exercise (Xie et al. 2011), corrective shoeing to
minimise tension on the suspensory ligament, supportive
bandages and nonsteroidal anti-inflammatory drugs have all
been used. These measures are most effective in early stages
of DSLD. Unfortunately, in the majority of cases, the diagnosis
of DSLD is made too late in the course of the disease to have
a positive impact on the wellbeing of the horse.

In recent years, DSLD has been recognised as a systemic
disorder characterised by inappropriate proteoglycan
presence in organs and structures with high content of
connective tissue (Fig 1) and often resulting in progressive
lameness, pain and difficulty ambulating (Kim et al. 2010). In
many cases cartilage metaplasia has also been noted;
however, calcifications are uncommon and the presence of
ossified foci has not been previously reported (Kim et al.
2010). In spite of the rather grim prognosis and increase in
prevalence, only a few articles have been published
related to DSLD and/or providing insight into the
pathogenesis.

The case report of Hui et al. (2018) confirms and expands
data obtained in our previous studies which demonstrated that
DSLD occurs in several breeds, including Arabian horses and
that the diagnosis has been supported by many veterinarians
through histological examination of nuchal ligament biopsy
samples (J. Halper, P.O.E. Mueller, unpublished data).
As described above, although we do see occasional
calcifications in DSLD-affected tendons, ligaments and some
other organs in addition to excessive proteoglycan deposition
(Fig 2), we have not encountered extensive calcification or
endochondral ossification in any of our previous clinical cases
(Halper et al. 2006; Kim et al. 2010). Whether the presence of
endochondral calcification represents a form of long standing
disease is not clear as the mare in this report was showing
clinical signs and lameness for a relatively short period of time
(6 weeks). It is possible that this extensive degree of
mineralisation and ossification represents a subtype or variant
of DSLD. At the present time, we do not know whether DSLD is
one disease or a group of similar disorders analogous to Ehlers-
Danlos syndrome in man (Halper 2014). We suspect that faulty
metabolism of decorin, a proteoglycan regulating the
assembly of collagen fibrils, is responsible for many of the
clinical signs and pathology associated with DSLD (Kim et al.
2010). Another possibility is that the pathology observed by
Hui et al. (2018) is caused by a defect(s) in metabolism of
other proteoglycans, e.g. of biglycan and/fibromodulin. The
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pathology of endochondral ossification and abnormal
collagen fibres described by Hui et al. in this issue (2018) is
similar to tendon changes of biglycan/fibromodulin-deficient
mice (Ameye et al. 2002). The finding of abnormal fibre pattern
and diffuse hypoechogenicity on ultrasonography in this case
is similar to typical ultrasound findings in DSLD-afflicted horses.

It may also be possible that what the authors aptly call
calcifying desmopathy, actually does represent expression of
a separate disorder. However, to define this as a new entity,
one would have to observe and describe this
symptomatology in the tendons and ligaments of more than
one horse and, ideally, one would have to propose an
alternative or novel pathogenesis.

It is unfortunate that the authors’ pathological
examination did not include ligaments and tendons, and
other tissues with high content of collagen in addition to the
suspensory ligaments. In our experience, we have found
marked pathological changes characteristic for DSLD not
only in affected suspensory ligaments, but also in other tissues
with high collagen content, such as superficial and deep
digital flexor tendons, nuchal ligaments, aorta, coronary
arteries and sclera. During post-mortem examination, we
recommend evaluating all four bundles of superficial and
deep digital flexor tendons and suspensory ligaments
regardless of whether they were clinically symptomatic or
not. We often identify not only early, but on many occasions
late histological lesions characteristic of DSLD involvement in
tissues of limbs with no clinical symptomatology. In the case
of this report, it would have been extremely helpful to have

b)

a)

Fig 1: Proteoglycan accumulation in a DSLD-affected tendon. a)
A microscopic section of a deep digital flexor tendon shows
normal collagen fibres and fascicles. b) In stark contrast, almost
all collagen in a section of a deep digital flexor tendon from a
DSLD-afflicted horse was replaced by proteoglycans staining
bluish. Magnification 3200. Haematoxylin & eosin staining.

a)

b)

Fig 2: Calcifications in the media of a DSLD-affected aortic arch.
a) The media of a normal aortic arch shows layers of mostly
collagen fibres. b) The layers of collagen fibres are disrupted by
darkly stained calcifications deposited in the media of an aortic
arch removed from a DSLD-afflicted horse. Magnification 3200.
Haematoxylin & eosin staining.
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examined and reported the extent of mineralisation and
ossification in the superficial and deep digital flexor tendons
of all four limbs.

The clinical suspicion of granulosa theca cell tumour of
the ovary and the finding of mild elevation of
anti-M€ullerian hormone is very interesting; however, the
post-mortem finding of normal pituitary and normal sized
ovary all but excludes the possibility of pituitary dysfunction
as the cause of suspensory ligament degeneration in this
case. Hofberger et al. (2015) have suggested that pituitary
pars intermedia dysfunction may lead to suspensory ligament
degeneration with cartilage formation and proteoglycan
deposition.

In summary, Hui et al. (2018) present an interesting case of
suspensory desmitis characterised by diffuse mineralisation and
endochondral calcification of suspensory and sesamoidean
ligaments. Since this report includes only one horse, we must
assume that this mare suffered from a variant of DSLD rather
than a separate disorder. If similar cases become apparent or
are reported in the literature, we may then support the
possibility of a novel clinical disorder.
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Avulsion of the proximal digital annular ligament in five hindlimbs
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Summary
Avulsion of the proximal attachment of the proximal digital
annular ligament (PDAL) was identified in five horses based
on characteristic radiographic findings and supported by
ultrasonographic examination in four horses. In two cases,
PDAL avulsion was associated with acute onset lameness
based on physical examination (both animals) and
diagnostic analgesia (one animal), and was the only lesion
identified. Both horses became sound after a period of rest.
Radiographs repeated 11 years later in one animal showed
minimal change in the appearance of the lesion. PDAL
avulsion was associated with a substantial tear of the deep
digital flexor tendon in another horse and in the remaining
two cases PDAL avulsion was not associated with lameness. A
dissection study found that the proximodistal extent of the
proximal PDAL attachment, expressed as a proportion of the
length of the proximal phalanx, was significantly (P = 0.011)
greater in hindlimbs (11.48 � 1.01%) compared with forelimbs
(8.55 � 1.06%). This finding may explain why hindlimbs
appear at greater risk of PDAL avulsion. In conclusion, while
PDAL avulsion can be a cause of acute lameness which, in
uncomplicated cases, responds to rest, it can also be an
incidental radiographic finding.

Introduction

Overstrain injuries of the palmar/plantar soft tissues in the
pastern region in the horse are common and are frequently
associated with subcutaneous fibrosis which makes
identification of the injured structure by palpation more
challenging. Diagnosis therefore often relies on the
localisation of the site of lameness to this region by diagnostic
analgesia followed by demonstration of pathology by one or
more imaging modalities - radiography (Weaver et al. 1992),
ultrasonography (Dik et al. 1994, 1995; Whitcomb 2009;
Carnicer et al. 2013; Coudry and Denoix 2013) and magnetic
resonance imaging (Dyson et al. 2003; Gonzalez et al. 2010;
King et al. 2013) being the most commonly used. The
description of the sites of attachment of the soft tissue
structures in the pastern by Weaver et al. (1992) has improved
understanding of radiographic findings in this region.

Thickening and constriction of the proximal digital annular
ligament (PDAL) as a cause of lameness has previously been
described (Dik et al. 1994, 1995), as has enthesopathy at the
proximal attachment site of the PDAL associated with pain
on palpation (Butler 2008). In this report, we describe the
features of avulsion of the proximal attachment of the PDAL
which has not previously been described, and propose

differences between forelimb and hindlimb anatomy that
may predispose this ligament to avulsion fractures in the
latter.

Case details

Case 1
Signalment
An 11-year-old Thoroughbred mare used for eventing.

History
The horse was found acutely lame in the right hindlimb at
pasture 2 weeks prior to examination and had been box
rested for 4 days and then turned out.

Physical examination
The horse was lame in the right hindlimb at the walk with a
shortened cranial phase of the stride of this limb, reduced
metatarsophalangeal joint extension and a lower foot flight in
comparison to the left hindlimb. Lameness when trotting in a
straight line was graded as 4/10. Flexion of the
metatarsophalangeal joint for one minute, which was
resented by the horse, exacerbated the lameness to 6/10.
Effusion was present in the digital sheath and
metatarsophalangeal joint of the right hindlimb with some
increased heat in the area. The digital veins were distended
and there was pain on palpation in the region of the lateral
proximal sesamoid bone.

Diagnostic analgesia
No change occurred following analgesia of the
metatarsophalangeal joint. Based on the focal changes
palpated, perineural blocks (Schumacher et al. 2013) were
performed uniaxially. Analgesia of the lateral plantar digital
nerve at the level of the heel cartilage did not affect the
lameness. Blocking the lateral plantar digital nerve and dorsal
branch of the plantar nerve on the abaxial surface of the
lateral proximal sesamoid bone (a uniaxial abaxial sesamoid
nerve block [Schumacher et al. 2013]) improved the
lameness partially (to 2-3/10). Analgesia of the lateral plantar
and lateral plantar metatarsal nerves just proximal to the
digital sheath eliminated the lameness (half of a low 4-point
nerve block).

Radiography
Plain radiographs identified avulsion fragments with
associated defects in the cortical bone on the proximo-
plantarolateral aspect of the proximal phalanx (Fig 1).
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Ultrasonography
The plantar aspect of the distal metatarsus and pastern was
examined ultrasonographically. The bony fragments could be
identified on the plantarolateral aspect of the proximal
phalanx, associated with the proximolateral attachment of
the PDAL (Fig 2). No other soft tissue abnormalities were
detected.

Treatment and outcome
The horse was field rested for 6 months after which time it was
sound and returned to its previous level of eventing. Eleven
years later, the horse was re-examined. The owner reported
that the horse had remained sound on the limb in the
intervening period. The area was re-radiographed which
revealed the major avulsion fragment still separate from the
parent bone (Fig 1).

Case 2
Signalment
A 5-year-old Thoroughbred gelding used for eventing.

History
This horse became non-weightbearing lame on the right
hindlimb after a fall. After 4 weeks of rest, the horse was
examined by the referring veterinary surgeon and found to
be 2/10 lame on the right hindlimb with a firm swelling and
some discomfort on deep palpation over the plantar aspect
of the pastern distal to the level of the metatarsophalangeal
joint. Diagnostic analgesia was not performed at the time.
Radiographs identified bony fragments in the proximal
pastern region. Ten weeks of rest and controlled exercise
were recommended.

Physical examination
At the time of referral, 3 months following injury, the horse
was sound when walking and trotting. Subtle thickening was
palpable distal to the metatarsophalangeal joint in the
plantaroproximal aspect of the pastern and flexion of the
metatarsophalangeal joint was not resented.

Radiography
Repeat radiographs showed little change in comparison with
the radiographs taken 2 months earlier. Bony fragments were
still evident at the site of both the lateral and medial proximal
attachments of the PDAL. The lateral fragment was smaller
with a smoother outline.

Ultrasonography
Ultrasonography confirmed the relationship between the
fragments and the PDAL with more subcutaneous fibrosis in the
proximoplantar aspect of the right hind pastern compared
with the left. No other soft tissue pathology was identified.

RH
D50LPMO

a)

b)

Fig 1: Dorsolateral plantaromedial oblique radiographs of the
right metatarsophalangeal joint in Case 1, taken 2 weeks after
injury (a) and 10 years later (b). These images demonstrate
avulsion fragments at the site of the proximolateral attachment of
the proximal digital annular ligament. In the earlier image, one
large and one or more smaller fragments are visible and in the
later image the smaller fragments appear to have been
resorbed. There is also evidence of an osteophyte(s) on the
dorsomedial aspect of the proximal phalanx proximally in this
radiograph.

51
2

3

4

Fig 2: Plantarolateral ultrasonograph of the proximal phalanx of
the right hindlimb (plantar to the left and dorsal to the right) in
Case 1. The proximal digital annular ligament (PDAL; (1) overlies
the superficial digital flexor tendon (2), deep digital flexor tendon
(3) and oblique sesamoidean ligament (4) in this view. The
avulsed bony fragment(s) (5) can be seen adjacent to the
plantarolateral aspect of the proximal phalanx continuous with
the proximolateral attachment of the PDAL.
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Treatment and outcome
Box rest with 6 weeks of ridden walking followed by 6 weeks
trotting were recommended. Three months later, the horse
remained sound with no change to the radiographic
appearance.

Case 3
Signalment
A 9-year-old Thoroughbredmare used for general purpose riding.

History
The horse sustained injury to the right hindlimb while turned
out 6–8 weeks prior to referral.

Physical examination
A severe effusion of the right hind digital flexor tendon sheath
was present with pain on palpation over the deep digital
flexor tendon in the pastern region. Trotting in a straight line
the horse was 3/10 right hindlimb lame. A brief flexion test
exacerbated the lameness to 10/10.

Radiography
Radiographs also showed an avulsion of the proximolateral
attachment of the PDAL along with osteoarthritis of the
proximal interphalangeal joint and mineralisation between
the digital flexor tendons within the digital sheath.

Ultrasonography
Mineralisation was present between the digital flexor tendons
within the digital flexor tendon sheath. A focus of
mineralisation was also present within the distal attachment
of the straight sesamoidean ligament. Distal to the
metatarsophalangeal joint, the deep digital flexor tendon
was hypoechogenic throughout two-thirds to three-quarters
of its cross-sectional area.

Treatment and outcome
Under tenoscopic guidance, the torn deep digital flexor
tendon was debrided. Approximately 50% of the cross-
sectional area of the tendon was disrupted, and a flap of
torn tendon which had reflected distally, was debrided. The
avulsed fragment of the PDAL was removed. The horse
remained severely lame for at least 1 year after treatment.

Case 4
Signalment
A 4-year-old Dutch Warmblood mare intended for upper
level showjumping.

History
Difficulty cantering (bunny hopping) on the right rein.

Physical examination
The horse was sound trotting in a straight line (visual assessment
and using Equinosis Lameness Locator1). The left hind
metatarsophalangeal joint was moderately distended with a firm
prominence on the dorsolateral aspect of the joint. There was no
pain on palpation. A distal limb flexion test was moderately
positive, causing the horse to be 2/10 lamewhen trotting away.

Radiography
An oval smoothly demarcated fragment was present within a
corresponding defect in the plantaromedial border of the

proximal phalanx (Fig 3). The defect was smooth with some
associated new bone formation. A large osseous fragment
was present on the dorsolateral aspect of the
metatarsophalangeal joint and the dorsolateral eminence of
the proximal phalanx was remodelled with a small marginal
osteophyte. On the plantaromedial aspect of the joint, a short
incomplete radiolucent line was present at the articular
margin of the medial plantar process of the proximal phalanx.

Ultrasonography
The fragment on the plantaromedial aspect of the proximal
phalanx was associated with the site of proximal attachment
of the PDAL, which was not enlarged (Fig 4). No other soft
tissue abnormalities were detected.

Treatment and outcome
The fragment on the dorsolateral aspect of the
metatarsophalangeal joint was removed arthroscopically. The
horse has returned to exercise without lameness.

Case 5
Signalment
A 6-year-old Irish Sports Horse gelding used for showjumping.

G

Fig 3: Dorsomedial plantarolateral oblique radiograph of the left
hind metatarsophalangeal joint of Case 4 demonstrating an
avulsion fragment at the site of the proximomedial attachment of
the proximal digital annular ligament. In addition, a large osseous
fragment is also present on the dorsomedial aspect of this joint,
the dorsolateral eminence of the proximal phalanx was
remodelled and an incomplete radiolucent line was present on
the plantaromedial aspect of the proximal phalanx.
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History
The horse had been lame for 4–6 weeks prior to referral. The
referring veterinary surgeon had found no response to an
abaxial sesamoid nerve block or analgesia of the medial and
lateral plantar, plantar metatarsal and dorsal metatarsal
nerves just proximal to the digital flexor tendon sheath (a low
6-point nerve block). Radiography of the tarsus indicated
distal intertarsal joint osteoarthritis.

Physical examination
Trotting in a straight line, the horse was graded 2/10 left
hindlimb lame. Distal and proximal limb flexion tests
exacerbated the lameness.

Diagnostic analgesia
Analgesia of the plantar and plantar metatarsal nerves in the
proximal metatarsus biaxially (a high 4-point block) improved

the lameness by 70%. There was no response to analgesia of
the tarsometatarsal, distal intertarsal or tarsocrural joints.

Radiography
Radiography of the tarsi showed evidence of bilateral distal
intertarsal joint osteoarthritis. Three smooth fragments were
noted as an incidental finding associated with the lateral
proximal attachment of the PDAL on the right hindlimb.

Ultrasonography
Ultrasonography of both plantar metatarsi showed no distinct
abnormalities.

Treatment and outcome
Based on the results from diagnostic analgesia, the horse was
treated for proximal suspensory ligament desmitis with
controlled exercise and extracorporeal shock wave therapy
on three occasions 2 weeks apart. At the time of the final
treatment, the horse remained 2/10 left hindlimb lame.

Anatomical study

Methods
Six ipsilateral pairs of fore and hind cadaver limbs (2
Thoroughbreds, 3 Cob types and one pony) were dissected
and the proximal attachments of the PDAL isolated. Radio-
opaque markers (23 G needles) were placed at the proximal
and distal limit of the attachment on one side and
lateromedial radiographs taken (Fig 5). A line connecting the
dorsal and palmar/plantar eminences of the proximal
phalanx was used as a reference for the proximal limit of this
bone (L1). The perpendicular distances between L1 and the
proximal limit of the proximal attachment of the PDAL and
the distance between the proximal and distal limits
(proximodistal extent) of the proximal attachment of the
PDAL were measured. Data were normalised using the length
of the proximal phalanx – determined by the perpendicular
distance from L1 to a second parallel line (L2) contacting the
distal aspect of this bone. Data from fore- and hindlimb pairs
were normally distributed and so compared using a paired t
test.

Results
The distance between the proximal limit of the proximal
attachment of the PDAL and L1 was not significantly (P>0.05)
different between forelimbs (12.45 � 2.96%) and hindlimbs
(11.77 � 1.44%). In contrast, the proximodistal extent of the
proximal attachment of the PDAL was significantly (P = 0.011)
greater in hindlimbs (11.48 � 1.01%) than in forelimbs
(8.55 � 1.06%).

Discussion

Avulsion of the PDAL, when it occurs in isolation, may be a
cause of transient hindlimb lameness. Diagnosis relies on the
identification of characteristic radiographic findings with
ultrasonographic confirmation that the fragments are
associated with the PDAL. A nonunion results from this injury,
which may be an incidental finding during later
examinations.

Localisation of pain at the proximal attachment site of the
PDAL as a contributor to the lameness was achieved by a
combination of perineural and intra-articular analgesia in

2

3

1

4

5

619/620
29 Hz1

Fig 4: Plantaromedial ultrasonograph of the proximal phalanx of
the left hindlimb (plantar to the left and dorsal to the right) in
Case 4. Key as for Figure 2. The avulsed bony fragments can be
seen adjacent to the plantaromedial aspect of the proximal
phalanx continuous with the PDAL.

LH

L1

L2

pony 2
needles lat

Fig 5: Lateromedial radiograph of a dissected limb. Radio-
opaque markers (23 G needles) indicate the proximal and distal
limits of the proximal attachment of the proximal digital annular
ligament on one side. A reference line (L1) connects the dorsal
and palmar/plantar eminences of the proximal phalanx and a
parallel line (L2) contacts the distal aspect of this bone.
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Case 1. It is expected that lameness in uncomplicated cases
of PDAL avulsion will show no or minimal improvement to
analgesia of the metatarsophalangeal joint or plantar digital
nerves at the level of the collateral cartilages of the foot
but substantial improvement to a uniaxial abaxial sesamoid
nerve block. The lameness improved only partially following
a uniaxial abaxial sesamoid nerve block in Case 1, despite
pain in the region of the proximal sesamoid bone and an
absence of radiographic and ultrasonographic abnormalities
other than those associated with the proximal attachment
of the PDAL. A likely explanation for this apparent
discrepancy is that the plantar digital nerve and/or dorsal
branch of the digital nerve (Schumacher et al. 2013) were
incompletely anaesthetised in this case. It is unknown
whether digital sheath analgesia would have improved the
lameness.

Our anatomical study has complemented the work by
Weaver et al. (1992) revealing significant differences
between the extent of the PDAL proximal attachments
between fore- and hindlimbs, and helping differentiate other
soft tissue attachments in the same region. These adjacent
structures include the deep part of the collateral ligaments of
the metacarpophalangeal/metatarsophalangeal joint and
the collateral sesamoidean ligaments of the proximal
sesamoid bones. Injury to these structures should be
considered as differential diagnoses for avulsions in this
region.

Radiography is the most effective imaging modality for
confirming a diagnosis of proximal PDAL avulsion because of
the characteristic location of bone fragments present either
unaxially or biaxially immediately distal to, but not associated
with, the metatarsophalangeal joint. A location distal to the
articular margin clearly indicates that the fragments are
extra-capsular to the metatarsophalangeal joint and
differentiates PDAL avulsion from articular plantar process
fractures of the proximal phalanx (Bukowiecki et al. 1986).

Other possible aetiologies for radiodense opacities in the
palmar/plantar aspect of the metatarsophalangeal joint and
proximal palmar/plantar pastern region include ununited
palmar/plantar process of the proximal phalanx (Grøndahl
1992) [described by Bukowiecki et al. (1986) as nonarticular
palmar/plantar process fractures] and tendon/ligament
mineralisation (O’Brien et al. 2012; Garvican et al. 2016). In
none of the cases was there a history of a wound or external
trauma. Radiography provided clear indication of the
fragments’ location with an associated defect in the
underlying bone and ultrasonography confirmed the injuries
as PDAL avulsions.

We hypothesise that the PDAL’s function is to act in a
similar fashion to the pulleys in the human digit which prevent
bowstringing and convey mechanical advantage (Benjamin
and Ralphs 1995). When the metatarsophalangeal joint
overextends under weightbearing load, the digital flexor
tendons are tensed against the PDAL. If this plantar
component of the loading in the tendon exceeds the
resistive capacity of the PDAL, then one of two injuries can
result. Either the bony attachment is avulsed or the substance
of the ligament is damaged but rarely both (Bukowiecki et al.
1987). Mid-substance damage is characterised by thickening
of the PDAL and would be consistent with cases described
previously associated with a constriction-like syndrome (Dik
et al. 1994), while the cases described here would be
representative of failure of the bony attachment.

It is notable that the five cases reported here involve
hindlimbs and the reported cases of PDAL constriction
involved forelimbs only (Dik et al. 1994, 1995). More cases are
required to confirm this pattern, but we suggest two possible
explanations. The first relates to the more rapid loading
recorded in metacarpophalangeal joints compared with
metatarsophalangeal joints (Back et al. 1995). In a review of
ex vivo studies, Lee and Hyman (2002) concluded that the
manifestation of knee ligament failure demonstrates some
rate dependence, with avulsion occurring preferentially at
lower strain rates and ligament failure predominating at
higher rates. A second explanation is that more extensive
attachments may favour avulsion instead of intrasubstance
injury (desmitis) in hindlimbs.

The PDAL is closely apposed to the superficial digital flexor
tendon and the overlying skin and so requires careful
ultrasonographic imaging to identify it in normal horses.
Coudry and Denoix (2013) report that the PDAL is about 0.3–
0.6 mm thick in the proximal pastern region and it appears
more visible ultrasonographically as it attaches to the
plantaromedial and plantarolateral aspects of the proximal
phalanx. In the cases reported here, no thickening was
noted, in contrast to the cases of PDAL constriction previously
reported (Dik et al. 1994, 1995) and in other cases seen by
the authors. There are other differences between the features
of PDAL constriction and the cases presented here. Cases of
PDAL constriction all had a history of chronic (12–14 month)
lameness, mild in nature and insidious in onset rather than an
association with a severe lameness of acute onset which
appears to resolve completely with rest (when
uncomplicated by other pathology). In addition, no bone or
joint changes were noted in the PDAL constriction cases
despite their chronicity (Dik et al. 1994, 1995).

The avulsion fragments in this study formed a nonunion in
spite of clinical improvement and soundness. Case 1
demonstrated persistence of a single large avulsion fragment
after 11 years, and yet the lameness resolved within
6 months. Therefore, it is not surprising to identify previously
avulsed attachments of the PDAL un-associated with
lameness (Cases 4 and 5). Case 2 was radiographed 4 weeks
after initial lameness where the radiographic changes were
notably different between the medial and lateral abaxial
borders of the proximal phalanx proximally. The medial
fragment had a smoother outline indicating chronicity and
suggesting that injury on this side had occurred much earlier
in the horse’s career. In cases with no other pathology, rest
and controlled exercise achieved soundness within 6 months,
although a shorter period may have been sufficient. Case 1
was field rested for 6 months. Case 2 was sound when
examined after 3 months, although controlled exercise was
continued for a further 3 months, which may have been
overly conservative management. The persistent severe
lameness in Case 3 was more likely attributable to the deep
digital flexor tendon lesion and its sequelae than the PDAL
pathology. In contrast, Dik et al. (1994, 1995) reported
persistent lameness in four cases of PDAL constriction, of
which two improved completely following desmotomy of the
PDAL.

Although avulsion of the proximal attachment of the
PDAL is an uncommon condition, it is important to recognise
the affected structure accurately to avoid unnecessary
arthroscopic examination of the metatarsophalangeal joints.
It should also be considered that PDAL avulsion may be an
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incidental radiographic finding and not necessarily a current
cause of lameness. Based on this limited number of cases,
this condition appears to affect the hindlimbs and occurs
either in isolation or in association with other soft tissue injuries
of the pastern. In uncomplicated cases, the condition carries
a favourable prognosis for return to previous level of
performance with conservative management.
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Clinical Commentary

The palmar/plantar aspect of the proximal phalanx – a site of a
variety of bone and soft tissue pathologies
J. D. C. Anderson

Rainbow Equine Hospital, Malton, North Yorkshire, UK
Corresponding author email: jonathan@rainbowequinehospital.co.uk

The palmar/plantar metacarpophalangeal/metatarsophalangeal
(MCP/MTP) region is one that can be associated with a variety
of both bone- and soft tissue-related pathologies (Schramme
and Smith 2003). Intra-articular and nonarticular plantar P1
osteochondral fragments are radiographically common, can
range in size and shape and can be incidental findings or have
been implicated as a source of chronic, low-grade lameness
and poor performance (Butler et al. 2017). An ununited palmar/
plantar process usually occurs laterally (Fig 1), either alone or
concurrently with a palmar/plantar OC fragment (Fig 2). These
can be articular or nonarticular and in some horses may
represent an avulsion fracture of the collateral ligament – in
which case they are usually associated with lameness (Butler
et al. 2017). Nonarticular basisesamoid bone fractures have
been implicated as a source of chronic and persistent lameness
(Brokken et al. 2008). Proximal digital annular ligament desmitis
has been reported in the forelimbs of horses as a cause of
chronic and persistent lameness (Dik et al. 1994, 1995), and
injuries of oblique and straight distal sesamoidean ligaments,
collateral ligaments of the MCP/MTP joint, the palmar/plantar
annular ligament and suspensory branches are all commonly
implicated in both fore- and hindlimb lameness.

The report in this current issue (O’Brien et al. 2018) describes
a further type of avulsion fracture associated with the proximal
P1 and the attachment of the proximal digital annular
ligament that may or may not be associated with lameness
and that resolves with rest. The proximal digital annular
ligament is a tight fibrous band extending from the lateral
palmar/plantar process of the proximal phalanx across the
palmar/plantar aspect of the digital tendon sheath to
the medial plantar/palmar process (Carnicer et al. 2013). The
palmar border of the ligament is intimately associated with the
distal palmar/plantar aspect of the digital tendon sheath. On
the abaxial margin of the ligament on both medial and lateral
sides, the ligaments extend in an oblique fashion to attach
onto the palmar/plantar process of proximal P1 forming the
proximal attachment of the ligament. Beneath the thin and
narrow proximal attachment, the oblique sesamoidean tissue
runs as a separate and distinct structure (Figs 3 and 4).

Bone-related pathology in the palmar/plantar aspect of
proximal P1 is readily evident radiographically, although the
underlying cause (traumatic or developmental) of such
pathology may be unclear in some cases in which lameness
has not been a feature. Thus, aetiology is often based on
radiographic and clinical presentation. Whilst there is logic in
assuming cause based on these parameters, nonetheless
there is a need to retain an open mind when it comes to
determine what may be underlying such obvious
radiographic findings. Whilst osteochondrosis has been
traditionally implicated as the cause of such fragmentation in
the case of plantar osteochondral fragmentation (Foerner
et al. 1987; Nixon 1990), no histological findings indicative of

osteochondrosis were seen in any of the fragments removed
following arthroscopic removal in 21 horses (Dalin et al. 1993).
It was hypothesised that plantar osteochondral fragments are
the result of outwardly rotated hindlimb axes and subsequent
point loading in the medial fetlock area (Dalin et al. 1993).

Given their attachment to the short sesamoidean
ligaments, repeated high tension loads may cause
fragmentation of tissue with osteogenic properties to come
off the proximal phalanx into the ligament, that subsequently
form osteochondral fragments (Dalin et al. 1993). This avulsion
theory has been further substantiated by the findings of
nonarticular base sesamoid fragments which have a similar
resemblance to the reported avulsion fractures described in
this case series (Brokken et al. 2008). Proposed aetiologies in
such cases included an osteochondritic process or old
avulsion fractures; however, given their location deep to the
SDSL, an avulsion was considered most likely (Brokken et al.
2008). This has similarities to the present series in which the
aetiology of the fragments is assumed to be avulsions of the
PDAL and given their extra-articular position and intimate
association with the plantar/palmar process, is most likely. As
described by O’Brien et al. (2018), fragments were often
round and smoothly marginated as distinct separate osseous
bodies leaving a defect in the parent bone. Histological
examination of the fragments in this case series was not
performed to determine the presence of osteochondritic
characteristics that may underline a different aetiology to the
traumatic/avulsion one.

In the report by O’Brien et al. (2018), it is surprising that
failure occurs at the bone to bone interface as opposed to
failure at the tendon ligamentous interface as the PDAL
proximal attachment is a thin unsubstantial piece of tissue
that would not appear to provide much structural support to
the plantar MCT/MCP region. As the authors state in their
discussion, this overloading would either result in bony
attachment avulsion or ligamentous damage resulting in
tearing of the attachment of the ligament. It is interesting
that no cases therefore indicate both injuries and only one of
the cases present with biaxial avulsions. The PDALs orientation
horizontally relative to the palmar process of P1 means that
forces occurring in an overstrain scenario in which the MCP/
MTP joint hyperextends will not be directly placed through the
ligament’s proximal attachment unless there is an obliquely
orientated force as would occur in a torsional or rotational
injury – so-called ‘foot in rabbit hole’ injury. This is perhaps
why only one of the cases presents with biaxial avulsion
fragments which would indicate a direct hyperextension
force through the MTP/MCP region.

Proximal digital annular ligament desmitis has been
associated with persistent forelimb lameness and
enlargement of the PDAL with associated constriction is a
common sequelae (Dik et al. 1994, 1995; Albanese et al.
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2014). These features were not recognised in the hindlimb
cases presented in this case series in which lameness was
only seen in the acute stages of injury and in three cases, the
findings of the osseous fragment was incidental. This suggests
that it is the presence of pathology in the ligament that
results in lameness. Persistent lameness was also a common
feature of the nonarticular base sesamoid fragments in which
there is associated soft tissue damage to the SDSL and
therefore until removal of the fragment sufficient healing of
the affected region could not be achieved (Brokken et al.
2008). More aggressive surgical approaches to remove such
fragments resulted in significant soft tissue disruption and were
associated with a guarded to poor prognosis for return to
soundness calling into question the need to remove the
fragments in the first place. A less invasive approach resulted
in a better outcome which indicates that it is the degree of
soft tissue damage that determines the long-term soundness
as opposed to the presence or removal of the bony
fragment (Brokken et al. 2008). There is no documentation of
pathology associated with the PDAL in any of the cases
presented in this series suggesting that the absence of
ligamentous damage is the reason for the lack of persistent
lameness. In the current case series, (O’Brien et al. 2018)
there was one case (Case 4) where the proximal attachment
of the PDA was not enlarged – and in the other cases, there
were no soft tissue abnormalities detected associated with
the PDAL; thus, substantiating the conclusion that as long as
there is no soft tissue pathology associated with the
fragmentation, then persistent lameness should not be a

feature. Given the nonarticular nature of the fragmentation
and the lack of soft tissue damage associated with the
pathology, this is perhaps not unsurprising.

In only one of two cases reported by O’Brien et al. (2018)
in which the PDAL avulsion was the sole source of lameness
was the pathology blocked. It would be expected that an
abaxial sesamoid nerve block would be sufficient to abolish
pathology at this site; however, it took a lateralised low four-
point nerve block to abolish lameness.

R

Fig 2: Lateral radiograph of the metatarsophalangeal joint
demonstrating a small osseous body emanating from the proximal
plantar aspect of proximal P1. Note the fragment bed on proximal
P1. These fragments are often clinically silent but can result in
effusion and mild lameness necessitating their removal. [Correction
added on 31 Jan 2018, after first online publication: Figures 1 and 2's
captions were incorrectly switched and are updated in this version.]

Fig 3: Lateral dissection of the metatarsophalangeal region
showing the intimate relationship between the proximal
attachment of the plantar digital annular ligament (blue), the
lateral oblique sesmoidean ligament (red) and the plantar annular
ligaments (PAL) (green). Note the foot is to the left of the picture.

Fig 1: Dorso-lateral plantaro-medial oblique of the
metatarsophalangeal joint showing a chronic nonarticular united
lateral plantar P1 osteochondral fragment in a 12-year-old Grand
Prix showjumper. The owner of the horse had also bred him, and
there was no history of lameness at any point.
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Failure of the lower limb blocks, inadequate local
anaesthetic deposition or a different source of the pain
proximal to the site of the diagnosed injury are all possible
explanations for this to happen. Ultrasound and radiography
may not have detected pathology associated with the
plantar aspect of the distal metacondyles, or suspensory
branch insertion on the affected side leading to the possibility
that the failure to block the diagnosed pathology was
because it was not the source of lameness. Given the
experience of the other instances in which PDAL avulsions
were incidental findings, advanced imaging of the region may
help to differentiate incidental findings from those resulting in
clinical symptoms. But a positive response to blocking should
be expected as outlined by the discussion in the report.

Recognition of any of the pathologies in this region
involves a combination of careful palpation of the fetlock
region for any evidence of thickening of the soft tissues, focal
pain on palpation in conjunction with perineural analgesia of
the affected side and appropriate imaging of the region
(O’Brien et al. 2018). Because of their intimate association
with the DTS and the palmar/plantar MCP/MTP joint capsules,
effusion of these structures may be present as seen in Case 1
– and may be more likely if it is the primary cause of
lameness. This is in contrast to the incidental PDAL avulsions
which are not associated with effusion of DTS or MCP/MTP
joints. O’Brien et al. comment about the transient nature of
lameness that may result from PDAL avulsions; however, this
was a feature in the absence of any other pathologies in
only two cases making it difficult to formulate meaningful
conclusions about typical presentations, frequency
and duration of lameness. Given the incidental nature of
the avulsion fragments seen in the other three cases, the
possibility that there was another underlying cause for the
lameness seen in the first two cases cannot be ruled out. It is
surprising that there was no soft tissue disruption associated
with the avulsions in these two cases. Advanced imaging
such as MRI would help to confirm further the accuracy of
the diagnosis as the definitive cause of the lameness as one
would perhaps expect changes indicative of inflammation
within the parent bone if the fragmentation was acute and
(Cohen et al. 2008) the cause of the clinical signs.

O’Brien et al. (2018) correctly point out in their discussion
that it is important that such fragmentation is not confused

with nonarticular plantar/palmar process fractures or
mineralisation of the ligamentous structures in the region.
Palmar/plantar process fractures and osteochondral
fragments are located more proximally on the palmar/
plantar aspect of P1. The use of ultrasound in these cases
clearly enables differentiation of mineralisation vs. PDAL
avulsions with a nice example of the different ligamentous
anatomy and its association with the avulsed fragment
included in the report. Ultrasound of the palmar/plantar soft
tissue structures of the MCP/MTP distally can be successfully
performed with a linear 7.5 MHz probe. The author also uses a
3.5 Mz curvilinear micro convex probe especially to evaluate
the oblique sesamoidean ligaments, collateral ligaments of
the MCP/MTP joints and both PAL and PDAL. The importance
of accurate and thorough ultrasonographic examination in
this region has been highlighted by this report and is essential
as a way of differentiating important causes of pathology
that are more likely to result in persistent lameness vs. that
which likely will not give any cause for longer-term concern. If
no soft tissue pathology is identified then in a chronic
persistent lameness presentation, the avulsion fragment is
unlikely to be the source of lameness and further investigation
of the lameness is warranted. If soft tissue pathology is
identified (e.g. affecting the substance of the PDAL or
surrounding soft tissues), then appropriate management steps
should be adopted as this is the likely source of the lameness.

A natural assumption regarding isolated bone fragments
evident radiographically in this region is that without fragment
removal return to soundness is unlikely. The long-term follow-up
seen in three cases in which the presence of the fragment
was incidental substantiates the opposite in these cases.
Horses with proximal plantar OC fragments of proximal P1 –
most common in Standardbred horses – present with minimal
to no lameness. When present lameness is only observed at
high speed, is not associated with effusion of the MCP/MTP
joint and results in poor performance particularly on the turns
(Simon et al. 2004). Fragment removal is therefore only
necessary in horses in which lameness or poor performance
has been isolated to this region through diagnostic analgesia.
The case has been clearly made for a conservative approach
to such avulsion fragments in which there is no concurrent
persisting enlargement of the proximal attachment of the
PDAL and therefore no associated lameness (O’Brien et al.
2018). In the two cases in which the avulsion was the sole
finding, conservative therapy was successful in returning the
horses to soundness; however, in other cases, coexisting
pathology determined the outcome of success. Thus,
conclusions regarding the overall success of conservative
management of such cases are based on the assumption
that ongoing issues are due to the concurrent pathology and
not the PDAL avulsion. There is some basis for that given that
removal of the OC fragment in the dorsal aspect of the MCT
joint in Case 4 resulted in resolution of lameness and that the
presence of the fragments in Case 1 was seen 11 years
following injury despite lameness resolving after 6 months. In
addition, the lack of response to blocking of the lower limb in
Case 5 provides some indication that such fragments are not
causing lameness – although the horse remained lame and
the assumption was made that this related to the proximal
suspensory desmitis and not the presence of fragmentation
(O’Brien et al. 2018). However, in this case series, there is only
one horse managed conservatively in which this was the sole
injury. One should be careful, therefore, about extrapolating

Fig 4: Plantarolateral view of dissected MTP region showing the
relationship between the proximal attachment of the plantar
digital annular ligament (blue), the lateral oblique sesmoidean
ligament (red) and the plantar annular ligament (PAL) (green).
Note the space between the PDAL and lateral oblique
sesmoidean ligament demonstrated by the zip tie being placed
underneath the PDAL and on top of the LOSL. Note the foot is to
the left.
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failure of removal of the fragment of bone to resolve the
lameness in one case (as seen in Case 3) as conclusive
evidence that removal of the fragment is an inappropriate
treatment modality. The existence of apparently incidental
avulsions in three of the cases provides more conclusive
evidence that such fragments can remain in situ without
causing long-term lameness. However, different disciplines
may result in different degrees of strain to the region – the
actual vs. the expected level of competitive work in the cases
presented is not known or has not been long enough post
injury to be achieved. Therefore, it is not known how much, if
any, an effect of increased performance may have on
outcome when conservatively treated. Proximal plantar P1
fragments are only known as a source of poor performance or
lameness at high speeds and the same may be the case for
the cases presented in this case series. In the case in which
there was removal of the fragment, the resulting lameness
was almost certainly due to the significant associated
pathology of the DDFT and therefore surgical success to
resolve any lameness that may have been associated with
this case would not be possible to determine. Thus, the
removal of the fragment and subsequent persistent lameness
rightly should not be deemed a failure of this approach to
resolve the PDAL issue. And, it remains a possibility that
removal is necessary if it is shown to result in low-grade
lameness in upper levels of expected performance.

It is surprising given the close proximity of the digital
tendon sheath and its contents to the PDAL that associated
soft tissue injuries are not more common. With avulsion
fragments dissociating from the plantar/palmar aspect of P1,
one might expect significant pathology associated with the
PDAL and oblique sesamoidean ligaments. Whilst in the cases
presented no intrasubstance pathology of the PDAL proximal
attachment was evident, the presence of concurrent injury
should always still be evaluated. Intrasubstance pathology
associated with the PDAL fails to resolve with rest (Dik et al.
1995; Albanese et al. 2014) and if it is a feature of the
avulsion fragments seen in such cases, then resolution of
lameness is unlikely to occur without surgical transection of
the ligament concerned (Albanese et al. 2014). This
underlines the importance of ultrasonographic as well as
radiographic examination of the affected region. Should
desmitis of the PDAL be a part of the avulsion then based on
the sequelae of what has been reported in forelimb PDAL
surgery may be appropriate. A minimally invasive approach
to perform desmotomy was recently reported (Albanese
et al. 2014). A medial or lateral approach between the
palmar/plantar annular ligament and the PDAL is described
with care to avoid damage to the SDFT and DDFT and
neuromuscular bundle given their close proximity. That being
said, given the more palmar/plantar location of the avulsed
fragment and thereby a resultant decrease in tension of the
affected PDAL, a constriction-like syndrome may be unlikely
to develop in avulsion cases thus obviating the need for
surgical intervention.

In conclusion, the series presented in this issue by O’Brien
et al. provides helpful recommendations when it comes to
management of those cases in which lameness is seen as a
feature; lameness is acute in nature, transient and resolves.
Ultrasound of the region is essential to differentiate coexisting
pathology especially of the soft tissues that will determine the
longer-term resolution of lameness. In addition, in the situation
in which lameness has been localised to the distal limb and

subsequent radiograph reveals such avulsion fragments, other
reasons for lameness should be determined as this lesion should
not be assumed to be a persistent source of lameness. A
combination of appropriate unilateralised blocking of the
region in conjunction with careful ultrasonographic
examination of the MCP/MTP region is essential to ensure that a
chronic avulsion fragment is not wrongly attributed as the
cause of the lameness. In a prepurchase examination
scenario, there is evidence presented in this case series that
such fragmentation appears to present no long-term issues.
This, however, is based on 11-year follow-up on only one case
and the absence of lameness following addressing of
coexistent pathology in the limb in another three cases. There
may be pressure to remove the affected fragment to improve
the look of the radiograph and to help the sale of the horses.
This report would suggest such removal is unnecessary;
however, greater numbers of cases with long-term follow-up
are needed to be definitive in that conclusion. Removal in such
cases, whilst perhaps unnecessary, cannot be deemed to be
detrimental based on the one case in which this approach was
taken given the concurrent serious pathology associated with
the limb that resulted in the failure of lameness resolution.
Given the number of surgical authors included on this report, it
is astonishing (and commendable!) that the nonsurgical
approach was adopted in all but one case with a fair
conclusion reported in these cases ‘to cut is not to cure’! This
report has provided a helpful contribution to understand the
presentation, diagnosis and clinical outcome of a lesion that
has the potential to be incorrectly blamed for chronic
lameness.
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Surgical excision of large melanocytic tumours in grey horses: 38
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Summary
Melanocytic tumours are common in grey horses. Large
tumours can obstruct the rectum, or prepuce, inhibit food
intake and impinge upon the upper airway. Surgical excision
is locally curative, but is controversial for large or confluent
tumours. Limited information on outcome following surgical
excision of large melanomas is available. The objective of
this study was to report outcome following surgical excision of
large (≥4 cm) melanocytic tumours in horses. Our hypothesis
was that surgical excision of large (≥4 cm) single and
coalescing melanomas would be locally curative. Medical
records were reviewed and cases that underwent excision of
a single or coalescing melanoma, with at least one lesion
≥4 cm in diameter, included. Follow-up information was
obtained a minimum of 12 months post-surgery from owners
and referring veterinarians via telephone interviews,
questionnaire, or direct examination. A total of 48 cases were
identified; 38 horses with follow-up were included in the study.
Tumours involved the parotid, perianal or mid-cervical
regions, ventral tail base, prepuce, penis, ear, or thoracic
inlet. There were no cases of tumour regrowth following
excision. Post-operative complications occurred in five cases
and were easily resolved in all but one. Continued or new
growth of distant melanocytic tumours occurred in 50% of
cases. Results suggest that excision of large melanocytic
tumours in horses is a viable treatment option that is locally
curative with minimal complications.

Introduction

Melanocytic tumours comprise up to 30% of equine neoplasia
(Sundberg et al. 1977) and up to 80% of aged, grey horses
will develop melanocytic tumours (MacFadyean 1933). Based
on histopathology and clinical features, four types of
melanocytic tumours have been described in horses
(Valentine 1995): 1) melanocytic nevi, 2) dermal melanoma,
3) dermal melanomatosis and 4) anaplastic malignant
melanoma. Clinical features alone are used to distinguish
dermal melanoma and dermal melanomatosis; dermal
melanomatosis is defined as coalescing dermal melanomas
(Knottenbelt 2016). Melanocytic tumours are generally firm
nodules that are heavily pigmented and occur most
commonly in the perineal region, ventral tail and prepuce
(Valentine 1995).

Smaller melanocytic tumours typically cause no clinical
signs. Larger tumours may obstruct the rectum or prepuce

and parotid melanomas can prevent neck flexion, or impinge
upon the upper airway (Rowe and Sullins 2004; Moore et al.
2013). Necrosis of the tumour and overlying skin may result in
substantial open wounds with a tarry black discharge and
bleeding (Moore et al. 2013).

Reported treatments include surgical excision (Rowe and
Sullins 2004), chemotherapy (Hewes and Sullins 2006),
electrochemotherapy (Spugnin et al. 2011), cimetidine
(Goetz et al. 1990), cryonecrosis (Theon et al. 2007) and
immunotherapy (M€uller et al. 2011). Excision is reported to be
curative for melanocytic nevi and dermal melanoma, but is a
controversial option for treatment of dermal melanomatosis
(Valentine 1995). Some have suggested that surgical excision
of large tumours is unrewarding (Moore et al. 2013). Excision
of dermal melanomas plus adjunctive chemotherapy has
been reported, with no recurrence seen; however, tumour
size was not considered (Hewes and Sullins 2006).

The objective of this study was to report outcome
following surgical excision of large (≥4 cm) melanocytic
tumours in horses. Our hypothesis was that surgical excision of
large (≥4 cm) single and coalescing melanomas would be
locally curative referring only to the removed lesions.

Materials and methods

Inclusion criteria for cases
Medical records of the Marion DuPont Scott Equine Medical
Centre between 2001 and 2013 were reviewed to identify
horses with a diagnosis of melanocytic tumours. Cases were
included if the tumour was surgically resected and classified
as a melanocytic tumour based on signalment, location and
gross appearance or as dermal melanoma based on
histopathology. Furthermore, at least one of the tumours
resected had to be ≥4 cm in diameter. Some cases had
multiple tumours but only those that were enlarging,
ulcerated or posing present or probable future clinical
problems were removed.

Procedures

Surgery was performed by one board certified surgeon (K.S.)
with cases either standing or under general anaesthesia
depending on the location and size of the tumour. Standing
cases were sedated, restrained in stocks and local and/or
regional anaesthesia administered. Conventional surgical
instruments and/or a carbon dioxide (CO2) laser were used to
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excise the lesions. Biodegradable cisplatin-impregnated
beads1 were implanted into visible surrounding tumour when
present or where clear margins were not grossly obvious.
Individual tumours were completely removed; rarely was it
not possible to reach the entire margin. Smaller, relevant
secondary tumours were ablated with the CO2 laser when
warranted. Surgical sites were closed primarily where possible,
but otherwise were allowed to heal by second intention.
Tumours were submitted for histopathology when clinical
features were atypical or resection margins suspected to be
incomplete. Perioperative phenylbutazone (ButaJect2 2.2–4.4
mg/kg bwt i.v.), penicillin (Penject2 22 mg/kg bwt i.m.)
and gentamicin (GentaFuse2 6.6 mg/kg bwt i.v.) were
administered.

Follow-up information was obtained a minimum of
12 months post-surgery from owners and referring veterinarians
via telephone interviews, a questionnaire, or direct
examination. Information included surgical site status (healing,
complications and/or tumour recurrence) and increase in size
or development of new distant melanocytic tumours. Any
cases with questionable tumour growth were re-examined by
the authors and surgical sites were compared with
preoperative photographic records. If follow-up information
was not available, cases were excluded.

Results

A total of 48 horses fulfilled inclusion criteria. However, follow-
up was unavailable for 10 horses so these cases were
excluded from analysis. Of the 38 horses with complete
follow-up, ages ranged from 9 to 28 years (mean 19.4;
median 13.5) and there were 15 mares and 23 geldings.
Breeds included 14 Thoroughbreds, six Welsh, five Quarter
Horses, three Warmbloods, two Arabians, two Irish Sport
Horses, two Lusitanos, one Percheron, one Missouri Fox Trotter,
one Paint horse and one Connemara (Table 1).

Follow-up ranged from 12 to 163 months (mean 39 months,
median 27 months). Nine cases died or were subjected to
euthanasia during the follow-up period. Causes of death
included colic (n = 2), laminitis (n = 1), liver failure (n = 1),
neurological disease (n = 1) and unknown (n = 4).

Tumours were located in the perianal (n = 14), parotid
(n = 5), or mid-cervical regions (n = 2), ventral tail base (n = 4),
prepuce (n = 3) or other (penis [n = 1], thoracic inlet [n = 1] or
ear canal [n = 1]). An additional seven horses had a primary
tumour spanning the perianal and ventral tail base region.
Tumour size ranged from 4 to 20 cm in diameter (mean
6.75 cm, median 6 cm). A total of 28 cases had presumed
melanocytic tumours at distant sites, which were not treated.
The distant locations of these masses included lips, prepuce,
tail base, cervical region, eyelids, vulva and perianal region.
Cisplatin beads were implanted in adjacent tissue in 10 cases
and CO2 laser excision used in 25 cases (Table 1). Primary
tumour location of the 10 excluded cases was the perianal
and/or tail base region (n = 4), parotid region (n = 2), prepuce
(n = 1), lip (n = 1), flank (n = 1) and masseter muscle (n = 1)
and mean tumour size was 6.70 cm.

Histopathology confirmed the diagnosis in eight cases, all
of which were classified as well differentiated benign dermal
melanoma. Tumours were described as containing spindyloid
to polygonal cells containing melanin pigment. The nuclei
were mildly pleomorphic, with small nucleoli and rare mitotic
figures.

There was no tumour growth at the site of primary
excision. A total of 19 cases had either enlargement of pre-
existing distant tumours, or new tumour development at
distant sites and four horses had treatment of pre-existing
distant melanocytic tumours during the follow-up period. No
horse that died was suspected to have internal
melanomatosis; however, necropsy examination was only
performed in one case.

Post-operative complications occurred in five cases. Three
parotid melanoma cases had spontaneously resolving
seroma or saliva accumulation. One case of parotid
melanoma developed a permanent unilateral facial nerve
paralysis 1 day post-operatively. One perianal melanoma
case developed mild impaction colic 3 days after standing
surgery that was successfully managed with medical therapy.

Discussion

The results of this study support the hypothesis that surgical
excision of large (≥4 cm) single and coalescing melanocytic
tumours is locally curative of the excised tumours. The term
locally curative was used to imply resolution of the primary
tumour removed and does not account for nearby or distant
masses. Whilst the minimum follow-up time was 12 months,
the range (up to 13.5 years) and mean (over 3 years) are
much longer and the authors consider this an adequate time
frame for evaluation of recurrence. Minimal complications
were encountered and there were no cases of tumour
regrowth at the surgical site. As might be expected, there
was continued expansion of other distant tumours and some
new tumours at remote sites, but no sudden change was
noted in tumour development in any case.

Dermal melanoma and dermal melanomatosis share
common histopathology and are distinguished by clinical
features alone (Knottenbelt 2016). Dermal melanoma
presents as a single or a few individual tumours (Fig 1),
whereas dermal melanomatosis is characterised by multiple
or confluent lesions (Fig 2). These tumours are usually located
at the intradermal and/or subcutaneous level and have
variably well defined margins (Knottenbelt 2015). Histology is
not predictive of tumour dissemination (MacGillivray et al.
2002) and it is generally accepted that the diagnosis of
melanocytic tumours in horses can be reliably made from
gross appearance and signalment (Knottenbelt 2016).

Cisplatin (cis-diamminedichloroplatinum) is a broad-
spectrum alkylating antineoplastic drug used widely in the
local treatment of solid tumours in horses (Theon et al. 2007).
No detrimental effects on wound healing have been
reported (Theon et al. 2007). In this series, biodegradable
cisplatin beads (1.6 mg cisplatin/bead)1 were used in 10
cases as previously described (Hewes and Sullins 2006).
Masses were typically well demarcated and dissected
readily. Cisplatin beads were placed into tumour beds when
complete excision was not possible (assessed visually by
presence of black tissue), or when other melanocytic tumours
were located close to the resection margins. Beads were
placed at 1.5–2 cm intervals to provide adequate drug
concentration across the lesion. Intratumoural cisplatin has
been recommended as a series of four treatments at 2-week
intervals, either with or without surgical debulking (Theon
et al. 2007). Using this protocol, the reported cure rate for
equine melanomas is 81% (Theon et al. 2007). Whilst not used
as a preoperative therapy in this case series, intratumoural
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cisplatin may be beneficial in some cases to reduce tumour
size before surgical excision, especially in high risk areas such
as the parotid salivary gland. However, the authors have
anecdotally not observed consistent substantial reduction of
large lesions implanted with cisplatin beads.

A CO2 laser was used in 18 of the perianal and tail base
melanocytic tumour cases. The CO2 laser energy is highly
absorbed by water, allowing precise dissection and
vaporisation of tissue at the incisional margin with minimal
haemorrhage and co-morbidity (Palmer 2002). Coagulation
of small vessels, nerves and lymphatic vessels by the laser
results in less intraoperative haemorrhage and post-operative
oedema and less pain when compared with conventional
sharp excision (Sullins 2012). In human medicine, the
harmonic scalpel has been used extensively as an alternative
to laser energy for haemostasis. This device uses
piezoelectrical crystals to convert ultrasonic energy into
mechanical energy causing protein denaturation; resulting in
haemostasis with minimal heat generation (Sinha and
Gallagher 2003). This device has been shown to produce

good haemostasis with less tissue coagulation and
inflammation than the CO2 laser (Sinha and Gallagher 2003).
The specific anti-tumour effect/benefit of the CO2 laser was
not evaluated in this study; however, the authors consider
that the main benefit is a clean surgical field with reduced
haemorrhage compared with sharp dissection. Therefore, the
harmonic scalpel may be a suitable alternative to the CO2

laser for tumour dissection.
In a study of 53 cases of equine melanocytic tumours,

there was a trend for ‘benign’ behaviour in tumours less than
4 cm in diameter (Valentine 1995). However, there is no
evidence of a correlation between size and biological
behaviour in equine melanocytic tumours. In this study, all
tumours were greater than 4 cm in diameter. There are no
reported successful treatments for advanced and
disseminated stages of equine melanocytic tumours. Surgical
excision has been stated as best suited to tumours <3 cm in
diameter (Goetz and Long 1993). It has been the authors’
experience that even large or confluent tumours can be
resected with good results (Fig 3). In the current study, all

TABLE 1: Signalment, location of primary tumour, size of primary tumour (cm) and treatment method performed of all included cases

Case Age Breed Sex
Primary tumour
location

Diameter of primary
tumour (cm) Treatment

1 15 QH G Ear 10 CSE, PCT
2 20 Percheron G Mid-cervical 7 CSE, PCT
3 16 ISH G Mid-cervical 15 LSE, PCT
4 15 TB M Parotid 12 CSE
5 23 TB G Parotid 8 CSE, PCT
6 15 TB G Parotid 5 CSE
7 9 WB M Parotid 4 CSE
8 18 Arab G Parotid 5 LSE
9 25 Welsh M Penis 5 LSE
10 18 TB G Perianal 4 LSE
11 16 TB G Perianal 4 LSE, PCT
12 22 TB G Perianal 6 CSE
13 25 TB G Perianal 6 LSE
14 21 Connemara M Perianal 6 LSE
15 25 TB M Perianal 5 LSE
16 23 Welsh M Perianal 6 LSE
17 20 QH G Perianal 4 LSE, PCT
18 21 TB M Perianal 10 LSE
19 28 TB G Perianal 4 CSE
20 28 TB G Perianal 4 CSE
21 26 TB M Perianal 6 LSE
22 20 Paint G Perianal 8 LSE, PCT
23 14 Lusitano G Perianal 10 LSE
24 24 QH M Perianal, tail base 5 LSE
25 26 Welsh M Perianal, tail base 4 LSE, PCT
26 18 QH G Perianal, tail base 4 LSE, PCT
27 20 WB G Perianal, tail base 8 CSE
28 14 Welsh G Perianal, tail base 4 LSE
29 17 ISH G Perianal, tail base 5 LSE
30 17 TB G Perianal, tail base 6 LSE
31 15 MOFT M Tail base 6 LSE
32 23 WB G Prepuce 8 LSE
33 16 Welsh G Prepuce 5 LSE, PCT
34 22 Arab G Prepuce 4 LSE
35 16 QH G Tail base 7 CSE
36 17 Welsh M Tail base 12 LSE
37 18 Lusitano M Tail base 20 CSE
38 12 TB M Thoracic inlet 4.5 CSE

CSE, conventional surgical excision; LSE, CO2, laser assisted surgical excision; PCT, perioperative cisplatin treatment; M, mare; G,
gelding; TB, Thoroughbred; WB, Warmblood; QH, Quarter Horse; ISH, Irish sport horse.
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cases had at least one tumour that was ≥4 cm in diameter.
Many of the perianal lesions were extensive and confluent,
requiring large areas of resection. Primary closure was not
possible in most perianal tumour cases (Fig 3). In some cases,
rectal mucosa was sutured to surrounding fascia and/or
vulvar reconstruction performed. One horse that had perianal
melanocytic tumours removed standing, developed mild

impaction colic 3 days after surgery. This colic episode
resolved uneventfully with medical treatment. Preventative
measures such as dietary modification and perioperative
mineral oil administration can prevent this potential
complication and are now implemented in all cases that
undergo significant perirectal dissection.

Parotid region lesions were the primary tumour in five (13%)
cases in this study. The incidence of parotid melanocytic
tumours varies in the literature, occurring in 6% (Valentine
1995) to 18% (Pascoe and Summers 1981) of horses with
melanocytic tumours. The parotid region includes the parotid
salivary gland, parotid lymph nodes and mandibular salivary
gland (Budras et al. 2009). These structures are closely
associated with important neurovascular structures. Tumours in
this region can compress the nasopharynx and larynx causing
respiratory obstruction or compress nerves leading to facial
paralysis or dysphagia (Fintl and Dixon 2001). One horse in the
current study developed a permanent ipsilateral facial nerve
paralysis 1 day after excision of a parotid melanocytic
tumour; likely secondary to nerve damage during surgical
dissection. A large mass significantly alters normal dissection of
structures in the upper parotid region. With recent advances
in diagnostic imaging, the preoperative use of computed
tomography (CT) or magnetic resonance imaging (MRI) may
assist in surgical planning. The CT appearance of melanoma
tissue in horses has been recently described (Dixon et al.
2016). These masses are typically well demarcated,
homogenous areas of hyperattenuation, plus or minus
hypoattenuating or mineral attenuating regions centrally. In
this case series, CT identified a greater extent of melanomas
than expected based on pre-CT examination, with a total of
216 masses seen in 13 horses. The lesions were most frequently

a)

b)

Fig 1: a) Preoperative image of a large, necrotic ventral tail
dermal melanoma and b) Post-operative image of lesion
9 months later.

Fig 2: Preoperative image of a horse with perianal dermal
melanomatosis. Other dermal melanomas are present on the
ventral tail.
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in the parotid salivary gland, guttural pouches and
surrounding the larynx and pharynx. In one case, post-contrast
CT allowed a detailed assessment of local vasculature for
presurgical planning. Computed tomographic examination
for horses with melanomas in the head region may be useful
for determining surgical approach and prognosis.

Only one of the nine cases that died during the follow-up
period underwent necropsy examination and no evidence of
internal melanomatosis was found. This makes it difficult to
conclude that there was no evidence of internal
melanomatosis in this case series. However, if there had
been, there is no evidence to suggest that it would have
been associated with resection of distant lesions. Whilst the
term ‘metastatic’ has been used in the literature
(MacGillivray et al. 2002), the authors consider the term
‘disseminated’ to be more appropriate in cases of
multicentric, or internal melanomatosis in horses, since a
primary tumour cannot be identified. There have been
multiple case reports describing examples of multicentric
melanoma in horses, primarily in older, grey horses, located in
the third phalanx (Kunze et al. 1986; Honnas et al. 1990; Floyd
2003), thoracic inlet (Murray et al. 1997; Nannarone et al. 2014),
mammary gland (MacEachern et al. 2001) and associatedwith
vertebrae (Kirker-Head et al. 1985). MacGillivray et al. (2002)
described the clinical and pathological findings in 14 horses
with ‘metastatic’ melanoma. A total of 64% of cases had
masses associated with blood vessels, regional lymph nodes or
both and 43% had melanocytes within alveolar capillaries.
These horses typically had multiple dermal melanomas, with
over 79% having tumours in the perianal, or ventral tail region.
Further investigation is required to establish an accurate
prediction of which cases have or may develop disseminated
or internal melanomas. It is important to note that this case series
addressed problematic local lesions. Although no post-
operative distant or systemic effects were observed, no
prediction should be made and this was conveyed to owners
preoperatively.

Not all melanocytic tumours require excision. Factors
affecting the decision for surgery include rate of growth of
the lesions, age of the horse, presence of necrosis/infection,
functional compromise and potential future complications. In
this case series there were many cases in which a primary
tumour was excised with other tumours left in situ. Many of
these tumours continued to grow, but many also never
became large enough to cause a clinical problem. Whilst this
case series demonstrates that even large tumours can be
successfully excised, it is advisable to remove tumours in
potentially problematic areas before they become large
enough to cause a clinical problem.

Results of the present series suggest that excision of large
melanocytic tumours in horses is a viable treatment option
that is locally curative with minimal complications.
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c)

Fig 3: a) The melanomas removed from the perianal region of
the horse in Figure 2. The upper right mass was internal perirectal
and not connected to skin, b) One month post-operative image
of lesion and c) Post-operative image of lesion 5.5 months later.
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Summary
Periorbital sarcoids are a common condition in the horse and
are difficult to treat due to their location and invasive nature.
Radiotherapy is considered the gold standard treatment, and
high dose rate brachytherapy (HDRB) may represent a safer
and more effective method of delivering radiotherapy in the
standing sedated horse. The objective of this retrospective
clinical case series study was to describe the response rate
and safety of HDRB for the treatment of periorbital sarcoids in
the horse. Horses and ponies referred for HDRB treatment of
confirmed periorbital sarcoids were eligible for inclusion in
the study. Sarcoids were confirmed via clinical diagnosis and
biopsy. Horses were given 2 fractions of 12.5 Gy per fraction,
delivered a week apart, under standing sedation via a novel
HDRB technique. Eight horses with periorbital sarcoids were
treated with HDRB under standing sedation. A complete
response occurred in all cases. No significant acute adverse
effects were noted after treatment and the cosmetic result
was excellent, with permanent epilation and leucotrichia the
only long-term sequelae. Follow-up was available for
between 10 and 12 months after treatment. The major
limitation of this study is the lack of long-term follow-up and
the small case numbers. It was concluded that HDRB appears
to be an effective and safe method of treating periorbital
sarcoids in the horse. Long-term follow-up is required to
determine the risk of recurrence of treated lesions.

Introduction

Sarcoids are a common clinical condition in the horse with
the owner-reported frequency in the general horse
population reported as 5.8% (Ireland et al. 2013). A wide
range of treatment modalities are commonly used in the
treatment of the equine sarcoid, with no single treatment
considered suitable for all sarcoid lesions. Periorbital sarcoids
present a particular clinical challenge, as they are often not
amenable to surgical resection or treatment with topical
agents, and appear to have a more invasive nature than
sarcoids located in other regions (Knottenbelt and Kelly 2000).

Brachytherapy is the delivery of radiation therapy using
sealed sources that are placed as close as possible to the site
to be treated. The major advantage of brachytherapy
techniques compared to other forms of radiation therapy lies in
the physics of dose distribution: there is a high concentration
around the source and rapid fall off away from the source,
giving a high dose to the region to be treated, but a negligible
dose to areas that are more distant from the source (Hoskin
and Coyle 2011). For periorbital lesions, this means that
therapeutic doses can be administered to the tumour, while

sensitive structures such as the eye are almost completely
spared.

Brachytherapy of periorbital sarcoids has long been
considered the gold standard, with long-term success rates
reported between 70 and 100% (Theon and Pascoe 1994;
Knottenbelt and Kelly 2000; Byam-Cook et al. 2006).
Traditionally, radiation treatment has been achieved via low
dose rate brachytherapy with indwelling interstitial iridium
wires; however, health and safety concerns, cost issues and
licensing problems have rendered this technique currently
unavailable in the UK. High dose rate brachytherapy (HDRB)
is a novel technique for delivering interstitial radiation via a
remote afterloader, which eliminates the exposure of
personnel and the potential hazard of losing a radioactive
source within the hospital environment. Applicators are
placed into the lesion, imaged in situ, and a planning system
is used to plan the treatment based on the catheter
placement and the margins of the lesion. The catheters are
connected to the remote afterloader, and a computer
program is used to drive a radioactive source welded onto a
wire down each catheter, with the source pausing at
predetermined dwell sites within the catheter to allow
treatment of the lesion. With well-placed interstitial catheters,
HDRB can provide a precise treatment that takes only a few
minutes, which in the vast majority of cases can be
performed under standing sedation. The therapeutic effects
of radiation delivered in this manner are dependent on dose
rate rather than the overall dose of radiation received, so
doses used in low dose rate techniques cannot be directly
compared to those used in high dose rate techniques. The
total dose used in this study (25 Gy delivered in 2 fractions
given one week apart) was taken from the experience of
other colleagues (A.P. Theon 2015, personal communication)
as the highest dose that was tolerated without significant
complications.

The aim of this study was to describe response rate and
safety of this novel HDRB technique for the treatment of
periorbital sarcoids of the horse.

Materials and methods

Horses presented for radiation treatment of suspected
periorbital sarcoids were considered for inclusion in the study.
Biopsies of the lesion were performed at the time of the first
treatment, and only horses with a confirmed histopathological
diagnosis of sarcoids were included.

An i.v. catheter was placed in the jugular vein
contralateral to the affected periorbital region to facilitate a
standing sedation protocol. Horses were premedicated with a
standard protocol of acepromazine (Calmivet1; 0.02 mg/kg
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bwt i.v.) and phenylbutazone (Equipalazone2; 4.4 mg/kg bwt
i.v.). Detomidine (Medesedan)3 was administered (0.01 mg/
kg bwt i.v.) followed 5 min later by butorphanol (Butador3;
0.01 mg/kg bwt i.v.). The horse was placed on a constant
rate infusion of detomidine (18 lg/kg bwt/h) delivered via an
infusion pump, commencing 10 min after administration of
the bolus dose of butorphanol.

An auriculopalpebral nerve block was performed using
mepivacaine (Intra-epicaine)2 and the cornea topically
anaesthetised using proxymetacaine (Minims Proxymetacaine
hydrochloride)4 to facilitate examination and treatment. The
area to be treated was aseptically prepared and mepivicaine
infused via local infiltration to provide regional anaesthesia,
and on the day of the first fraction, a biopsy of the suspected
sarcoid was collected for histopathological examination. The
lesion was carefully palpated and a calliper was used to
measure the visible and palpable lesion. In cases where the
tumour protruded from the surface resulting in a tumour depth
of >1 cm, the tumour was surgically debulked immediately
prior to catheter placement to the level of the normal skin.
HDRB catheters (Flexible implant tubes, double leader,
350 mm)5 were placed interstitially into the lesion at
predetermined sites, spaced between 0.6 and 0.8 cm apart
and placed parallel to each other (Fig 1), with the exception
of a case where a V-shape configuration was placed using
parallel and perpendicular catheters to allow treatment of a
lesion encircling the lateral canthus of the eye (Fig 2). The
catheters were placed to allow a margin of treatment around
the palpable and visible lesion of 0.5–0.8 cm. The catheters
were cut to 320 mm using a commercial length gauge, and
radiodense markers placed on either end of the desired
treatment area to hold the catheters in position and aid
imaging. X-ray markers with a binary system were placed in

each catheter in a predetermined order from dorsal to ventral,
corresponding to channel 1 up to channel 4 where required to
treat the lesion. A CT spot marker (CT spot Crosshair #123)6 was
placed on the skin within the image field to allow scaling of
the image and accurate planning. Orthogonal radiographic
images were obtained using a C arm with a measured film-
focal distance. Images were imported and commercial
software used to generate a 3D reconstruction of the treated
area. A commercially available planning system was used.
Treatments were normalised to deliver 12.5 Gy per fraction to
the region where the distance between catheters was the
greatest, ensuring an effective dose was delivered throughout
the tumour (Fig 3). Treatment was delivered via the Varian
afterloader (GammaMed)5, which was connected to the
indwelling catheters (Fig 4). During the treatment, the horses
had paraffin swabs inserted underneath the eyelid to provide
shielding of the cornea, and their ears were packed with
cotton wool to reduce noise sensitivity. The horses were left
unattended in the stocks and the operators shielded by a
concrete bunker while the source was in use. The horses
were closely monitored by dedicated staff via high
definition close up CCTV cameras, using observation and
electrocardiographic monitoring, which covered the horses
from every angle to facilitate early recognition of any
problems. Following successful completion of treatment, the
catheters were removed, and the horse returned to its stable
to recover from its sedation. The entire procedure was
repeated 7 days later, so the total dose received was
25 Gy. In between treatments, the horses were maintained
on a standard dose of anti-inflammatory medication
(phenylbutazone 2.2 mg/kg bwt b.i.d. or suxibuzone 3.1 mg/kg
bwt b.i.d.), but were otherwise treated as normal, including
turnout or hand walking whilst hospitalised.

Horses were discharged from the hospital a minimum of
48 h after the second HDRB treatment, with instructions to
closely monitor the treated area, maintain anti-inflammatory
treatment for a further 7 days, and provide a weekly
photographic follow-up until resolution of the lesion. The
referring veterinarians were asked to examine the horse
approximately 7 days following hospital discharge, or sooner
if any concerns arose, to monitor the eye and eyelid for any
changes.

Data analysis
Response to treatment was evaluated using the canine
Response Evaluation Criteria for Solid Tumours (cRECIST v1.0)
(Nguyen et al. 2013). Treatment success was considered to
be resolution of the lesion. Any owner or veterinarian reported
side-effects were documented.

Results

Eight horses and ponies were included in this study. There
were three mares, four geldings and one stallion, age 4–
8 years (mean 5.5 years). There was one Connemara, one
Connemara cross, one Thoroughbred, one Cob, one Irish
Draught, one Welsh Section C and one Dales. Nodular,
fibroblastic, occult, verrucose and mixed sarcoids were
present in various locations in the periorbital region. All were
confirmed as sarcoids based on histopathological
examination. Table 1 gives full clinical details.

All horses tolerated the HDRB treatment under standing
sedation using the standard protocol. Six of the eight lesions

Fig 1: Catheters are placed directly into the lesion, giving a
margin of treatment of at least 1 cm beyond the visible or
palpable tumour.
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were surgically debulked prior to catheter insertion due to the
size of the lesions. The number of catheters required to treat
the lesions varied from two to four, as detailed in Table 1. The
total treatment times ranged from 2 min and 35 s to 5 min
and 43 s, with the variations occurring due to the size of the
sarcoid, the number of indwelling catheters, and the activity
of the source.

A complete response was achieved in all cases as
judged by the cRECIST criteria (100%), but the time-
to-response was different between different types of sarcoids.
Verrucose and occult lesions developed a dry, scabby
appearance along the sarcoid and catheters, which turned
into a grey plaque of skin before flaking off and leaving an

area of permanent epilation underneath, a process that took
several weeks to months. Nodular and fibroblastic lesions
appeared to change to normal, healthy granulation tissue
before regressing completely to leave an excellent cosmetic
result with minimal scarring within 8 weeks of treatment (Fig 5,
before treatment, and Fig 6, at 8 weeks). Permanent
epilation and leucotrichia of varying degrees were the only
long-term sequelae seen in these cases following treatment.

No significant side effects were noted at any stage
following treatment. Very mild swelling of the treated area
was noted in all cases in the 24 h following treatment, which
was considered to be likely to be secondary to the trauma of
local anaesthetic infiltration and catheter insertion rather than
an effect of the radiation treatment. One horse developed
mild moist desquamation of the skin at the lateral canthus at
Day 18 after completion of treatment, which responded to
symptomatic anti-inflammatory therapy with phenylbutazone
and was resolved by Day 30. This horse had a complicated
verrucose lesion which encompassed half of the upper
eyelid, crossed the lateral canthus, and encompassed one
third of the lower eyelid. The catheter configuration required
to treat this lesion was different to the standard protocol used
for other cases (Fig 2).

All horses developed some degree of epilation and
leucotrichia. Each of the lesions underwent slow and
progressive atrophy over a period of several months,
and good to excellent cosmetic results were obtained in all
cases as judged by the horses’ owners. The initial follow-up
period ranged from 10 to 12 months.

Discussion

The treatment of equine periocular sarcoids is difficult
primarily due to their location, and the prognosis for these
lesions is considered poor (Knottenbelt and Kelly 2000). Small

Fig 2: Nonstandard catheter placement to allow treatment of a
more extensive lesion surrounding the lateral canthus and
extending along the upper and lower eyelids.

Fig 3: A typical brachytherapy plan, giving a 3D reconstruction of the catheters and the treated areas.
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lesions may be treated with benign neglect, surgical excision
or immunotherapy (Goodrich et al. 1998), and those referred
to large clinics or hospitals may represent more biologically
aggressive or fast-growing lesions (Byam-Cook et al. 2006).
Low dose interstitial brachytherapy with iridium-192 wires/
seeds has long been considered the ‘gold standard’ due to
good long-term success rates (74–100%) and relatively minor
complications (Theon and Pascoe 1994; Knottenbelt and
Kelly 2000; Byam-Cook et al. 2006). However, due to health
and safety concerns, high cost, and difficulty with availability
of low dose iridium-192 sources, iridium wire/seed therapy is

not currently available in the UK. HDRB provides an attractive
alternative treatment, as there is no operator exposure,
treatment times are very short, and the need for lengthy
isolation of the horse is eliminated. Although HDRB has been
successfully used to treat horses in other parts of the world
and is in common use as part of the management of a
variety of neoplastic lesions in man, there are no published
data describing the technique or its success rates for its use in
the treatment of periocular sarcoids in the horse.

In medical oncology, the response evaluation criteria for
solid tumours has been formalised to allow effective and
accurate comparisons of different treatment protocols, and
recently a veterinary consensus has been made creating a
similar response criteria in canine solid tumours (cRECIST v1.0)
(Nguyen et al. 2013). Although this approach has not been
validated in equine solid tumours, it is the authors’ belief that
using formal criteria for assessment of response will allow
consistency of data evaluation in comparing methods for
treating equine solid tumours. Complete response is defined
as the disappearance of all target lesions (Nguyen et al.
2013), which was the case in all the tumours treated in the
present study.

The radiation dose used in this study was both effective
and well tolerated. No significant early side effects were
noted in these cases, with all cases showing only mild swelling
of the treated area for 24 h or less after treatment, and one
case showing mild moist desquamation of the lateral canthus
18 days after treatment. Self-limiting moist desquamation was
also reported as a complication of treatment in all cases
treated via low dose rate brachytherapy (LDRB), which
encompassed both periocular and nonocular sarcoids (Theon
and Pascoe 1994; Byam-Cook et al. 2006) and occurred
6–30 days after treatment (Theon and Pascoe 1994). In the
present case, the lesion was more complicated and required

Fig 4: The treatment is administered via a remote, computer-
driven afterloader which is connected to the indwelling interstitial
catheters. The horse is sedated and restrained in specially
designed stocks and monitored via high definition CCTV cameras
during the treatment to avoid any operator exposure.

TABLE 1: Clinical information of cases in the study

Breed Gender Age
Sarcoid
location Sarcoid type

Number of
HDR

catheters Debulk?
Time to
resolution

Follow-up
time

1 Connemara Gelding 5 Right upper
eyelid

Mixed fibroblastic
and nodular; invading
upper eyelid
musculature

3 Yes, of
fibroblastic
lesion

2 months 12 months

2 Irish Draught Mare 5 Left upper eyelid
towards lateral
canthus

Verrucose with
occult border

2 Yes 2 months 12 months

3 Cob Mare 6 Left upper
eyelid

Mixed verrucose
with nodule
at lateral aspect
and occult
border

3 No 3 months 12 months

4 Hunter Gelding 7 Left upper
eyelid

Multiple fibroblastic
nodules along nasal
aspect of upper
eyelid

4 Yes, of
fibroblastic
lesion

4 weeks 11 months

5 Thoroughbred Gelding 5 Right upper and
lower eyelid
encircling lateral
canthus

Verrucose and
occult with some
invasion of upper
eyelid musculature

4 No 4 months 11 months

6 Dales Mare 4 Right lower eyelid Fibroblastic 2 Yes 4 weeks 10 months
7 Connemara X Gelding 8 Left lower eyelid

and lateral canthus
2 nodular lesions 3 Yes 3 months 10 months

8 Welsh
Section C

Stallion 4 Right upper
eyelid

Fibroblastic 2 Yes 4 weeks 10 months

© 2017 EVJ Ltd

447EQUINE VETERINARY EDUCATION / AE / AUGUST 2018



a nonstandard approach to catheter placement and
treatment planning. Despite careful computer planning, it is
possible that the lateral canthus received a dose slightly
higher than the intended dose due to the catheter
configuration, which could account for this mild, self-limiting
complication. It is also possible that this occurred because a
verrucose lesion has less tumour ‘bulk’ than many of the other
treated lesions; the catheters may therefore be >0.5 cm
below the surrounding normal skin in these cases, giving the
normal skin around the tumour a relatively high dose of
radiation. This complication has also been noted under similar
circumstances in another institution using HDRB for sarcoid
treatment (A.P. Theon 2015, personal communication). No

cicatrisation was noted in any of these cases. The integrity
and function of the eyelids was preserved, and no
conjunctivitis, corneal opacity, corneal ulceration, or other
complications were noted. The treatment did not appear to
have any deleterious effects on secondary intention healing,
even with surgical debridement of the sarcoids prior to
treatment. This was also noted in a small study of LDRB, where
three of eight periocular sarcoids were debulked prior to
LDRB treatment with no apparent adverse effects (Byam-
Cook et al. 2006). The major advantage of debulking prior to
treatment is that the dose required to treat the lesion is much
smaller with a smaller lesion, meaning a smaller risk of acute
radiation toxicity. As the maximum diameter of treatment
around each catheter is theoretically 1 cm, trying to treat a
structure that is >1 cm thick involves a very large dose rate
along the catheter implantation site (therefore risking a very
high rate of complications) or using a protocol with multiple
planes of catheter placement, which is technically more
demanding both in terms of placement, imaging, and
planning. Surgical debulking of the lesion to a depth of
<1 cm appears to be a preferable option and enables more
standardised catheter placement and treatment planning to
be performed.

All lesions regressed during the study period, and the
cosmetic results were good. However, it is important to note
that late effects of radiation can be seen many years after
treatment. The data on long-term side effects following LDRB
with iridium wires is limited. In one study of 115 cases treated
with LDRB, necrosis (3.4%), palpebral fibrosis (10.4%), cataract
formation (4.3%), keratitis and corneal ulceration (6.9%) were
all reported long-term complications (Theon and Pascoe
1994). Permanent epilation occurred in 21.7% and hair
dyspigmentation occurred in 78.3% of these cases (Theon
and Pascoe 1994). Details of any long-term effects were not
specified in other reports of LDRB treatment for periocular
sarcoids.

The major advantage of interstitial brachytherapy
compared to other forms of radiotherapy is that there is a
very high concentration of radiation around the source and
rapid fall off away from the source, giving a therapeutic dose
to the region to be treated but a negligible dose to areas
such as the eye that are more distant from the source. Using
our protocol, computer modelling suggests that areas 1 cm
away from the catheters receive effectively no radiation
dose during HDRB treatment. This means that with careful
catheter placement and treatment planning, high radiation
doses can be delivered locally to the tumour with minimal
damage to normal adjacent tissues. Normal tissue tolerance
in interstitial brachytherapy is a function of dose rate, the
total radiation dose, implant spacing and implant volume
(Pierquin et al. 1989). It is therefore not possible to directly
extrapolate a dose from LDRB to HDRB, as the dose rates and
implant volume are different. The total dose of 25 Gy
delivered in 2 fractions given one week apart was taken from
the experience of other colleagues (A.P. Theon 2015,
personal communication) as the highest dose that was
tolerated without significant complications. Using the
Liversage formula it is estimated that this dose rate is
equivalent to approximately 74 Gy delivered via a standard
LDRB technique with a reference dose rate of 0.4 Gy/h
(Liversage 1969). This is comparable to the doses used in
various reports of LDRB techniques (Theon and Pascoe 1994;
Knottenbelt and Kelly 2000; Byam-Cook et al. 2006). It is

Fig 6: The same horse as Figure 5, 6 weeks after treatment with
high dose rate brachytherapy (HDRB).

Fig 5: Multiple periorbital sarcoids immediately prior to treatment
with high dose rate brachytherapy (HDRB).
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difficult to establish the relationship between the radiation
dose and the probability of normal tissue necrosis even with
LDRB. Theon and Pascoe (1994) suggest that there is a steep
dose–response relationship in normal palpebral tissues
between 50 and 70 Gy, and that an increased radiation
dose over 60 Gy may not result in a therapeutic gain.
However, the dose used by Knottenbelt and Kelly (2000) was
70–90 Gy using a LDRB protocol, with no significant long-term
effects reported. These differences are likely to be due to the
differences in implantation technique, implant volume, and
tumour type, which make it difficult to directly extrapolate
information from one protocol to another due to differences
in planning and application of the treatment between
different institutions. The lack of any significant acute side
effects with successful resolution of the lesions using this dose
in our patient population suggests that this dose is
appropriate for the treatment of periocular sarcoids in the
horse.

There was a wide variation in the response times to the
treatment. It is likely that the growth rates of an individual
tumour will affect the tumour response to radiotherapy, as
much of the cell death following exposure to radiation occurs
at the time of cell division. It is therefore perhaps unsurprising
that a fast-growing fibroblastic sarcoid appears to respond
more rapidly to radiation treatment than a slow-growing
verrucose sarcoid.

The major limitation of this study is the lack of long-term
follow-up. It has been stated that a one-year progression
free survival is not predictive of a long-term result (Theon
and Pascoe 1994). Five-year progression-free survival was
reported in 74% of cases treated with LDRB in one report
(Theon and Pascoe 1994). Specific data on the duration of
follow-up was not noted in one report of a 100% success
rate using LDRB (Knottenbelt and Kelly 2000) and follow up
of between 4 and 34 months was used to report a 100%
success rate in another study (Byam-Cook et al. 2006),
making the data difficult to compare. However, it is clear
that these cases should be followed for several years to
assess the rate of cure and monitor for any long-term
complications that could arise.

In summary, these early experiences suggest that HDRB
appears to be a safe and effective treatment that can be
performed under standing sedation for periorbital sarcoids in
horses and ponies. Further follow-up is required to assess the
long-term outcome for these animals.
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Summary
Fractures of the proximal sesamoid bones (PSBs) range in
severity from simple to complex and comminuted and can be
articular or nonarticular. The majority of PSB fractures are
diagnosed in racehorses, but PSB fractures, especially simple
ones, do occur in sport horses undertaking various disciplines.
For simple apical, basilar and abaxial articular PSB fractures,
surgical removal via arthroscopy carries the best prognosis for
return to athletic performance. Removal of apical and abaxial
PSB fractures generally result in a favourable prognosis for
return to racing but are dependent on the amount of
suspensory ligament injury. Removal of basilar PSB fracture
fragments results in a less favourable or fair prognosis for
return to racing. Mid-body PSB fractures typically require (lag
screw) surgical fixation preferably with arthroscopic guidance
and carry a fair to guarded prognosis for return to racing.

Introduction

Fractures of the proximal sesamoid bones (PSBs) are common
hyperextension-type injuries of racing Thoroughbreds and
Standardbreds and can range in severity from relatively
minor, or simple, to catastrophic. Catastrophic fractures in
Thoroughbreds racing at high speed are generally biaxial
(involving both the medial and lateral PSBs of the same limb)
and are the leading cause of complete suspensory
apparatus failure, or ‘breakdown’ in these horses (Bertone
1996; Hubert et al. 2001; Anthenill et al. 2006, 2007). A
retrospective study of racing Thoroughbreds that died or
were subjected to euthanasia on sanctioned racetrack
premises and examined as part of the California Horse
Racing Board (CHRB) Post-mortem Programme revealed that
forelimb PSB fractures were present in 41.5% of horses and
that biaxial fractures were detected in 80% of those horses
with forelimb PSB fractures (Anthenill et al. 2006). Similar
forelimb PSB fracture incidences have been previously
reported in studies of racing Thoroughbreds in other states
including Kentucky, Florida and New York (Krook and Maylin
1988; Cohen et al. 1997; Hernandez et al. 2001; Anthenill
et al. 2006). Despite these incidences, simple PSB fractures
are much more common than catastrophic fractures and
can also be found in horses used for other disciplines (Bertone
1996; Hubert et al. 2001).

Proximal sesamoid bone fractures while classified
according to their anatomic location can also be further
defined/described based on whether they have articular or
nonarticular components within the apical, mid-body, basilar
and abaxial fractures configuration (Bertone 1996; Hubert
et al. 2001).

• Apical fractures occur in the proximal one-third of the PSB
and are almost always articular (Fig 1). Typically, they
involve less than 25% of the suspensory ligament
attachment on the abaxial border (Bertone 1996; Hubert
et al. 2001).

• Mid-body fractures occur in the middle one-third of the
PSB and are articular (Fig 2). They are typically transverse
fractures and split the PSB into nearly equal halves.

• Basilar fractures occur in the distal one-third of the PSB and
are usually articular (Fig 3).

• Abaxial fractures involve the abaxial ridge of the
palmar/plantar PSB where the suspensory ligament inserts
and can be articular or nonarticular (Fig 4).

Complex PSB fractures include sagittal (axial) and
comminuted fractures and are typically articular (Bertone
1996; Hubert et al. 2001).

• Sagittal (axial) fractures occur on the axial margin of the
PSB and are usually associated with intersesamoidean
ligament avulsion. They typically occur in conjunction with,
or secondary to, a lateral condylar fracture.

Fig 1: Lateral to medial radiograph of the left
metacarpophalangeal joint in a horse with an apical proximal
sesamoid fracture.
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• Comminuted fractures are associated with catastrophic
breakdown injuries and are often biaxial and open
fractures with extensive soft tissue damage.

Aetiology and fracture distribution

Most PSB fractures occur at the end of a race or during
prolonged high intensity exercise when fatigue has set in and
hyperextension of the metacarpophalangeal and
metatarsophalangeal joint is greatest. At that point in time,
the suspensory and distal sesamoidean ligaments are under

maximal loading and exert tensile forces on the PSBs in
excess of their strength, resulting in PSB failure (Churchill 1956;
Bukowiecki et al. 1987; Bertone 1996). In skeletally mature
horses, training has a significant effect on the load to failure
and on which part of the suspensory apparatus fails
(Bukowiecki et al. 1987). The PSBs are more likely to fail in
trained horses, but the load to PSB failure does increase
substantially as training progresses. In untrained horses, the
suspensory ligament is more likely to fail (Bukowiecki et al.
1987). In skeletally immature horses (foals and yearlings), PSB
fractures also occur at maximal fatigue, such as in the case
of young foals running after their dams or yearlings running
together in a pasture. Because of the relative weakness of
the bone at this early age, it is uncommon to see suspensory
ligament injuries in these young horses (Schnabel et al. 2007).
In addition to fatigue and loading to failure, it has been
suggested that poor conformation may predispose some
horses to PSB fractures by placing additional stresses on the
bone (Bertone 2002).

Of all the PSB fracture types, apical fractures are by far
the most common and occur in both Standardbred and
Thoroughbred racehorses during their 2- and 3-year-old
seasons (Fretz et al. 1984; Woodie et al. 1999; Bertone 2002;
Schnabel et al. 2006). This is likely due to the increased
vascularity and porosity of the apical portion of the PSB
compared with the rest of the bone. While the porosity of the
rest of the PSB decreases with training as mineralisation
occurs, the apical portion does not mineralise as quickly. The
resultant relatively decreased bone density of the apical
portion of the PSB combined with the increased strength of
the suspensory ligament that occurs during training leads to
apical PSB fracture under maximal loading (Young et al.
1991). Apical PSB fractures occur more frequently in the
hind- than the forelimbs. However, mature Thoroughbreds,
sustain a relatively large percentage of forelimb fractures
compared with immature Thoroughbreds and mature
Standardbreds (Schnabel et al. 2006).

Fig 2: Dorsolateral to palmaromedial oblique radiograph of the
left metacarpophalangeal joint in a horse with a chronic
mid-body proximal sesamoid fracture. Radiograph courtesy of
N. Ducharme (Cornell University).

Fig 3: Down-angle oblique radiograph of the right
metacarpophalangeal joint in a proximal 20° lateral to distal
medial direction to highlight the basilar proximal sesamoid bone
fracture on the proximal sesamoid bone furthest from the plate.

Fig 4: Dorsopalmar radiograph of the left metacarpophalangeal
joint in a horse with an abaxial proximal sesamoid bone fracture.
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Mid-body PSBs fractures also occur in both Thoroughbreds
and Standardbreds. Standardbreds seem more likely to be
affected during their 4-year-old season compared with
Thoroughbreds during their 2- and 3-year old seasons
(Bertone 1996; Busschers et al. 2008). Mid-body PSB fractures
occur more frequently in fore- than hindlimbs, and the right
forelimb in Thoroughbreds appears to be particularly
predisposed (Henninger et al. 1991; Bertone 1996; Hubert
et al. 2001; Busschers et al. 2008). Both basilar and abaxial
PSB fractures occur more frequently in Thoroughbreds than in
Standardbreds and in forelimbs compared with hindlimbs
(Parente et al. 1993; Southwood et al. 1998; Southwood and
McIlwraith 2000).

For all of the above PSB fracture types, when a fracture
occurs in a forelimb, it is the medial sesamoid bone that is
most commonly affected. This is likely due to the fact that the
entire medial aspect of the fetlock joint, including the medial
sesamoid bone, is larger than the lateral aspect and
therefore more heavily loaded (Anthenill et al. 2006;
Schnabel et al. 2006; Busschers et al. 2008). Since the
forelimbs carry more weight than the hindlimbs, this effect
may be more pronounced. In addition, for Thoroughbreds
racing in the counterclockwise direction only, the
predisposition for medial sesamoid fractures of the right
forelimb is logical.

Clinical signs and diagnosis

Most acute simple PSB fractures result in a moderate to
severe lameness evident within 24 h following the race or
athletic event (Bertone 1996, 2002). Horses with articular PSB
fractures generally have marked synovial effusion with a
variable degree of pain upon palpation of the affected
sesamoid bone(s) and flexion of the affected fetlock joint
(Bertone 1996). Typically, horses with mid-body PSB fractures
exhibit a more severe lameness than those with other simple
PSB fractures and also have a greater degree of soft tissue
swelling (Bertone 1996). Horses with catastrophic PSB fractures
may be nonweightbearing or may exhibit severe
hyperextension of the fetlock joint. In many cases, these
fractures will be open with severe soft tissue trauma and
vascular disruption (Bertone 1996, 2002; Hubert et al. 2001).

Radiographs are diagnostic in acute PSB fracture cases
utilising the standard fetlock views with the aid of additional
projections:

• Down-angle oblique views in a proximal 50–60°
lateral/medial to distal medial/lateral direction to highlight
the abaxial surfaces of the PSB closest to the plate and to
assess articular involvement (Fig 5).

• Down-angle oblique views in a proximal 20° lateral/medial
to distal medial/lateral direction to highlight the basilar
surface of the PSB furthest from the plate (Fig 3).

• Oblique views in a 60° lateral to medial or medial to lateral
direction to highlight the axial surfaces of the PSBs.

In chronic cases, particularly those of nonunion apical PSB
fractures, further diagnostics such as nuclear scintigraphy
may be useful to distinguish nonactive fractures from active
fractures that will have increased radiopharmaceutical
uptake (Bertone 1996). Perineural anaesthesia must still be
performed, however, to confirm or deny the chronic fractures
as a current source of lameness. In sport horses, it is not

uncommon to find chronic and rounded apical PSB fracture
fragments as incidental findings on radiographs taken for
other reasons including prepurchase examinations (Fig 6).
There is a paucity of information on such fragments in the
literature and it is unknown whether these fragments are old
avulsion fracture fragments or mineralised bodies. For all
cases, ultrasonography should be performed to evaluate the
suspensory ligament and its branches, as this information is
critical for prognosis.

Treatment and prognoses

Treatment options and prognoses for the simple fractures will
be discussed in detail below. Treatment of complex/
catastrophic fractures is often limited to fetlock arthrodesis if
possible, or euthanasia and will not be discussed further.

Apical PSB fractures

There is a large body of evidence to support prompt surgical
removal of apical PSB fracture fragments in both
Standardbred and Thoroughbred racehorses (Fretz et al.
1984; Palmer 1989; Woodie et al. 1999; Schnabel et al. 2006,
2007). Arthroscopic surgery is strongly preferred over
arthrotomy in order to minimise soft tissue trauma and reduce
the risk of post-operative periarticular fibrosis. It is likely that
the most important aspect of the surgical technique is the
atraumatic isolation and dissection of the fracture fragment
from the suspensory ligament, intersesamoidean ligament
and palmar/plantar soft tissues. While an arthrotomy can be
performed from the ipsilateral side only, arthroscopy is
performed from either the ipsi- or contralateral side
according to surgeon preference. Instrument selection is also
that of surgeon preference and numerous instruments have
been described for apical PSB fracture fragment removal

Fig 5: Down-angle oblique radiograph of the same left
metacarpophalangeal joint as shown in Figure 4 in a proximal
50–60° lateral to distal medial direction to highlight the abaxial
proximal sesamoid bone fracture on the proximal sesamoid bone
closest to the plate.
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including a Beaver Blade, sharp periosteal elevator, meniscal
knife, tendon-splitting knife and loop and hook
electrocautery probes (Bertone 1996; Boure et al. 1999;
Woodie et al. 1999; Schnabel et al. 2006).

Post-operative performance is favourable, with an overall
return to racing of 67% reported for Standardbreds and 77%
reported for Thoroughbreds (Woodie et al. 1999; Schnabel
et al. 2006). Notable factors that impacted post-operative
performance for Standardbred racehorses were the presence
of the fracture in a forelimb and racing history prior to injury.
Standardbreds with forelimb apical PSB fractures earned
significantly less money per start after injury than those with
hindlimb apical PSB fractures and a larger percentage of
Standardbreds that had raced prior to injury raced post-
operatively compared with those that had not raced prior to
injury (88 vs. 56%, respectively) (Woodie et al. 1999). Notable
factors that impacted post-operative performance for
mature Thoroughbred racehorses were medial apical PSB
fractures of the forelimb and the presence of suspensory
desmitis. Only 47% of Thoroughbreds with medial apical PSB
fractures of the forelimb raced post-operatively compared
with 86% of Thoroughbreds with apical PSB fractures in other
locations and only 63% of Thoroughbreds with suspensory
desmitis raced post-operatively compared with 82% of
Thoroughbreds without suspensory desmitis (Schnabel et al.
2006). Similarly, in immature Thoroughbreds, horses with
forelimb PSB fractures had a significantly reduced probability
of racing compared with horses with hindlimb apical PSB
fractures (55 vs. 86%, respectively) and medial fractures of
the forelimb carried the worst prognosis (Schnabel et al.
2007). Interestingly, for both Standardbreds and
Thoroughbreds in the above studies, apical PSB fracture
fragment size did not affect post-operative racing
performance (Woodie et al. 1999; Kamm et al. 2011).

Mid-body PSB fractures

Of all the simple PSB fractures, unilateral mid-body PSB
fractures are the most challenging to treat surgically and in
general carry the worst prognosis for return to racing
performance. Conservative management is not an
acceptable option, as it results in a nonunion or fibrous union
leading to joint instability and chronic pain (Bertone 1996;
Hubert et al. 2001). Mid-body PSB fracture fixation techniques
described include hemicircumferential or circumferential
wiring and lag screw fixation with or without cancellous bone
grafting and with or without external coaptation (Henninger
et al. 1991; Martin et al. 1991; Woodie et al. 2000; Busschers
et al. 2008). The recent literature supports the use of lag
screw fixation over wire fixation as lag screw fixation results in
improved fracture reduction and in most cases can be
performed under minimally invasive conditions with
arthroscopic guidance (Busschers et al. 2008). For typical
transverse mid-body PSB fractures, lag screw fixation is
generally achieved using a single 4.5 mm fully threaded
cortical screw placed from the base of the PSB towards the
apex (Fig 7), although the use of multiple (up to 3) 3.5 mm
fully threaded cortical screws in lag fashion has also been
reported (Henninger et al. 1991; Bertone 1996; Busschers et al.
2008). The use of multiple 3.5 mm fully-threaded cortical
screws in lag fashion is commonly described for the repair of
more proximal mid-body PSB fractures with screw placement
from the apex of the PSB towards the base. The fracture
configuration ultimately dictates the screw placement,
number of screws utilised and surgical approach. For
example, proximal mid-body PSB fractures that occur in an
oblique proximal-abaxial to distal-axial configuration
necessitate a contralateral approach for screw placement in
a proximal-axial to distal-abaxial orientation, which can only

Fig 6: Lateral to medial radiograph of the left
metacarpophalangeal joint in a sport horse with a chronic and
rounded apical proximal sesamoid fracture.

Fig 7: Post-operative dorsolateral to palmaromedial oblique
radiograph of the left metacarpophalangeal joint in the horse
shown in Figure 2 with a chronic mid-body proximal sesamoid
fracture. A single 4.5 mm fully threaded cortical screw was
placed from the base of the proximal sesamoid bone towards the
apex in order to reduce and stabilise the articular aspect of the
fracture and prevent further degenerative changes within the
metacarpophalangeal joint. Radiograph courtesy of N. Ducharme
(Cornell University).
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be achieved through an invasive open approach. In all
cases, fluoroscopic guidance is extremely valuable to assess
fracture reduction and proper screw placement during the
procedure.

In the most recent report of surgically repaired mid-body
PSB fractures in racehorses, only 44% (7/16) of horses with lag
screw fixation raced post-operatively and 0% (0/9) horses with
wire fixation raced post-operatively (Busschers et al. 2008).
The degree of displacement preoperatively was believed to
be associated with post-operative performance and it was
noted by the authors that more distal fractures had greater
displacement. This displacement was along the articular
palmar or plantar aspect where compressive stress is known
to be the greatest during loading (Thompson and Cheung
1994).

Basilar PSB fractures

In the largest retrospective study of 57 racehorses with
articular basal PSB fractures, 73% of horses that had the
fracture fragment surgically removed raced post-operatively
while only 48% of horses treated conservatively raced post-
operatively (Parente et al. 1993). There was a slight bias in this
study, however, for smaller fragments to be removed and
larger fragments to be treated conservatively. In a later study
in which 26 horses had basilar PSB fracture fragments
removed via arthroscopy, 50% of the horses returned to
racing (Southwood and McIlwraith 2000). Similar to apical PSB
fracture fragments removed via arthroscopy, these authors
did not find a significant association between fragment size
and outcome. Although the numbers were too small to be
significant, there was a trend for horses without associated
articular disease to have a better outcome than those with
associated articular disease, 62.5% (4/10) vs. 25% (2/8),
respectively (Southwood and McIlwraith 2000).

Arthroscopy for removal of basilar PSB fracture fragments
is generally performed with the horse in dorsal recumbency
using ipsilateral arthroscope and instrument portals, although
contralateral portals can be used according to surgeon
preference. Metacarpophalangeal or metatarsophalangeal
joint flexion is needed to adequately expose the base of the
PSB. Similar to apical PSB fracture fragment removal, care is
needed for atraumatic dissection of the fracture fragment
from its soft tissue attachments, in this case those of the distal
sesamoidean ligaments.

Two new techniques have been described for removal of
nonarticular basilar PSB fracture fragments, which are even
less common than their articular counterparts (Brokken et al.
2008; Barrett and Rodgerson 2014). The first report described
using a ‘keyhole’ open approach through the digital flexor
tendon sheath with a small vertical incision in the straight
distal sesamoidean ligament (Brokken et al. 2008). Fragment
localisation was performed using needle-guided palpation
rather than direct observation. In this study, 11 horses had 16
nonarticular fracture fragments and all had performance-
limiting lameness localised to the metacarpophalangeal or
metatarsophalangeal region. Only 3 of the 11 horses were
racehorses and the remainder were sport horses of various
disciplines. Fractures of the medial PSB of the right forelimb
were over-represented as previously described for other PSB
fracture types. A total of 90% (9/10) horses with available
follow-up information returned to their intended use, including
2 racehorses (Brokken et al. 2008). The authors were careful

to note that all horses underwent a 6 month rest and
rehabilitation programme to allow for healing of the distal
sesamoidean ligaments. The second report described the use
of ultrasonography to assist in visualisation and removal of
nonarticular basilar PSB fragments in 7 yearling Thoroughbreds
(Barrett and Rodgerson 2014). The fragments were all
removed successfully through a traditional arthroscopic
approach using radiofrequency probe dissection through
the joint capsule and also to free the fragments from their
distal sesamoidean ligament attachments. On follow-up at
6–8 months post-operatively, no fragments or bony proliferation
at the base of the operated sesamoids were observed on
radiographs (Barrett and Rodgerson 2014).

Abaxial PSB fractures

Nonarticular abaxial PSB fracture fragments are typically
managed conservatively while articular abaxial PSB fracture
fragments are removed arthroscopically in a manner very
similar to apical PSB fracture fragments and with a favourable
prognosis (Palmer 1989; Bertone 1996; Southwood et al. 1998).
In a study of 47 horses with articular abaxial PSB fracture
fragments removed via arthroscopy, 71% (25/35) racehorses
returned to racing, although 9/25 at a lower class and all 6
sport horses returned to the same level of performance
(Southwood et al. 1998). In the event that a nonarticular
abaxial PSB fracture fragment did require removal, it is
reasonable to use ultrasonography to guide dissection and
fragment retrieval through an open approach to minimise
trauma to the associated branch of the suspensory ligament.

Conclusion

The prognosis for simple articular PSB fractures is largely
dependent on the degree of damage to the associated
ligamentous structures and to the joint. Prompt surgical
removal is recommended for articular apical, basilar and
abaxial PSB fracture fragments. For mid-body PSB fractures,
the prognosis is additionally dependent upon the reduction
achieved during surgical fixation and in general these PSB
fractures carry a less favourable prognosis than the other
simple PSB fracture types.
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