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In an increasingly competitive labor market, many new 
equine practitioners are specifically seeking employment 
with practices that are adapting their operations to 
prioritize professional growth, personal well-being and 
sense of belonging among staff. One practice reaping the 
rewards of recently implemented changes is Teigland, 
Franklin and Brokken, DVMs, Inc. (TFB Equine), an 
18-doctor Thoroughbred practice based in Fort 
Lauderdale, Fla., with divisions in New York and 
Maryland. 

TFB Equine recently shifted to a shorter, 5-day work 
week—a bold step for a predominantly racetrack practice 
in an environment that demands coverage 7 days per 
week. Together with an increase in starting straight-salary 
compensation exceeding $100,000 and continued focus on 
integrating new associates into a structured environment 
as valued team members, the practice recently pulled off 
the largest hiring spree in its 75+ year history.

The innate appeal of its changes resulted in three 2023 
graduates signing on with the practice. According to TFB 
Equine President and Managing Shareholder Dr. Scott 
Hay, the new horse doctors are helping spread the current 
workload for the benefit of its entire veterinary staff as 
well as securing the future of the practice as several veteri-
narians creep closer to retirement. 

“We want to make our practice an attractive place to 
work, and to recruit younger members into the practice, 
we felt like a 5-day work week was an integral part of the 
equation along with a better salary,” said Dr. Hay. “It’s 
important to be able to recruit people because we’re 
competing against not only other equine practices that are 
taking steps to improve their work environments to lure 
new veterinarians but small animal practices that generally 
can offer greater salaries and more flexible work 
schedules.”

TFB Equine has structured its new 5-day work schedules 
around the live racing schedules of the tracks it services to 
ensure full coverage every single day. Although some of the 
practice’s veterinarians may have weekends off, time off is 
weighted toward tracks’ “dark” days on which they don’t 
race—usually early in the week. 

Two of its new associates previously came through the 
practice as externs. Although not easy to host a steady 
stream of students who shadow or extern, Dr. Hay said it’s 
a valuable investment of time to keep the pipeline of future 
candidates open. 

“It’s important for externs to see how you practice and get 
a feel for their comfort level with the way the practice is 
run, the way the practice approaches medicine, the way 
the practice treats its people, the way work schedules are 
put together, and how they would fit in and be respected 
as opposed to just being a second wave of labor.”

Although handling routine tasks that may require less 
experience and client interaction is a rite of passage for 
any new veterinarian, Dr. Hay said the practice shows its 
respect to the younger associates through supportive 
mentorship on a rotational basis among more established 
colleagues as well as prioritizing involvement in client and 
case management. 

“We have certain clients that are very accepting of practi-
tioners who are just starting out, so we tend to place new 
hires with those clients,” he said. “In addition, although we 
don’t have a lot of emergencies, we do have regular 
working hours emergencies like covering races and dealing 
with lacerations or colics or injuries. Introducing younger 
vets into those types of situations—with some mentoring 
of course—and having them handle those caseloads in 
front of clients is rewarding to the veterinarian and builds 
confidence with the client.”

By reimagining its practice model around a shorter work 
week and taking the necessary steps to make it a reality, 
TFB Equine is strengthening employee well-bring, assuring 
practice longevity and giving its new associates an 
important leg up on what it hopes are long and satisfying 
careers in equine practice. 

ASSOCIATIONASSOCIATION

Success Story: Shorter work week, salary boost spark hiring spree  
at venerable practice 

Dr. Hay chats with consignors at a Thoroughbred auction.
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1.	 Save $200 by registering  
for the in-person AAEP 
Annual Convention by Aug. 
31 at convention.aaep.org.  
A virtual option is also 
available.

5 things to know about AAEP this month

2.	 Reserve your spot in one  
or more of the small group 
labs being offered at the 
annual convention in  
San Diego by registering  
at convention.aaep.org.

3.	 Seeking a fresh start or 
new opportunity? Check 
out the latest job openings 
in the AAEP Career Center 
at jobs.aaep.org. 

4.	 Memorialize a client’s horse 
and have your gift matched  
by Zoetis through The 
Foundation’s Equine Memorial 
Program. Learn more at  
foundationforthehorse.org/
support/memorial-giving.

5.	 Newer practitioners: Raise  
your clinical, business and 
wellness game by claiming 
one of only 60 spots at the  
wet labs-focused Foundational 
Skills in Equine Practice CE 
meeting at aaep.org/meetings.

Recent AAEP data indicates that over 70% of the new equine 
graduates in a given year elect to do an internship. While not a 
requirement, many new graduates feel they might benefit from 
participating in an internship program for additional work on 
clinical skills and client interactions.  

The Internship Subcommittee is developing resources to assist both prospective interns and host practices. One such 
resource is the internship core competencies document on the next page, which is a comprehensive list of skills an intern 
should be able to perform at the conclusion of the internship.

Visit aaep.org/internships for additional resources, including a Green Flags/Red Flags checklist to help internship seekers 
find the right opportunity along with an Entrustable Professional Activities document to regularly assess and provide 
feedback to interns. 

Resources to facilitate productive internships now available

Two pillars of the AAEP’s Commission on Equine 
Veterinary Sustainability and tips for treating your 
youngest patients will be in the spotlight as Virtual 
Wednesday Round Tables press on in July and August.

Each month’s Round Tables feature one clinical and one 
non-clinical topic and are held on the second and fourth 
Wednesday of every month through October. The sessions 
are free for AAEP members; simply register in advance 
through AAEP Anywhere at aaepanywhere.org. 

Following is the upcoming schedule of sessions through 
August. Please note that the session originally scheduled 
for August 9 is instead being held August 16.

July 26:	 Utilizing Relief Veterinarians for  
	 Emergency Coverage

August 16:	 Compensation Subcommittee:  
	 How Revenue Drives Compensation

August 23:	Treating Neonates (or Foals) in the Field 

If unable to attend a live 90-minute Round Table, you can 
watch a recording of the session on-demand through 
AAEP Anywhere, the association’s free-to-members online 
learning platform. On-demand sessions are available 
approximately 48 hours following the live sessions and 
include links to external resources. CE credit is not offered 
for the Round Tables.

The AAEP thanks itsVirtual Wednesday Round Table 
sponsors:

Emergency coverage, compensation headline upcoming Virtual Round Table 
schedule
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2022 INTERNSHIP
CORE COMPETENCIESAAEP

CLINICAL REASONING
Intern will be able to:
• Collect and interpret history
• Create prioritized problem and differential list
• Develop appropriate diagnostic and treatment plan, incorporating

individual case and client factors
• Triage cases based on urgency
• Recognize biosecurity and zoonotic disease concerns and

incorporates into plan, promoting health and safety of people (team
members and clients), patients and the environment

• Recognize limitations of personal knowledge, skill, and resources
and consults as needed

TECHNICAL COMPETENCY
Intern will be able to:
• Perform veterinary procedures and post-procedural care de�ned

by technical skills list
• Promote and develop comprehensive wellness and preventive

care plans

COMMUNICATION SKILLS
Intern will be able to:
• Listen attentively and communicate professionally
• Adapt communication style to colleagues, team members, and clients
• Prepare documentation appropriate for intended audience
• Develop a financial estimate and communicate financial options 

regarding plan with client
• Solicit, respect, and integrate contributions from others
• Function as leader or team member, as needed, based on context 

and experience

PROFESSIONALISM
Intern will be able to:
• Conduct themselves in an ethical and professional manner
• Manage time ef�ciently
• Re�ect on personal actions and respond to feedback
• Engage in self-directed career planning
• Recognize wellbeing of self and others
• Demonstrate inclusivity and cultural competence

SELF-DIRECTED SCHOLARSHIP
Intern will be able to:
• Perform literature searches and use textbooks to analyze data

critically, and apply clinically where relevant
• Integrate, adapt and apply knowledge and skills in clinical case

management
• Disseminate knowledge and practices to stakeholders

Adapted from: AAVMC Working Group on Competency-Based Veterinary Education. Molgaard LK, Hodgson JL, Bok HGJ, 
Chaney KP, Ilkiw JE, Matthew SM, May SA, Read EK, Rush BR, Salisbury SK (2018) Competency-Based Veterinary Education: 
Part 1 – CBVE Framework. Washington, DC. American Association of Veterinary Medical Colleges.

EVE_July 23_Text_Print.pdf   5 24/06/23   8:34 AM



VI   AAEP News July 2023 ASSOCIATIONASSOCIATION

Coming in August EVE: Convention registration kit

The AAEP’s 69th Annual Convention returns in late 
November to sunny San Diego, Calif., for the first time in 
15 years. A virtual option will also be available. In support 
of the meeting, the convention registration kit will be 
inserted in the August issue of EVE.

The kit will feature the complete educational program, 
including hands-on lab offerings; social events listing; 
trade show information; registration and hotel informa-
tion; and more.

Register for the meeting and labs, book your hotel and 
view the most current convention information at 
convention.aaep.org. 

Set sail to San Diego for sun and science with your AAEP 
family this November.
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Practice Life podcast looks at progress of Student, Internship subcommittees

The Student and Internship subcommittees 
of the AAEP’s Commission on Equine 
Veterinary Sustainability move in parallel 
in many respects by seeking to increase 
the number of students entering equine 
practice and then getting them started on 

the right foot through a productive internship for those 
interested in pursuing that path into practice. Several of 
the co-chairs of these two subcommittees recently spoke 
about their progress and goals with AAEP Practice Life 
podcast co-hosts Drs. Jessica Dunbar and Mike Pownall. 

Participating in the discussion were Drs. Jackie Christakos 
and Sarah Reuss, co-chairs of the Internship Subcommittee; 
and Dr. Rhonda Rathgeber, co-chair of the Student Sub-
committee.

The Student Subcommittee has created a speakers bureau 
in which AAEP members visit veterinary schools to discuss 
the positive changes occurring in equine practice. They are 
also working to expand the Essential Skills Workshop 
offerings and increase relations with student faculty 
advisors at the veterinary schools; and they will be encour-
aging participation at the annual convention and getting 
the word out about early-career mentoring opportunities 
such as Decade One and Starting Gate. 

Meanwhile, the Internship Subcommittee completed a 
survey of interns from the previous five years that 
provided valuable data to explore. The subcommittee has 
created internship best practices guidelines to help spark 
productive conversations between practices and interns. 
These guidelines served as the basis for creation of an 
internship red flags/green flags document. The subcommit-

tee is currently working on a standardized application for 
students as well as program listing standards to help 
students compare internship opportunities on an apples-to-
apples basis.

During a discussion of revelations from their subcommit-
tee work to date, Dr. Reuss indicated that practices can 
boost their standing with prospective interns without a sig-
nificant outlay of capital. 

“For a lot of the students and prospective interns, [salaries 
and work hours] aren’t even the first things they want to 
talk about. A lot of it is more culture and mentorship 
support … things that practices can just look at internally 
and, again, it doesn’t mean they have to go out and build a 
whole new hospital facility with a bunch of toys to recruit 
interns, but if they can just show their culture across the 
board from their staff to their veterinarians to their front 
office to how they’re dealing with externs and interns, it 
can be really game-changing for them and without neces-
sarily a huge financial input.”

Download or listen to the 36-minute episode at podcast.
aaep.org or on iTunes.

The AAEP Practice Life 
podcast is sponsored by 
Boehringer Ingelheim.
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Innovation and discovery have 
provided the knowledge and 
resources for practitioners to 
overcome ever-evolving challenges 
to optimal fertility in mares and 
stallions, increasing the efficiency 
and success of client breeding 
programs.

During his Nov. 30 Frank J. Milne 
State-of-the-Art Lecture, “Historical 
Perspectives in Equine Reproduction: 
Pioneers in the Age of Discovery,” 

renowned theriogenologist Dr. Patrick McCue will trace 
significant advancements in equine reproduction over  
the past half-century, leading to analysis of the current 
state-of-practice in the field. Acquire valuable advice to 
enhance your diagnosis, treatment and management  
of stallions, mares and neonates, and be inspired to 
contribute to the advancement of knowledge in equine 
reproduction.

Dr. McCue is the Iron Rose Ranch Professor of Equine 
Theriogenology at Colorado State University, where he 
has served on faculty since 1994. Dr. McCue coordinates 
the clinical Stallion and Mare Services at the Equine 
Reproduction Laboratory and attends to dystocias, 
high-risk pregnancies and other reproduction cases at the 
Veterinary Teaching Hospital.

He is the author or co-author of 10 books or eBooks and 
over 400 refereed publications, textbook chapters, 
scientific proceedings, and/or abstracts. Among Dr. 
McCue’s accolades are the 2017 Theriogenologist of the 
Year award from the American College of 
Theriogenologists and the 2022 Lifetime Achievement 
Award from the European Symposium on Equine 
Reproduction.

Sponsored by

Dr. Patrick McCue to examine state of repro practice during Milne Lecture

CONTINUING EDUCATION

Dr. Patrick McCue

Whether refreshing a lapsed skillset or perfecting new 
techniques to keep pace with modern advances in 
veterinary procedures, one thing is clear: Practice makes 
perfect. On Wednesday, Nov. 29, opening day of the 
annual convention, optimize patient health and client sat-
isfaction with hands-on training and expert support in 
core areas of equine health. 

The following labs are being offered during each of three 
2-hour sessions: 10:00 a.m.–Noon, 1:00–3:00 p.m., and 
3:30–5:30 p.m. 

•	 Calling All Colics: Responding Effectively to the 
Dreaded “Colic Symptom” Call

•	 Take the Reins of Reproduction: Optimizing Stallion 
Breeding with Advanced Techniques

•	 It’s Not in the Shoulder: Performing Venograms and 
Applying Hoof Casts for the Mobile Practitioner

•	 What’s My Aim? Mastering Image-Guided Injection 
Techniques

Each lab is limited to 12 participants at a cost of $275 
per session. Registration is on a first-come basis at 
convention.aaep.org or by phone at (859) 233-0147. 
Convention labs tend to fill quickly so early registration is 
encouraged. 

Elevate your skills at convention labs
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Mourning two of our own: Drs. Mark Crisman and Stephen Soule

Dr. Stephen Soule

AAEP Honor Roll member Dr. Stephen Soule, FEI sport horse veterinarian who practiced at Palm 
Beach Equine Clinic in Wellington, Fla., died May 25 at the age of 75.

After receiving his veterinary degree from the University of Pennsylvania in 1973, Dr. Soule interned 
at the New Bolton Center. He served as a state veterinarian in Pennsylvania and as a United States 
Equestrian Team Veterinarian since 1978. Dr. Soule published in various industry journals and 
lectured at numerous conferences and events. An AAEP member since 1974, Dr. Soule served on the 
Horse Show, Purchase Exam and Equine Insurance committees throughout the 1980s and 90s. 

Dr. Mark Crisman

Dr. Mark Crisman, senior veterinarian, equine technical services for Zoetis since 2010, died May 20 
in his hometown of Blacksburg, Va. He was 69.

Dr. Crisman joined Zoetis following 23 years at the Virginia-Maryland College of Veterinary 
Medicine, where he served as a professor, section chief of equine medicine and surgery, and director 
of the molecular diagnostics lab. Dr. Crisman authored or co-authored over 85 refereed publications 
and book chapters, and his research interests included immunology, pharmacology, and inflammation 
associated with equine metabolic syndrome. In 2020, he was selected to serve on the board of the 
Horses and Humans Research Foundation as vice president of scientific advisors.

He received his veterinary degree from the University of Warsaw, Poland in 1984 and achieved diplomate status with 
the American College of Veterinary Internal Medicine in 1990. A longtime AAEP member, Dr. Crisman served on the 
Abstract Review, Identification and Student Faculty Advisors committees. 

Dr. Stephen Soule

Dr. Mark Crisman

Acknowledging the longstanding commitment to the veterinary medical profession, the association and the horse, the AAEP 
conferred Honor Roll status upon 53 veteran members during the preceding 12 months. The Honor Roll membership 
category is reserved for members who have reached the age of 70 and have maintained an AAEP membership for 40 years. 
Congratulations to the following members who attained this milestone between July 1, 2022, and June 30, 2023:

53 members attain Honor Roll status 

Eric J. Abrahamsen, DVM DACVA, Kalamazoo, MI
Mary Ragan Adams, DVM, Fort Collins, CO
Renee Aguirre-Hall, MVZ, Monterrey, Nuevo León, Mexico
Jim L. Alexander, DVM, Peoria, AZ
Mimi Arighi, DVM, Lincoln, CA
Linda Lee Barton, VMD, Harpswell, ME
Judith A. Bechtum, DVM, Webster, MN
Richard L. Bowman, DVM, Fargo, ND
Loren A. Brandt, DVM, Niles, MI
Connie C. Brown, DVM, Versailles, KY
Alfred B. Caudle, DVM, Watkinsville, GA
John D. Chappell, DVM, Cowpens, SC
Andrew R. Clark, DVM, MBA, Aiken, SC
John M. Donecker, VMD, MS, Reidsville, NC
Gary M. Doxtater, DVM, Norge, VA
Andrea E. Floyd, DVM, Evington, VA
Brendan W. Furlong, MVB, MRCVS, Oldwick, NJ
Fred B. Gardner, DVM, Garnett, KS
Allen M. Garst, DVM, Walkersville, MD
Michael W. Giacopuzzi, DVM, Somis, CA
Glenn P. Gillard, VMD, Boynton Beach, FL
Dan M. Gillen, DVM, Loomis, CA
Dee M. Gragg, DVM, Oklahoma City, OK
Marta E. Granstedt-Volkmann, DVM, Simi Valley, CA
Daniel J. Haskins, DVM, Stanwood, WA
C. Tom Hill, DVM, Baker City, OR
Andris J. Kaneps, DVM, Beverly, MA

Donald J. Kiefer, DVM, Casanova, VA
Josephine A. Magurn, DVM, Goodview, VA
Robert J. Maro, DVM, Lowellville, OH
Michael P. McLaughlin, DVM, Milford, MI
Daniel F. McMaster, DVM, Campbellville, ON, Canada
Gail W. McNeill, DVM, Sudbury, MA
Paula D. Modransky, DVM, East Springfield, OH
Helen O. Noble, VMD, Rowley, MA
Mark I. Park, DVM, Encinitas, CA
John R. Pascoe, BVSc, PhD, Winters, CA
James Cook Patton, DVM, Gillett, TX
Peter F. Radue, DVM, Mount Airy, MD
Sarah L. Ralston, VMD, PhD, Howell, NJ
Vernon J. Robertshaw, DVM, Shedden, ON, Canada
Jack B. Root, Jr., DVM, Newberg, OR
Gregory J. Seiler, DVM, Andale, KS	
David G. Schmitz, DVM, College Station, TX
Lawrence D. Shamis, DVM, Tucson, AZ
Mark J. Shifrin, DVM, Liberty Hill, TX
Suzanne J. Smith, VMD, Milford, NJ
Betty B. Thomas, DVM, Bagdad, KY
Peter J. Timoney, FRCVS, Lexington, KY
Dickson D. Varner, DVM, College Station, TX
Michael D. Williams, DVM, Big Bend, WI
Peggy S. Williams, DVM, Pataskala, OH
Larry A. Wohlford, DVM, Southern Pines, NC
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Whether seeking advice on a difficult case, perplexed by an 
ethical dilemma, or wanting to offer support or guidance, 
you can draw upon the collective expertise of the 
membership through the AAEP’s online communities.

One component of this complimentary benefit of your 
membership is the Rounds, which are online forums 
centered on specific topics and an ideal way to share ideas 
and knowledge with colleagues. You may subscribe to any 
of the following Rounds: 
 

You may also subscribe to the General Discussion List, 
which is open to all topics of interest. To join any of the 
discussions, visit communities.aaep.org/home.

In addition to the Rounds, the AAEP Member Vet Talk 
community on Facebook is another forum to solicit or 

offer case advice or simply share content relevant to equine 
medicine. More than 1,600 members participate in AAEP 
Member Vet Talk. To join this AAEP members-only 
community, simply search for the group on Facebook.

Benefit: Enlist colleagues’ expertise in AAEP’s online communities

Business Education
Complementary & 

Alternative Medicine
Dentistry
Equitarian
Infectious Disease
New Practitioner
Performance Horse

Podiatry
Public Auction
Purchase Exam
Racing
Reproduction/Perinatology
Solo Practitioner
Wellness & Family Life

MEMBERSHIP AAEP News July 2023   IX
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Members in the News

AHC honors Dr. Jerry Black

AAEP Past President and Distinguished Life Member Dr. Jerry Black received the American Horse 
Council’s 2023 Hickey Award June 5 during the AHC Conference and National Issues Forum in 
Denver, Colo. Named in honor of past AHC president James J. Hickey, the award is presented to an 
individual who has been a great supporter of the horse industry and the AHC.

Dr. Black is a visiting professor at Texas Tech School of Veterinary Medicine and emeritus professor 
and Wagonhound Land and Livestock Chair in Equine Sciences at Colorado State University, from 
which he received his veterinary degree. His extensive industry service includes AHC board chair 
from 2016–2019, AAEP president in 2002, and terms as either chair or member of more than 20 
different AAEP councils and committees. 

AAEP researchers awarded by Morris Animal Foundation 

Among 10 new fellowship studies funded by Morris Animal Foundation are a pair of projects by 
AAEP members Drs. Rebecca Bishop and Shune Kimura. 

Dr. Bishop’s project studies proteins and the genetic makeup of the peritoneal fluid as a first step 
toward a diagnostic test to help predict which horses are at higher risk for colic surgery complica-
tions. Dr. Kimura’s project seeks to determine the feasibility of using a currently available veterinary 
drug as a treatment for systemic inflammatory response syndrome (SIRS), a serious immune response 
disorder in horses. 

Dr. Bishop, a Ph.D. candidate at the University of Illinois, received her veterinary degree from the 
Cummings School of Veterinary Medicine at Tufts University in 2017. She received the 2022 AAEP 
Past Presidents’ Research Fellow awarded by The Foundation for the Horse for her research into 
gastrointestinal diseases of horses.

Dr. Kimura, a Ph.D. candidate at the University of Georgia, earned his veterinary degree in 2017 
from Tuskegee University. In February, he received the Storm Car Career Development Award from 
Grayson-Jockey Club Research Foundation for his research into SIRS.

Dr. Jerry Black

Dr. Shune Kimura 

Dr. Rebecca Bishop
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69th AAEP Annual Convention
San Diego, CA | Nov. 29 - Dec. 3

Catch 
     the Wave

OF OPPORTUNITY IN EQUINE PRACTICE

convention.aaep.org

Save $200 when you register by Aug. 31 at

Virtual and In-person
Registration Available
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CareCredit, a Synchrony solution, offers a friendly payment experience that keeps equine veterinarians at the heart 
of care. The CareCredit health and horse care credit card helps clients manage the cost of care with simple, budget-
friendly financing options. Horse owners can pay at the time of service, anywhere care is provided. And the practice 
gets paid within two business days. 

CareCredit’s all-digital, contactless financing experience helps the team spend less time focusing on payments, so they 
can spend more time focusing on care. A custom link enables clients to learn about CareCredit, prequalify with no 
impact to their credit score, apply and pay, all from their mobile device. The digital experience is even personalized 
to the enrolled practice.

Horse owners can use their CareCredit card to pay for everything from 
routine wellness services and medications to unexpected illnesses and 
emergency care. Being financially prepared with an easy way to pay helps 
give clients peace of mind while helping veterinarians improve cash flow and 
reduce accounts receivable. 

Over the past 25+ years, CareCredit has helped millions of clients pay for the veterinary care their animals need 
through every stage of life. The company is proud to be an AAEP Educational Partner and support initiatives that 
improve the health and welfare of horses as well as the financial health of equine veterinarians. 

By bridging the gap between cost and care, CareCredit supports a healthy financial relationship between 
veterinarians and horse owners. Together, they can confidently move forward with the recommended care a horse 
needs, whenever it’s needed.

To learn more about CareCredit, visit carecredit.com/equineinsights or call (844) 812-8111.

AAEP Educational Partner Profile: CareCredit

Navigate toward a more welcoming and inclusive workplace with  
‘Journey for Teams’ 

The Journey for Teams 
program, created by the 
AVMA in conjunction 
with the Veterinary 

Medical Association Executives, gives every member of 
the veterinary community a pathway to foster diversity, 
equity and inclusion in the workplace. It’s a comprehen-
sive and collaborative program that engages and 
empowers individual members of every veterinary team 
to build support and understanding of DEI from the 
ground up.

Any veterinary professional can sign up to participate. 
Each month, Journey for Teams releases a new learning 
module to help you explore DEI topics and build a 

practical roadmap to advance DEI in your workplace. 
The educational modules cover a wide range of subjects: 

•	 Developing and supporting fantastic teams

•	 Fostering an extraordinary workplace

•	 Walking the walk with clients

•	 Embracing the community

Through Journey for Teams, you’ll foster your own 
growth and meaningfully impact the lives of colleagues, 
clients, patients and society. Learn more about the 
program and join the journey at avma.org/resources-
tools/diversity-and-inclusion-veterinary-medicine/ 
journey-teams.
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When it comes to  
equine nutrition,  
vets come to us.

Educational Partner of  
the American Association  
of Equine Practitioners

As a veterinarian, you know there’s a lot 
that rides on a horse’s nutrition. 

Did you also know there’s one trusted resource for 
developing effective feeding solutions—and it’s 
free? We have a create-your-own nutritional toolkit 
designed for vets. Backed by our equine research 
and innovation team, these tools help your staff 
diagnose and prescribe treatments.

We’ll ship you the free toolkit that includes: 
• Clinical disorders booklet 
• Weight tapes 
• Body condition scoring  

and topline evaluation handouts 
• Vet solution cards for the most  

common conditions 
• Guide to rehabilitating the neglected horse 

Keeping horses healthy, and owners happy,  
makes us all feel good.

REQUEST YOUR FREE NUTRITION TOOLKIT: 

VetNutritionInfo.com
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                             Highlights of recent clinically relevant papers 

           CROSS-  COUNTRY HORSE FALL RISK 
FAC TORS 

  This retrospective cohort study by    Heather Cameron- Whytock and co- 
workers    in the UK aimed to identify risk factors for horse falls, which are 
the leading cause of rider fatality . 

 Sixteen riders and 69 horse fatalities were recorded at eques-
trian eventing competitions in the last 10 years. In this study, British 
Eventing competition data (January 2005 to December 2015) were 
analysed. Descriptive statistics followed by univariable logistic re-
gression to identify risk factors for inclusion in a multivariable logistic 
regression model were conducted. A total of 749,534 cross- country 
starts were analysed for association with the risk of horse falls. 

 Sixteen risk factors were identified including: higher event levels, 
higher dressage penalties and higher number of days since horses '  
last start. For example, horse and rider combinations competing 
at BE100 (OR 1.64, CI 1.37– 1.96), Novice (OR 3.58, CI 3.03– 4.24), 
Intermediate (OR 8.00, CI 6.54– 9.78), Advanced (OR 12.49, CI 9.42– 
16.57) and International (OR 4.63, CI 3.50– 6.12) all had a higher risk 
of having a horse fall in comparison to combinations competing at 
BE90 level. Riders that had a horse fall during their previous start 
(OR 2.39, 1.62– 3.53) were more likely to fall during their current 
start. Horses competing in their first start (OR 2.06, 1.36– 3.12) were 
more likely to have a horse fall than horses that had started in the 
previous 1– 14 days. Furthermore, for every additional 10 dressage 
penalties awarded to a horse and rider combination, there was a 
higher risk of a horse fall (OR 1.20, CI 1.12– 1.28). 

 The authors concluded that these study results can be used by 
sports governing bodies to inform policy which has the potential to 
reduce the risk of injury and fatality to sports participants.  

     SALMONELLA   SAMPLING 

  In this study,    Jose Goni and co- workers    in the United States aimed to 
determine the optimal pooling technique to maintain high sensitivity of  
Salmonella  spp. culture using spiked samples, and to demonstrate the 
efficacy of this protocol on clinical submissions . 

 This study included one  Salmonella - negative horse from a uni-
versity herd and 19 hospitalised horses.  Salmonella - free faecal sam-
ples were spiked with different amounts of  Salmonella  spp. (10 2 , 10 3 , 
10 4  and 10 5  colony forming units [cfu]) and homogenised to evaluate 

pooled samples. Five individual faecal samples were collected from 
19 hospitalised horses. Ten- gram aliquots of each individual sam-
ple were combined to make a pooled sample. Both individual and 
pooled samples were cultured for  Salmonella  spp. The identity of 
bacterial isolates was confirmed by matrix- assisted laser desorption- 
ionisation time of flight mass spectrometry. 

 A 10 2  cfu concentration of  Salmonella  spp. could be recovered 
from a spiked  Salmonella - free faecal sample. Homogenisation proto-
cols indicated that the addition of 20 mL of broth to the pooled sam-
ple improved recovery, whereas homogenisation time did not. Of 
the 19 horses tested, 5 were positive for  Salmonella . In all instances, 
 Salmonella  spp. were recovered from the faecal pool as well as indi-
vidual samples. Pooling of 5 faecal samples for  Salmonella  culture is 
a sensitive and cost- effective diagnostic approach to detect horses 
that are shedding the organism.  

    CYANOACRYL ATE MESH CLOSURE 

  In this retrospective study,    Janine Astrid Terschuur and co- workers    in the 
UK assessed the use of topical 2- octyl cyanoacrylate (2- OCA) mesh to 
close laparotomy incisions in horses . 

 Three methods of skin closure were used following laparotomy 
for acute colic, including metallic staples (MS), suture (ST) and cya-
noacrylate mesh (DP). Postoperative complications were recorded 
following contact with owners 3 months after surgery. For each 
method of closure, the rates of surgical site infection (SSI) and her-
niation were recorded, as well as surgical time and treatment costs, 
including those for incisional complications. Chi- square testing and 
logistic regression modelling were used to assess differences be-
tween the groups. 

 A total of 110 horses were included (45 DP, 49 MS, 16 ST). The 
overall rate of SSI was 15.5% (8.9% DP, 18.4% MS, 25% ST). Incisional 
hernias developed in 21.8% of cases (8.9% DP, 34.7% MS, 18.8% ST). 
The median total treatment cost did not differ significantly between 
groups. No significant differences in the rate of SSI or overall cost 
were demonstrated between treatment groups. However, MS was 
associated with a higher rate of hernia formation than DP or ST. 

 Despite the increased capital cost, 2- OCA proved to be a safe 
skin closure method in horses and was no more expensive than DP 
or ST after factoring in visits to remove sutures/staples and treat 
infections.  

aaep.org/wiley-redirect 
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    OSTEOCHONDR AL FR AGMENT REMOVAL 

  In this retrospective observational study,    Janna Goldkuhl and co- 
workers    in Germany assessed the prevalence of cartilage injury in the 
equine metacarpo−/metatarsophalangeal joint and its association with 
fragment size, location, age and lameness . 

 Clinical records including radiographs of 823 metacarpo−/meta-
tarsophalangeal joints (640 horses) that underwent arthroscopic 
fragment removal were reviewed. Fragment size, intra- articular frag-
ment location and cartilage injury score were recorded. Presence of 
synovitis was retrospectively evaluated in 157 joints. 

 Cartilage injury was present in 28.8% (95% CI 25.8– 32.0) of 
joints. Lameness was not associated with fragment location or frag-
ment size. Fragment size was not associated with cartilage injury. 
Age (OR 1.35, 95% CI 1.22– 1.48) and lameness (OR 5.03, 95% CI 
2.27– 11.68) were associated with cartilage injury as well as fragment 
location (palmar/plantar, OR 0.22, 95% CI 0.13– 0.38), with dorsal 
fragments being more likely to be associated with cartilage lesions 
than palmar/plantar fragments. There was a significant association 
between age and mean cartilage score ( b  = 0.18, 95% CI 0.14– 0.22). 

 These results show no association between radiographic frag-
ment size, presence of synovitis and cartilage injury. The likelihood 
of a joint presenting with cartilage lesions increases with dorsal frag-
mentation, lameness and older age. Early fragment removal, espe-
cially in joints with dorsal fragmentation, could be beneficial to avoid 
future cartilage injuries in equine athletes.  

    BLOOD GA SES DURING RECOVERY 

  In this study,    Kelsey Fisher and co- workers    in the United States com-
pared PaO   2    and PaCO   2    in horses recovering from general anaesthesia 
maintained with either apneustic anaesthesia ventilation (AAV) or con-
ventional mechanical ventilation (CMV) . 

 Ten healthy adult horses were anaesthetised in dorsal recum-
bency with isoflurane in oxygen [inspired oxygen fraction = 0.3 
initially, with subsequent titration to maintain PaO 2  ≥ 85 mmHg 
(11.3 kPa)] and ventilated with AAV or CMV according to predefined 
criteria [10 mL/kg bwt tidal volume, PaCO 2 40- 45 mmHg (5.3– 
6.0 kPa) during CMV and < 60 mmHg (8.0 kPa) during AAV]. Horses 
were weaned from ventilation using a predefined protocol and trans-
ferred to a stall for unassisted recovery. Arterial blood samples were 
collected and analysed at predefined timepoints. Tracheal oxygen 
insufflation at 15 L/min was provided if PaO 2  < 60 mmHg (8.0 kPa) 
on any analysis. Time to oxygen insufflation, first movement, sternal 
recumbency and standing were recorded. 

 Between modes, PaO 2  was significantly higher immediately after 
weaning from ventilation and lower at sternal recumbency for AAV 
than for CMV. No PaCO 2  differences were noted between ventila-
tion modes. All horses ventilated with CMV required supplemental 
oxygen, whereas three horses ventilated with AAV did not. Time to 
first movement was shorter with AAV. Time to oxygen insufflation 
was not different between ventilation modes. 

 Although horses ventilated with AAV entered the recovery 
period with higher PaO 2 , this advantage was not sustained during 
recovery. Fewer horses required supplemental oxygen after AAV; 
however, the use of AAV does not preclude the need for routine 
supplemental oxygen administration in horses recovering from gen-
eral anaesthesia.  

          Sue     Wright         

    EVE Editorial Office     
   Email:  sue@evj.co.uk    

   ORCID
  Sue Wright  https://orcid.org/0000-0002-5513-8571    
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         INTRODUC TION 

 Paroxysmal atrial fibrillation (pAF) is a pathological arrhythmia 
that can appear spontaneously without clinical disease and is self- 
terminating usually within 7 days (Hindricks et al.,  2021 ; Kjeldsen 
et al.,  2022 ). The arrhythmia may be triggered by spontaneous ec-
topic firing or increased automaticity and is sustained by an abnor-
mal substrate (e.g. atrial dilation or fibrosis) (Decloedt et al.,  2020 ). 
The presence of pAF causes atrial remodelling and promotes the 

progression of the arrhythmia; however, the pathophysiologic path-
ways are not fully understood (Kjeldsen et al.,  2022 ). 

 Paroxysmal AF is primarily reported in racehorses, with an esti-
mated incidence of up to 4.9% (Nath et al.,  2021 ; Slack et al.,  2015 ), 
as overt clinical signs such as sudden loss of speed ease recognition 
of possible arrhythmic horses, but clinical signs may be subtle or 
even unnoticeable in horses performing at a less intense level. 

 Novel methods for early diagnosis of pAF include computa-
tional analyses of sinus rhythm (SR) ECG (Alexeenko et al.,  2020 ; 
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                                                                 C A S E  R E P O R T    

                                     Long- term monitoring with an implantable loop recorder 
detects multiple episodes of paroxysmal atrial fibrillation after 
electrical cardioversion in a Warmblood horse 
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      Summary 
 Atrial fibrillation (AF) is a pathological arrhythmia affecting performance horses and is 
termed paroxysmal (pAF) when self- terminating to sinus rhythm. Little is known about 
pAF as its sporadic nature makes it difficult to diagnose. Therefore, continuous electro-
cardiographic monitoring devices, such as implantable loop recorders (ILR), are necessary 
to detect the time of onset and episode duration. This case report presents the detection 
of pAF in a 9- year- old Warmblood horse after successful transvenous electrical cardio-
version (TVEC). An ILR continuously monitored the heart rhythm over 28 months and 
detected 12 episodes of pAF of which two episodes were associated with reduced per-
formance, while others occurred asymptomatically at rest. The estimated episode dura-
tion ranged from 6 min to 46.5 h. The antiarrhythmic drug sotalol (2 mg/kg bwt BID PO) 
was given prior to TVEC and then for 4 weeks. As episodes continued to occur, sotalol 
was prescribed for another 4 weeks, 6 months after TVEC. Continuous monitoring after 
TVEC allows for detection of AF recurrence and identification of AF burden, approximate 
time of onset and possible identification of trigger events. Early diagnosis and antiar-
rhythmic treatment may prevent a progression to persistent AF.  

   K E Y W O R D S 
horse ,    AF recurrence ,    atrial arrhythmia ,    heart rhythm monitoring ,    insertable cardiac monitor , 
   sotalol    
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Huang et al.,  2020 ) and the use of insertable cardiac monitoring 
devices such as implantable loop recorders (ILR) (Buhl, Hesselkilde, 
et al.,  2020 ; Buhl, Nissen, et al.,  2020 ). The ILR continuously mon-
itors the patient ' s heart rhythm with two electrodes and with an 
incorporated AF detection algorithm, it detects R– R interval devia-
tions and whether a P wave is present between the two R waves to 
generate an AF evidence score (Pürerfellner et al.,  2014 ). 

 Here, we report a case with multiple pAF episodes following 
TVEC, detected by an ILR, which had been monitoring continuously 
for 28 months. The characteristics of the pAF episodes are de-
scribed based on the registrations from the ILR. This is accompanied 
by a description of how the ILR can be used to monitor AF in horses.  

    C A SE DETAIL S 

    History 

 In October 2019, a 9- year- old Danish Warmblood dressage gelding 
was diagnosed with persistent AF and was referred for transvenous 
electrical cardioversion (TVEC) after one unsuccessful attempt of 
cardioversion with quinidine sulphate.  

    Clinical findings and treatment 

 Upon arrival, a clinical examination, bloodwork (biochemistry and 
haematology), ECG and echocardiography were performed. The 
horse was diagnosed with AF and trivial pulmonic and tricuspid re-
gurgitation. The atrial fibrillatory rate (AFR) from the surface ECG 
(Televet, Kruuse) was 440 fibrillations per minute (fpm). Two days 
prior to cardioversion treatment with sotalol (Sotalol, Viatris Aps, 
2 mg/kg bwt BID PO) was initiated, which was continued for 4 weeks 
to minimise the recurrence risk (Broux et al.,  2018 ), the horse under-
went TVEC according to existing procedures (McGurrin et al.,  2005 ). 
Cardioversion was successful after the second shock at 125 J, and 
the horse recovered uneventfully from anaesthesia.  

    Implantation of loop recorder 

 After recovery from anaesthesia, an ILR (Reveal LINQ; Medtronic 
A/S) was implanted on the left thoracic side between the fifth and 
sixth costae at the level of the shoulder joint as previously described 
(Buhl, Hesselkilde, et al.,  2020 ) (Figure  1 ). A single dose of flunixin 
(Finadyne; MSD Animal Health, 1.1 mg/kg bwt IV) was given and 
no antibiotics were used. After the implantation procedure, a pro-
gramming device (CareLink Programmer 2090; Medtronic A/S) was 
used to program the ILR for AF detection with the following settings: 
 AF detection ‘ON- AF only ’, detection sensitivity ‘ Balanced sensitivity’ , 
ectopy rejection ‘ Nominal ’, detection threshold ‘ 0.035 mV ’, record-
ing threshold ‘ All episodes ’ and a symptomatic episode duration of 
7.5 min (Medtronic,  2017 ). In case of AF recurrence, the ILR records 
episode time and date of estimated onset and the duration of AF, 
which then can be extracted from the ILR after manual interroga-
tion with the 2090 programmer (Buhl, Hesselkilde, et al.,  2020 ; Buhl, 
Nissen, et al.,  2020 ). The ILR is automatically programmed to record 
a 2- min ECG from episode detection and is able to store 59 min of 
ECG in total corresponding to 30 episodes. However, when the stor-
age is full, an episode can be stored with episode information as text 
only and no ECG. After interrogation, the storage space of the ILR is 
cleared. The owner received a patient assistant (Medtronic,  2017 ), 
which is a remote that can activate the ILR in case the horse ex-
presses clinical signs. By activating the ILR, an ECG is immediately 
recorded and stored on the ILR, nonetheless manual interrogation is 
necessary to extract the episode.   

    Follow- up examinations with ECG and 
echocardiography 

 Three days after cardioversion, a follow- up cardiac examination 
including a 3- lead ECG, echocardiography (Table  1 ) and interro-
gation of the ILR, was performed. The ECG confirmed the horse 
was in SR; however, several second- degree atrioventricular blocks 
(2AVB) were observed, and often with a repetitive pattern of two 

  F I G U R E   1                    (a) Subcutaneous insertion of a loop recorder (left top corner) with provided introducer. (b) Closing of skin with staples. (c, d) 
after skin healing, the loop recorder is barely visible and usually does not cause any discomfort or problems in relation to rider equipment. 
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consecutive P waves being blocked, followed by three or four con-
ducted beats. The echocardiographic examination revealed signs 
of atrial stunning with increased left atrial diameter (LAD) and left 
atrial area (LAA) while the fractional area change (FAC active ) was 
decreased to only 2.25%. Furthermore, the ILR had not detected 
any AF episodes.  

 Two years later, a second follow- up examination was performed 
with ECG and echocardiography. The ECG showed SR with occa-
sional 2AVB. Comparing the echocardiographic measurements from 
the examination 3 days post TVEC with the examination 2 years 
later, the values were normalised (Table  1 ).  

    Results from the implantable loop recorder 

 Interrogation of the ILR was performed ad hoc and six times in total 
during the 28- month monitoring period. The ILR indicated 184 
alerts, of which 77 included an ECG recording, and the remaining 
only included a text file. The 77 ECG recordings originated from 12 
episodes of pAF (Table  2 ). Two of these were symptomatic, as the 
owner noticed tiredness during riding (Figure  2 ). As SR was not ob-
served between the two symptomatic episodes and they were 1 day 
apart, it should most likely be considered one single episode of pAF. 
All ECGs from these alerts were analysed manually to confirm AF. 
The detected episode duration varied from 6 min to 46.5 h, with pe-
riods between the episodes lasting 4– 245 days. Most episodes were 

detected during the daytime and one in the evening. Because of 
low battery status, the ILR was replaced with another device after 
24 months. The preparation and aftercare for the replacement pro-
cedure was identical to the above- mentioned insertion procedure. 
A small incision of 1 cm was made horizontally on the most dorsal 
part of the ILR through the skin and the thin fibrotic pocket. The old 
ILR could easily be removed and the new was inserted in the same 
pocket, hereafter the skin was closed with two staples. The signal 
from the ILR was checked, and the amplitude was the same as the 
previous ILR.   

 As pAF episodes continued to occur 6 months after TVEC (epi-
sode #4) sotalol (2 mg/kg bwt BID PO) was administered for 4 weeks. 
Hereafter no episodes were registered for 8 months where a new 
episode occurred (episode #5) (Table  2 ), which was the longest du-
ration between two episodes. No episodes occurred during sotalol 
treatment. At the time of writing this paper, the horse is in SR with 
sporadic episodes of pAF.   

    DISCUSSION 

 This case is the first to report the diagnosis of pAF by use of an ILR 
after successful electrical cardioversion to SR and describes how the 
ILR can be used to monitor the AF burden in a Warmblood horse 
with pAF. 

 No specific pattern of the AF burden was observed during the 
28- month period. In this time frame, no progression to persistent 
AF was observed. In theory progression to persistent AF could 
have been hypothesised, presuming that the horse already had 
an abnormal substrate to maintain persistent AF. Previous studies 
have shown that only a few days of AF may cause atrial remodel-
ling, which resulted in an abnormal substrate that promotes AF (De 
Clercq et al.,  2008 ; Hesselkilde et al.,  2019 ). Nevertheless, early 
electrical and functional remodelling can be reversed to some de-
gree when the patient returns to normal SR, which may explain why 
this patient never generated a substantial substrate to maintain per-
sistent AF (De Clercq et al.,  2008 ). In human patients with pAF many 
never progress into persistent AF, and progression is associated with 
increased age, and increased cardiac remodelling such as increased 
atrial size (Hindricks et al.,  2021 ). 

 Ectopic triggering from the myocardial sleeves of the pulmo-
nary veins often causes pAF in human patients (Haïssaguerre 
et al.,  1998 ). Similar mechanisms have been reported in a horse 
(Linz et al.,  2020 ). Spontaneous firing induces an electrical signal 
that travels the atria and can result in short runs of AF, but with 
the lack of a suitable substrate, the electrical activity terminates 
and returns to normal SR. Autonomic tone and interchangeable 
sympathetic/parasympathetic stimuli may promote triggering sig-
nals during daytime (Linz et al.,  2019 ), which could explain why 
the estimated onset of pAF was predominantly during the day-
time. Although, pAF in horses has also been recorded in the night- 
time (Buhl, Nissen, et al.,  2020 ) where vagal activity is assumed to 
predominate. 

   TA B L E   1          Echocardiographic and electrocardiographic 
measurements before TVEC, 3 days and 2 years after TVEC. 

 Measurement 
 Before 
TVEC 

 3 days after 
TVEC 

 2 years 
after TVEC 

 Heart rhythm  AF  SR  SR 

 LAD llx- max  (500)  14.0 cm  12.6 cm  12.1 cm 

 LAA max  (500)  96.2 cm 2   98.1 cm 2   92.0 cm 2  

 LAA min  (500)  77.9 cm 2   76.2 cm 2   73.6 cm 2  

 LAAp (500)    a    78.0 cm 2   82.0 cm 2  

 LA FAC active     a    2.25%  10.25% 

 LVIDd (500)  11.8 cm  11.6 cm  12.1 cm 

 LVIDs (500)  6.9 cm  6.9 cm  6.2 cm 

 LV FS  40%  40%  40% 

 P wave duration    a    204 ms  179 ms 

 PR- interval    a    498 ms  403 ms 

 Mean HR  40 bpm  39 bpm  36 bpm 

     Note : All echocardiographic measurements are allometrically scaled to a 
bodyweight of 500 kg (500).  
   Abbreviations: AF, atrial fibrillation; bpm, beats per minute; FAC, 
fractional area change; HR, heart rate; LAA, left atrial area; LAD llx , 
left atrial diameter (left long axis); LV FS, left ventricular fractional 
shortening; LVID(d/s), left ventricular internal diameter in systole or 
diastole; SR, sinus rhythm; TVEC, transvenous electrical cardioversion.  
    a   Measurements are not obtainable during AF. All examinations were 
performed by the same operator.     
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 Paroxysmal AF has primarily been reported in racing horses 
without underlying cardiac conditions, with an incidence up to 4.9% 
diagnosed by use of short- term ECG recordings (Nath et al.,  2021 ; 
Slack et al.,  2015 ). When using ILR a much higher frequency of 33% 
has been reported (Buhl, Nissen, et al.,  2020 ). This suggests that 
continuous monitoring with ILR allows diagnosis of even short ep-
isodes and thus increasing the detection frequency of the arrhyth-
mia. However Buhl, Nissen, et al. ( 2020 ) only included 12 horses all 
with poor performance, which might also explain the higher preva-
lence in their study. 

 In the current case, two of 12 episodes were recorded as symp-
tom episodes when the owner activated the ILR with the patient 
assistant due to reduced performance during riding. However, it is 
uncertain if exercise was the trigger of pAF or if pAF was already 
present during riding as the transition from SR to AF was not ob-
served, nor was AF onset recorded by the ILR at any other time 
points. Motion artefacts limited the arrhythmia detection of the ILR 
during exercise. A similar limitation of the ILR has previously been 
reported (Buhl, Nissen, et al.,  2020 ). 

 Several clinical factors have been associated with the risk of 
recurrence including previous unsuccessful attempt of cardio-
version, reduced LA FAC, mitral regurgitation, longer AF duration 
and increased AFR (Buhl et al.,  2022 ; Decloedt et al.,  2015 ; Reef 
et al.,  1988 ; Vernemmen et al.,  2020 ). This case went through one 
unsuccessful attempt of cardioversion with quinidine and had an 
AFR of 440 fpm, which is above the level of 380 fpm that is associ-
ated with increased risk of recurrence (Buhl et al.,  2022 ). The atrial 
contractile function was assessed by atrial area measurements 
obtained from 2D echocardiography; however, more advanced 

techniques such as Tissue Doppler Imaging or 2D speckle track-
ing provides additional information about the myocardial function 
(Eberhardt et al.,  2020 ; Schwarzwald et al.,  2007 ). These methods 
need to be validated in horses examined in AF. Interestingly, the lon-
gest duration between episodes (245 days) was following the sec-
ond treatment of sotalol. As a class III antiarrhythmic drug, sotalol 
prolongs the atrial and ventricular effective refractory period and 
lowers the heart rate, decreasing the risk of re- entry and recurrence 
of AF (Broux et al.,  2018 ; Decloedt et al.,  2018 ). However, it also 
prolongs the QT- interval, which increases the risk of dangerous ven-
tricular arrhythmias (Decloedt et al.,  2018 ); therefore, sotalol should 
be used with care and only mild exercise was recommended during 
treatments. As this case was a patient at risk of AF recurrence, we 
decided on a 4- week treatment period with sotalol, but it is uncer-
tain if a shorter treatment period or no treatment at all would have 
resulted in the same AF burden. 

 At no time did the horse show any signs of discomfort from the 
ILR. The ILR was programmed to detect ‘AF only’, based on the pa-
tient ' s history of persistent AF and our previous experience with 
using ILR for AF detection (Buhl, Hesselkilde, et al., 2020 ; Buhl, 
Nissen, et al.,  2020 ). As the ILR is developed for human purposes, 
the normal heart rate in horses and frequent 2AVB may be misin-
terpreted as asystole or bradycardia. One part of the ILR algorithm 
uses P wave detection to rule out AF, but in horses the P wave can 
be difficult to detect, as the small electrodes are only a few centime-
tres apart. Also, movement artefacts easily affect the ILRs ability to 
sense correctly. These factors can affect the ILR ' s ability to detect 
AF correctly, including the registered time of onset and duration. 
This should be considered when using ILRs in horses. Therefore, all 

   TA B L E   2          Data collected by the implantable loop recorder (ILR). 

 Episode no. 
 Episode detection date 
(dd.mm.yy) 

 Time of estimated onset 
(hh:mm)  Duration (hours, minutes) 

 Days since 
previous episode 

  TVEC   6.11.19  10:00  —   —  

 # 1  28.2.20  12:20  25 h 52 min  115 

 # 2  5.4.20  13:43  SYMPTOM  37 

 # 3  6.4.20  16:11  SYMPTOM    a   

 # 4  23.4.20  12:54  46 h 32 min  17 

 # 5  24.12.20  13:38  46 h  245 

 # 6  4.1.21  11:04  7 h 50 min  11 

 # 7  19.3.21  11:22  28 h 30 min  74 

 # 8  26.8.21  10:16  27 h 42 min  160 

 # 9  30.8.21  10:46  6 min  4 

 # 10  13.9.21  10:42  23 h 28 min  14 

 # 11  9.10.21  8:20  6 min  26 

 # 12  11.2.22  20:27  43 h 38 min  125 

 Total      Range 6– 46:32  Range 4– 245 

     Note : The ILR provides information on the detection date (dd.Mm.Yy) and time of estimated onset (hh:mm), duration of episodes (hours minutes). 
Furthermore, days since previous episodes are included in this table.  
   Abbreviations: TVEC, transvenous electrical cardioversion.  
    a   Episode #2 and #3 could be considered one single episode as they appear only 1 day apart; however, they are listed as two separate episodes as they 
are recorded as SYMPTOM episodes. SYMPTOMS are episodes of 7.5 min recorded when a patient assistant is activated by the owner.     
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ECGs were analysed manually. In humans, the Reveal LINQ diagnos-
tic sensitivity to detect AF episodes is 97.3% (Sanders et al.,  2016 ). 
Nevertheless, future studies investigating the sensitivity and spec-
ificity of insertable monitoring devices for AF detection in horses 
are needed. 

 The ILR was replaced after 2 years as it ran low on battery. As 
the ILR has a storage and battery limitation, frequent interrogation 
is necessary to ensure that ECGs are stored. Human patients get 
their ILR implanted in ambulatory clinics and are assigned a home 

monitor, which automatically transfers data from the ILR via a 3G 
network to an online storage system accessible by their doctor. 
Hopefully, this could be the future in equine medicine to overcome 
the logistic issues related to interrogations. The ILRs are expensive 
and factors such as economy, age and performance level should be 
considered in every case. Currently, insertable cardiac monitoring 
devices in horses have mostly been used for research purposes 
and are not yet easily available in clinical settings. As pAF appears 
sporadically, it might not be detected during short ECG recordings 

  F I G U R E   2                    (a) ECG of paroxysmal atrial fibrillation detected by the implantable loop recorder. Bottom line shows heart rate in beats per 
minutes (Bpm). VS, ventricular sensing, (b) ECG showing sinus rhythm from the same patient. 
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(2/4/7 days), and this is where continuous monitoring devices be-
come beneficial. 

 This report demonstrates how an ILR can be applied in horses 
at risk of AF recurrence or cases with reduced performance of un-
known cause. Continuous monitoring of pAF episodes can be use-
ful to follow the AF burden and add valuable information in case of 
disease progression. If monitored closely, the ILR has the potential 
to facilitate early intervention if medical and/or electrophysiological 
techniques can be proven to prevent recurrence of persistent AF in 
the future.  
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        PAROX YSMAL ATRIAL FIBRILL ATION IN 
HORSES 

 Paroxysmal atrial fibrillation (AF) has been associated with poor 
performance in equine athletes but diagnosing this arrhythmia can 
be daunting (Kjeldsen, Nissen, et al.,  2022 ; Nath et al.,  2021 ). The 
case report of Kjeldsen, Jensen, et al. ( 2023 ) describes the use of an 
implantable loop recorder (ILR) to detect multiple episodes of par-
oxysmal AF in a Warmblood dressage horse after successful trans-
venous electrical cardioversion. Paroxysmal AF is defined as AF 
which spontaneously converts to sinus rhythm within 24– 48 h (Reef 
et al.,  2014 ) up to 5 days (van Loon,  2019 ). Paroxysmal AF is most 
commonly described immediately after exercise in poor perform-
ing or non- finishing racehorses. A prevalence of 0.29% was found 
among horses racing in Japan Racing Association- sanctioned races, 
with an overall frequency of 0.03% (1 in 3333 race starts) (Ohmura 
et al.,  2003 ). In 92.7% of these AF episodes, the arrhythmia con-
verted to sinus rhythm within 24 h without medical treatment. In a 
retrospective study among Thoroughbreds racing in Hong Kong, the 
overall incidence of postrace AF was 4.9 per 100 horses registered to 
race during the study period, with an incidence of 2.7 per 1000 starts 
(Nath et al.,  2021 ). In Standardbred racehorses, the frequency of AF 
was 2.0% among non- finishers and slow finishers (Slack et al.,  2015 ). 
Due to its self- limiting and temporary nature, the actual prevalence 
of paroxysmal AF is difficult to determine and the arrhythmia is 
probably underdiagnosed. As for other exercise- associated arrhyth-
mias, the reproducibility of exercising electrocardiography (ECG) 
should be taken into account when exercise testing is performed to 
diagnose paroxysmal AF as a potential cause of poor performance. 
Previous research has suggested that multiple exercise tests may be 
needed to detect the presence of arrhythmias, although the exercis-
ing rhythm was more consistent than the postexercise rhythm (Navas 
de Solis et al.,  2016 ). Computer- based analysis of the ECG in sinus 

rhythm has also been proposed as a screening tool for paroxysmal 
AF, based on complexity analysis with two estimators (Alexeenko 
et al.,  2020 ) or restitution analysis combined with a machine learning 
algorithm (Huang et al.,  2022 ). Although these analyses might be a 
potential screening tool for paroxysmal AF, the diagnosis cannot be 
confirmed by these techniques alone. Continuous rhythm monitor-
ing using an implantable loop recorder (ILR) therefore seems to be an 
interesting diagnostic technique.  

    IMPL ANTABLE LOOP RECORDERS 

 The use of ILRs has been described in horses for the detection of AF 
and pathological bradyarrhythmias (Buhl, Hesselkilde, et al.,  2021 ; 
Buhl, Nissen, et al.,  2021 ; Lyle et al.,  2010 ; Nissen et al.,  2022 ). An 
ILR is a small subcutaneously implanted device which continuously 
monitors the ECG and analyses the cardiac rhythm. In case of pre-
defined arrhythmic events, short ECG snapshots are recorded and 
stored. ILR implantation in horses is feasible, minimally invasive 
and safe (Buhl, Hesselkilde, et al.,  2021 ). However, the anatomical 
location is crucial for optimal detection of arrhythmias. The implant 
site at the sixth left intercostal space at the level of the shoulder 
joint resulted in the best signal quality with high R wave amplitudes 
and high R/T amplitude ratio. ILRs have been used to detect parox-
ysmal AF in racehorses with intermittent poor performance (Buhl, 
Nissen, et al.,  2021 ). In that study, paroxysmal AF was diagnosed 
in 4/12 Standardbreds with decreased performance. Remarkably, 
only two episodes occurred during competition while the other 
episodes occurred during training or at rest. However, a major limi-
tation of ILRs is the presence of motion artefacts and insufficient 
ECG quality during exercise. Exercise- associated paroxysmal AF 
may still be diagnosed as the ILR can detect arrhythmias immedi-
ately after exercise (Buhl, Nissen, et al.,  2021 ), but the application 
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of ILRs to detect exercise- associated ventricular arrhythmias is 
limited. In contrast, ILRs might be useful in clinical patients with 
suspected pathological bradyarrhythmias or unexplained collapse 
(Keen,  2020 ). In one horse with collapse, the ECG obtained dur-
ing two syncopal episodes did not reveal arrhythmias or abnormal 
complexes which led to a presumed diagnosis of neurocardiogenic 
syncope by increased vasodepressor activity (Lyle et al.,  2010 ). 
In another case suffering from multiple collapses, the ILR re-
vealed episodes with consecutive second- degree atrioventricular 
blocks generating pauses of over 5 s duration (Nissen et al.,  2022 ). 
However, no recordings during collapse were obtained due to lack 
of battery power.  

    RESE ARCH TOOL OR DIAGNOSTIC 
TECHNIQUE? 

 Kjeldsen, Jensen, et al. ( 2023 ) suggest that ILRs may be useful for 
early diagnosis of recurrent AF after cardioversion. Close follow-
 up of these patients is indeed important as the recurrence rate of 
AF after electrical or pharmacological cardioversion is up to 40% 
(Decloedt et al.,  2015 ; Premont et al.,  2022 ; Vernemmen et al.,  2022 ). 
Timely detection of recurrence is crucial to prevent atrial myocardial 
remodelling and to ensure horse and rider safety as AF can cause 
high heart rates and abnormal ventricular activation during exer-
cise, which has been associated with collapse or in rare cases sud-
den death (Decloedt et al.,  2020 ). However, the ILR used in this case 
report required manual interrogation to extract the data. Although 
the owner did receive a patient assistant which could activate the 
ILR in case the horse expressed clinical signs, interrogation of the 
ILR with advanced equipment by a veterinarian was necessary to 
confirm the rhythm during a symptomatic episode. Interrogation of 
the ILR was performed six times over a 28- month monitoring period, 
which implies that episodes of paroxysmal AF or even recurrence of 
persistent AF could potentially remain unnoticed for months. Early 
diagnosis of AF recurrence in equine athletes may be achieved more 
easily using other methods such as heart rate monitoring to evaluate 
heart rate variability (Broux et al.,  2018 ; Broux, De Clercq, Decloedt, 
Ven, et al.,  2017 ). The automatically calculated RMSSD (root mean 
squared successive differences in RR interval) at rest, walk and trot 
was significantly higher during AF compared with sinus rhythm. 
These data can be visualised and interpreted by the owner, and 
abnormal results may prompt immediate follow- up diagnostics by 
the veterinarian. Recently, Nath et al. ( 2022 ) also demonstrated the 
applicability of a smartphone electrocardiography device for distin-
guishing AF from sinus rhythm. Although the device cannot be ap-
plied during exercise, smartphone ECG recordings can be used as a 
diagnostic technique during the immediate post- exercise period and 
allow a definite diagnosis of AF. Another option could be the use 
of equine fitness trackers which record a single lead ECG in addi-
tion to other parameters such as heart rate (Ter Woort et al.,  2023 ). 
However, these wearable devices are not suitable for long- term 
monitoring at rest. 

 Continuous rhythm monitoring with recording and early detec-
tion of arrhythmic events can be achieved using an ILR with remote 
monitoring, which automatically transfers data to an online storage 
system accessible by the veterinarian. Depending on the manufac-
turer, recent ILRs transmit data to an online server on a daily basis 
which sends a message to the clinician in case of arrhythmia detec-
tion. The use of such a system was recently described in horses, 
using a Biomonitor II with home monitoring (Biotronik) which al-
lowed immediate detection of paroxysmal AF (van Loon,  2021 ). In 
human medicine, the use of cardiac implantable electronic devices 
with remote monitoring has expedited timely recognition of ILR- 
detected arrhythmias (Slotwiner et al.,  2015 ). On the other hand, 
the burden of erroneous alert transmissions is high, with up to 
59.8% false- positive alerts (O ' Shea et al.,  2021 ). The specificity 
of ILR arrhythmia detection in horses remains to be determined, 
but the presence of artefacts or physiological arrhythmias may 
result in false positive diagnoses (Buhl, Hesselkilde, et al.,  2021 ). 
Erroneous alerts were common in the horses monitored by our 
clinic, mainly due to bradycardia alerts in case of second degree 
atrioventricular block. Adjusted automated analysis and artificial 
intelligence may overcome this hurdle, allowing timely detection of 
clinically relevant arrhythmias without burdensome workflow for 
the veterinarian. 

 However, the question arises whether early detection of par-
oxysmal AF is clinically relevant in equine athletes, as treatment 
options are limited. Kjeldsen, Jensen, et al. ( 2023 ) suggest that 
early detection of paroxysmal AF is important to initiate antiar-
rhythmic treatment and prevent the development of persistent 
AF. Episodes of paroxysmal AF may result in electrical, contractile 
and structural remodelling of the atrial myocardial tissue, which 
could in turn give rise to progression to persistent AF (Hesselkilde 
et al.,  2019 ). Antiarrhythmic treatment may be useful to reduce the 
presence and duration of paroxysmal AF episodes and counteract 
harmful atrial remodelling. In the case report of Kjeldsen, Jensen, 
et al. ( 2023 ), the longest duration between episodes of paroxysmal 
AF (8 months) was after a 4- week treatment with 2 mg/kg bwt so-
talol administered orally. Although it is unsure whether there was a 
causal relationship between sotalol treatment and the absence of 
AF episodes in the following months, the use of sotalol has been 
suggested as a strategy to reduce the risk of AF recurrence after 
cardioversion (Decloedt et al.,  2021 ). As a class III antiarrhythmic 
drug, sotalol prolongs the atrial and ventricular effective refractory 
period and lowers heart rate, thereby decreasing the risk of re- entry 
and recurrence of AF (Broux, De Clercq, Decloedt, Vera, et al.,  2017 ; 
Decloedt et al.,  2018 ). However, the drug also prolongs the QT inter-
val and therefore Kjeldsen, Jensen, et al. ( 2023 ) only recommended 
mild exercise during sotalol treatment. In addition, sotalol is listed 
on the FEI prohibited substances list as controlled medication and 
a withdrawal time must be observed before competing (Fédération 
Equestre Internationale,  2022 ). Therefore, prolonged use of sotalol 
in equine athletes is not possible. Furthermore, evidence for the ef-
fect of sotalol on AF recurrence is currently lacking as no randomised 
controlled clinical trial has been performed. Other antiarrhythmic 
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drugs such as propafenone, amiodarone and phenytoin (Decloedt 
et al.,  2015 ; Dicken et al.,  2012 ) have been proposed but so far al-
most no clinical data are available. 

 While the medical treatment options are limited, an ILR could 
potentially record the onset of atrial fibrillation and elucidate the 
underlying mechanism. For example, Figure  1  shows a modified 
base- apex ECG recording of a 4 year old Warmblood stallion at 48 h 
after transvenous electrical cardioversion of AF. In this horse, recur-
rence was initiated by an episode of atrial tachycardia. When atrial 
tachycardia is confirmed as the underlying trigger for developing AF, 
treatment by 3D electro- anatomical mapping and radiofrequency 
catheter ablation could be a successful treatment strategy (Van 
Steenkiste et al.,  2022 ).   

    CONCLUSION 

 Implantable loop recorders allow continuous monitoring of the 
cardiac rhythm and facilitate detection of arrhythmias in equine 
patients. The current limitations of ILRs include the presence of 
motion artefacts which impede detection of exercise- associated ar-
rhythmias, the lack of early arrhythmia detection when manual in-
terrogation is necessary and the burden of false- positive alerts in 
case of remote monitoring. ILRs are therefore very useful to study 
the pathophysiology of equine arrhythmias such as paroxysmal AF, 
but remote monitoring is required to allow early diagnosis and treat-
ment of this arrhythmia. ILRs are also useful to detect or exclude 
pathological bradyarrhythmias in horses with a history of collapse 
and to detect whether the initiating mechanism of AF recurrence 
after cardioversion is atrial tachycardia as these horses may benefit 
from radiofrequency ablation.  
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    INTRODUC TION 

 Granulation tissue is normally present in wounds healing by the 
second intention. This healing phase is followed by contraction and 
epithelialisation. Exuberant granulation tissue (EGT) in horses is 
common and mostly affects the distal limbs. 

 The exact cause of EGT remains unknown in horses but many 
factors can contribute to its formation, including amongst others: 
weak acute inflammatory response followed by chronic inflamma-
tion of the wound, mechanical stress and oxygen levels (hypoxia) 
(Theoret & Wilmink,  2016 ). The localisation of the wound at the 
distal limb, and its challenging immobilisation associated with the 
absence of tissue and vascular support, increase the risk of EGT for-
mation (Theoret & Wilmink,  2016 ). 

 In human medicine, tissues arising from an excessive heal-
ing response in the ocular conjunctiva are misnamed conjunctival 
pyogenic granuloma (CPG), although neither infectious nor histo-
logically granulomatous (Ferry,  1989 ). The CPG is a benign vasop-
roliferative inflammatory response composed of granulation tissue 

(Jordan et al.,  2001 ) and although mainly associated with surgical 
sites (DeMaria et al.,  2018 ; Espinoza & Lueder,  2005 ; Ferry,  1989 ; 
Nair et al.,  2020 ; Oke et al.,  2017 ; Wu et al.,  2017 ) or chronic stress, 
(DeMaria et al.,  2018 ; Ferry,  1989 ; Lin et al.,  2002 ; Oke et al.,  2017 ; Wu 
et al.,  2017 ) no aetiology was determined for some cases (Ferry,  1989 ; 
Lee et al.,  2019 ). Conjunctival pyogenic granuloma is usually self- 
limiting or easily treated medically with corticosteroids (Espinoza & 
Lueder,  2005 ); however, in some instances, medical control can be 
challenging (Wu et al.,  2017 ), and surgical excision can be indicated 
(DeMaria et al.,  2018 ; Espinoza & Lueder,  2005 ; Wu et al.,  2017 ). 

 To the authors '  knowledge, recurrent conjunctival EGT has not 
previously been reported on the conjunctiva in horses.  

    C A SE HISTORY 

 A 22- year- old female pony weighing 182 kg was presented at the 
Equine Hospital of the Université de Montréal for a right blue eye 
and loss of vision. A board- certified veterinary ophthalmologist 
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      Summary 
 A 22- year- old pony mare was presented at the Equine Hospital of the Faculty of Veterinary 
Medicine with a pedunculated exuberant granulation tissue (EGT) located at the lateral 
bulbar conjunctiva of the right eye. The granulation tissue, diagnosed by histology, grew 
over three and a half weeks after a superior and inferior Gundersen inlay flap procedure. 
The pony ' s underlying ocular pathology was diffuse corneal oedema, suspected to be 
related to immune- mediated keratitis affecting the endothelium. Despite several surgical 
resections, topical corticosteroid treatment, intralesional injection of methylprednisolone 
acetate and electrosurgical cauterisation, the combination of a ligature at the peduncle 
base of the mass, intralesional injection of methylprednisolone acetate and removal of 
the facemask seemed to be the most efficient treatment. The mass did not recur after 
33 months of follow- up. Similar healing tissue has been reported, secondary to surgical 
ophthalmic procedures in human medicine, in which it is called a conjunctival pyogenic 
granuloma (CPG).  
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horse ,    conjunctival exuberant granulation tissue ,    Gundersen inlay flap ,    immune- mediated keratitis , 
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performed a complete bilateral ophthalmic examination (Data  S1 ) 
and the corneal lesion was compatible with immune- mediated kera-
titis affecting the endothelium of the right eye (Gilger et al.,  2005 ; 
Matthews & Gilger,  2009 ). 

 Because topical and systemic treatment for 1 week was not suc-
cessful (Gilger et al.,  2005 ), a superficial keratectomy and Gundersen 
inlay flap were performed, to improve corneal oedema and vision, 
and to prevent secondary corneal ulceration (Giannikaki et al.,  2020 ; 
Rodriguez Galarza & McMullen,  2020 ; Scherrer et al.,  2017 ) (Data  S2 ). 
The treatment attempted before the surgery included topical 5% 
hypertonic saline (four times daily; MURO 128®, Bausch & Lomb), 
topical 1.5% diclofenac (three times daily, Sandoz Canada Inc.) and 
daily oral dexamethasone (15 mg for 3 days, 10 mg for 3 days then 
5 mg for 6 days; Dominion Veterinary Laboratories Ltd.). The topi-
cal post- operative treatments were administered via a subpalpebral 
lavage system (SLS) (MILA International Inc.) placed in the medial 
fornix of the right lower eyelid (Giuliano et al.,  2000 ), four times 
daily until the recheck including 0.3% tobramycin (Sandoz Canada 
Inc.), 5% hypertonic saline and autologous serum. The 1% atropine 
(Isopto- atropine®, Alcon Canada Inc.) was administered once daily, 
for three and a half weeks, until the recheck. A facemask with rigid 
eye protection (Eye Saver Kit, Jorgensen Laboratories Inc.) was used 
while the SLS remained in place. 

 Three and a half weeks following surgery, the owner noted a 
mass growing in the lateral canthus of the right eye, which was fur-
ther evaluated. Besides the graft integration characterised by con-
junctival vessels from upper and lower graft invading the cornea, a 
1- cm diameter round, pink, smooth pedunculated mass originating 
from the site of the bulbar conjunctival flap was visible (Figure  1a ).  

    Medical, surgical treatments and outcome 

 To avoid an incomplete eyelid closure and secondary corneal le-
sions, the mass was surgically excised at its base using Stevens scis-
sors under general anaesthesia (intravenous xylazine (0.1 mg/kg 
bwt) and butorphanol (0.02 mg/kg bwt; Torbugesic®, Zoetis) pre-
medication and intravenous ketamine (2.2 mg/kg bwt, Narketan®, 
Vetoquinol) and propofol (0.55 mg/kg bwt) induction, PropoFlo28®, 
Zoetis) (Data  S3 ). The topical treatment included: 1.5% diclofenac 
three times daily for 1 week, 0.3% tobramycin three times daily and 
5% hypertonic saline four times daily until the recheck. Atropine and 
serum were discontinued while the conjunctival graft was being in-
tegrated into the cornea. 

 Two weeks after the first surgical excision, the mass recurred 
and surgical excision was performed 1 week later. Surgical excision 
performed as previously described was combined with electrosurgi-
cal cauterisation (ForceTriad™ Energy Platform, Medtronic Canada 
Minimally Invasive Therapies) and the base of the mass was infil-
trated with methylprednisolone acetate (16 mg). The mass recurred a 
second time, 2 weeks after the second surgical excision. Topical 0.1% 
dexamethasone (Maxidex®, Novartis Pharma Canada Inc.) was pre-
scribed three times daily for 2 weeks. Because of the progression of 

the size, although slower than at the first recurrence, the mass was 
infiltrated with methylprednisolone acetate (12 mg) under standing 
sedation (intravenous xylazine; 0.4 mg/kg bwt). One month after 
this last injection, the mass increased significantly (especially in the 
last 2 weeks), and the horse was reassessed. 

 By that time (fifteen and a half weeks after the conjunctival 
graft), the SLS was removed and a non- sterile elastic tape was firmly 
tied at the base of the mass until the mass turned reddish black 
(Figure  2 ). The mass and its peduncle were infiltrated with 18 mg 
of methylprednisolone acetate, on standing sedation (intravenous 
xylazine; 0.4 mg/kg bwt). The facemask was removed.  

 The day after the placement of the non- sterile elastic tape, the 
mass detached from its peduncle. The pony was reevaluated a week 
later, and the mass did not recur; 8 mg of methylprednisolone ace-
tate was injected in the free- rising peduncle (5 × 5 mm), on standing 
sedation (intravenous xylazine; 0.55 mg/kg bwt). The corneal oe-
dema was moderate, and the pony returned to its previous function 
as a riding school pony. 

 The exuberant granulation tissue did not recur 33 months after 
the last injection of methylprednisolone acetate.  

    Diagnosis: Histopathological findings 

 The mass was histologically analysed after each surgical excision by 
an ACVP and ECVP- certified pathologist (MOBB). 

 Macroscopically, the submitted mass was round, white, smooth 
and firm; it measured 1.3 × 1.1 × 0.5 cm. Histologically, the mass con-
sisted of fibrovascular tissue composed of fibroblasts oriented paral-
lel to the surface, with perpendicularly- oriented blood vessels, which 
were lined by plump, reactive endothelial cells. The fibrous tissue was 
denser at the core of the mass, where mild lymphocytic infiltrates were 
observed. The surface of the mass was partially covered by a stratified 
squamous epithelium, which was sometimes eroded and multifocally 
ulcerated, exposing necrotic tissue moderately infiltrated by neutro-
phils and covered with a fibrinoleucocytic exudate (Figure  1b,c ). Gram 
and PAS stains did not reveal bacteria or fungi. This histopathologic 
description was compatible with granulation tissue. 

 Bacterial culture was not performed as the clinical presentation 
(absence of ocular discharge) did not suggest an infectious process.   

    DISCUSSION 

 Aside from granulation tissue, the differential diagnosis for a con-
junctival mass includes a squamous cell carcinoma (Giuliano,  2017 ), 
subconjunctival  Setaria equina  nodule (Regnier et al.,  2019 ), foreign 
body granuloma (less likely considering the absence of a mucopu-
rulent ocular discharge), and sarcoid (Theoret & Wilmink,  2016 ). 
Furthermore, like EGT in veterinary medicine, CPG in human medi-
cine can resemble squamous cell carcinomas or be associated with 
this tumour (Herwig- Carl et al.,  2019 ), justifying the need for histo-
pathological evaluation to differentiate the two lesions and provide 
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the appropriate treatment. In the current case, a squamous cell 
carcinoma was initially suspected because of the localisation, fast 
growth and the appearance of the mass. 

 According to the authors '  knowledge, a bulbar conjunctiva lo-
cation has not been reported in other animal species, and this is 
the first case report describing recurrent conjunctival exuberant 
granulation tissue in a horse. In human medicine, CPG grows be-
cause of an excessive healing response. The exact aetiology re-
mains undetermined in some cases (Ferry,  1989 ; Lee et al.,  2019 ). 
Such lesions can be localised on the tarsal or bulbar conjunctiva 
(DeMaria et al.,  2018 ; Wu et al.,  2017 ). In our case, the bulbar 

conjunctival EGT grew at the lateral canthus. Subconjunctival su-
ture of the lateral canthus rubbing on the bulbar conjunctiva could 
have contributed to the development and growth of the conjunc-
tival EGT. However, at the first recheck (24 days after the surgery), 
no subconjunctival suture was visible at the conjunctival aspect of 
the lateral canthus. According to the manufacturer, the resorption 
time of polyglactin 910 is 56– 70 days, therefore, after the first and 
the second mass removal (24 and 46 days after the initial surgery, 
respectively), the incompletely resorbed suture knot could have 
rubbed on the bulbar conjunctiva through the palpebral conjunc-
tiva. Although never observed in the authors '  personal experience, 
the subconjunctival suture (and the knot ' s size) may be considered 
as a predisposing factor for the occurrence of a conjunctival EGT 
as, when the non- sterile elastic tape was firmly tied at the base of 
the mass on day 107 after the initial surgery, the subconjunctival 
suture should have been completely resorbed, and the mass did not 
recur at that time. 

 Conjunctival dissection could be a predisposing factor for con-
junctival EGT in this study, as in human surgery. Although, the 
conjunctiva was dissected at 120° dorsally and 120° ventrally, the 
conjunctival EGT occurred only in the dorsolateral aspect of the bul-
bar conjunctiva. 

 In human medicine, 90% of CPG cases are effectively treated 
with topical corticosteroids (Espinoza & Lueder,  2005 ). In the cur-
rent study, topical or intralesional injections of corticosteroids alone 
were not successful. 

 Conjunctival flora in healthy horses is mostly composed of 
gram- positive bacteria, with a lower proportion of gram- negative 
bacteria, and fungi (Gemensky- Metzler et al.,  2005 ; LaFrentz 
et al.,  2020 ; Moore et al.,  1988 ). Healthy eyes represent an 

  F I G U R E   1                    (a) Photograph of the 1- cm diameter round, pink, smooth pedunculated mass at the lateral canthus of the right eye. The 
corneal oedema and superior Gundersen inlay flap are visible. (b) Histologic section of the mass stained with haematoxylin phloxine saffron 
(HPS) (bar = 4 mm). The black square is magnified and represented in the next picture. (c) Histologic section of the mass stained with HPS (×5 
magnification) showing the tissue organisation of the exuberant granulation tissue, partially covered by an eroded epithelium. 

(a)

(b)

(c)

  F I G U R E   2                    Photograph of the mass at the second recurrence. 
The non- sterile elastic tape was firmly tied at the base of the mass 
until the mass turned reddish black. 
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unfavourable environment for the growth and invasion of fungi 
because of the normal ocular surface flora, lacrimal flow, and me-
chanical movement of the eyelids (Gould et al.,  2021 ). These de-
fence mechanisms explain why ocular infections are uncommon 
unless anatomic barriers are compromised (Gould et al.,  2021 ). 
Colonisation by fungi can occur after corneal trauma, particu-
larly when corticosteroids are administered (Gould et al.,  2021 ) 
and the use of long- term corticosteroids is believed to increase 
the risk of secondary fungal and bacterial infections (Gaarder 
et al.,  1998 ; McMullen Jr. & Fischer,  2017 ; Nasisse & Nelms,  1992 ). 
Subconjunctival corticosteroid injection is used in severe cases of 
equine recurrent uveitis when the topical treatment is not suffi-
cient (Gilger & Hollingsworth,  2017 ). In horses, subconjunctival in-
jections of methylprednisolone can lead to abscess and granuloma 
formation (Gilger & Hollingsworth,  2017 ) and osseous metaplasia 
(Donaldson et al.,  2012 ). The exact incidence of side effects specif-
ically associated with the subconjunctival injection is not reported 
in the veterinary literature; in the current case, the cornea was in-
tact, the fluorescein test was negative, and the graft was integrated 
into the cornea when the subconjunctival injections were adminis-
tered, and no associated side effects were observed. 

 Medically uncontrolled CPG is reported in the human litera-
ture and surgical removal is recommended in those cases (DeMaria 
et al.,  2018 ; Espinoza & Lueder,  2005 ; Wu et al.,  2017 ). The treatment 
of EGT in horses is based on the management of the causal factors 
or consists of removing the exuberant tissue if it is already present. 
The most commonly used treatments in veterinary medicine include 
surgical resection (Fretz et al.,  1983 ; Theoret & Wilmink,  2016 ) and 
topical short- acting corticosteroids (Barber,  1990 ). In this case, a re-
currence of the tissue occurred despite these two treatments. 

 In this case, ligation led to ischaemic necrosis by cutting off the 
blood flow of the tissue and prevented the recurrence of the CPG. In 
farm animals, rubber rings can be used for castration and tail docking 
(Dinniss et al.,  1997 ; Sutherland & Tucker,  2011 ). Both procedures 
are considered painful, and injection of local anaesthetic is recom-
mended (Dinniss et al.,  1997 ; Sutherland & Tucker,  2011 ). In our case, 
local anaesthesia could have been considered, but the tissue was 
considered insensitive based on clinical observations. Furthermore, 
the discomfort associated with ligation, if present, was short- lived 
as the mass fell away the following day. Injection of methylprednis-
olone acetate at the base of the peduncle was performed to control 
the potential inflammatory response from the viable peduncle sec-
ondary to this necrotic process. 

 In human medicine, ligature using suture, rubber band liga-
tion or metal clip have been used to treat ulnar polydactyly, hae-
morrhoids and skin tags (acrochordon) (Patillo & Rayan,  2011 ; 
Schonauer et al.,  2021 ; Shanmugam et al.,  2005 ;). For haemorrhoids, 
rubber band ligation is considered less painful than surgical excision 
(Shanmugam et al.,  2005 ). Surgical excision is considered for grade 
III haemorrhoids or in cases of recurrence after rubber band ligation 
(Shanmugam et al.,  2005 ). In our case, surgical excision was chosen 
first and, after two recurrences, rubber band ligation was considered 
and successfully performed. 

 In conclusion, the conjunctival ETG in our case likely developed 
secondary to the conjunctival surgery with dissection and chronic 
stress induced by the palpebral conjunctival suture could not be ex-
cluded. Mechanical ligation at the base of the pedunculated mass 
associated with the removal of the facemask, and intralesional injec-
tion of long- acting corticosteroids were efficient to stop the recur-
rence of the conjunctival exuberant granulation tissue.  
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       It is rare to read a modern scientific publication that describes a sur-
gical technique used on human anal haemorrhoids for the manage-
ment of an ocular disorder in a horse, but Bessonnat et al. ( 2023 ) 
describe the use of ligation, as described for haemorrhoids, for the 
treatment of recurrent ocular exuberant granulation tissue in a pony 
that was unresponsive to traditional therapies. 

 Exuberant granulation tissue is an uncommon complication after 
corneal surgery in horses and usually develops at the harvest site 
of the conjunctival graft in the bulbar conjunctiva. As thoroughly 
described by the authors, exuberant granulation tissue in horses 
generally responds well to topical or local injection of corticoste-
roids, with or without tissue resection. In the pony described in this 
case report, the granulation tissue originally developed after a con-
junctival graft surgery (Gunderson flap) was performed for the man-
agement of presumed endothelial immune- mediated keratitis. The 
granulation tissue was large, exuberant, and recurred twice despite 
standard- of- care therapy (i.e. use of topical and local steroid injec-
tion and resection using electrosurgical cauterisation). Following the 
two recurrences, the authors elected to use a ligature tape applied 
to the base of the pedunculated granulation tissue, as described for 
the treatment of severe haemorrhoids in humans. Following the li-
gation, the pedunculated granulation tissue turned reddish- black 
and spontaneously detached within 24 h after the ligation proce-
dure. Following this technique, the eye recovered uneventfully and 
the granulation tissue did not recur during the 33- month follow- up 
period. The authors are applauded for their outside- of- the- box ap-
proach to effectively treat this case, despite venturing for inspiration 
to an anatomic location of the body whose surgical techniques are 
not commonly translated to the treatment of diseases of the eye. 

 Recurrent periocular masses are common in horses, but these 
lesions are generally neoplastic. Periocular squamous cell carcinoma 
is a common example. Therefore, it is important that any mass re-
moved from a horse ' s eye be examined histologically to definitively 
determine the underlying cause, if possible. The surgeon must differ-
entiate granulation tissue from squamous cell carcinoma, lymphoma, 

and parasitic granulomas, among other causes. Most non- responsive 
or recurrent masses are simply the result of a misdiagnosis of the 
lesion and subsequent inappropriate treatment of the underlying 
cause(s). Specific and aggressive adjunctive therapy is needed to 
manage periocular neoplasia for example, and ligation or resec-
tion alone will result in the recurrence of the mass in greater than 
50% of the cases, depending on the specific underlying neoplasia. 
Further work is needed to determine the frequency of occurrence 
of exuberant granulation tissue after ocular surgery in the horse, in 
comparison to neoplasia, but in my experience, the development of 
granulation is relatively uncommon and generally responds well to 
steroidal therapy. 

 Prevention of granulation tissue around the eye after surgery 
can usually be accomplished by complete closure of the conjunctiva 
during surgery. It is common to not close the conjunctiva at the har-
vest site during surgery when surgeons are trying to reduce over-
all anaesthesia time, but doing so will minimise the development of 
granulation tissue. Furthermore, minimising the use of topical irritat-
ing substances, such as 5% sodium chloride or topical lidocaine, or 
procedures, such as a sub- palpebral lavage catheter, may also reduce 
the development of conjunctival granulation tissue. Finally, the use 
of small- sized sutures will minimise knot size and reduce conjunctival 
irritation (and thus the frequency of developing granulation tissue), 
especially when using braided absorbable sutures. Further studies 
are needed to determine the causes and prevention of granulation 
tissue in the horses '  eyes. 

 This case report also demonstrates the need for careful and 
thorough communication with the horse owner prior to sur-
gery. Discussing the pros and cons of a salvage procedure such as 
Gunderson flaps are needed when managing chronic ocular dis-
eases in horses such as endothelial immune- mediated keratitis. 
The described goal of the Gunderson flap procedure in the horse 
of this case report was to improve corneal oedema and vision and 
to prevent the development of corneal ulceration. Excessive corneal 
oedema from lack of corneal endothelial cell function results in the 
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E VERY  DAY  COUNT S.
CONTINUED TREATMENT IS CRUCIAL TO 
MAINTAINING A HEALTHY HORSE AND 
CONTROLLING THE SIGNS OF PPID.

CONTROLLED SIGNS:
Clinical signs improved within 

3 months and continued 
through 6 months.1

PROVEN SUCCESS:
3 out of 4 horses evaluated 
were considered treatment 

successes.1

CLEAR IMPROVEMENT:
Hypertrichosis (delayed shedding)  
improved in 89% of treated horses 

within 6 months.1
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development of epithelial bullae. Fluid- filled bullae are easily rup-
tured by the horse leading to corneal ulceration, exposure of corneal 
nerve endings, and ocular discomfort. Although there was limited 
clinical description provided in the case report, no ocular discomfort 
was described in the horse (and pre- operative images were not pro-
vided). However, the horse required repeated procedures to man-
age the complications after surgery. The post- operative images (see 
figure 1a in the article) indicate a limited resolution to the corneal 
opacity but if the Gunderson flap helped prevent the development 
of corneal ulceration (which is not described for the 33 months after 
surgery), then this procedure likely prevented ocular discomfort de-
spite the need for repeated surgeries to manage the granulation tis-
sue that developed. Again, thorough client communication is needed 
prior to surgery to discuss these possible complications, such as the 
development of granulation tissue, and the possible need for further 
procedures if they develop. 

 This case report effectively describes an uncommon corneal 
surgical complication in horses, the development of exuberant gran-
ulation tissue, the histologic diagnosis, appropriate therapy and an 
interesting, if unconventional, method to manage a rare case of un-
responsive, recurrent granulation tissue of a pony ' s eye. This case 
report accentuates the need for histologic confirmation on masses 

removed from a horse ' s eye and the need for thorough communica-
tions with the owner prior to surgery to discuss the pros, cons and 
possible complications of ocular salvage procedures in the horse.  
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         INTRODUC TION 

 Endotracheal intubation in horses is a routine procedure to deliver 
inhalant anaesthetics and oxygen, maintain airway patency and to 
facilitate positive pressure ventilation. Inflation of the endotracheal 
tube (ETT) cuff provides a seal between the tube and the trachea, 
preventing leakage of gases and fluids. Underinflation of the cuff 
can result in pulmonary aspiration of orogastric contents, while 
leakage of anaesthetic gases can result in contamination of the 
room. On the other hand, overinflation of the ETT cuff in horses 
can lead to tracheal mucosal damage (Heath et al.,  1989 ; Holland 
et al.,  1986 ; Touzot- Jourde et al.,  2005 ), tracheal necrosis (Wylie 
et al.,  2015 ) and even tracheal perforation (Saulez et al.,  2009 ). 

Overinflation should therefore also be avoided. Despite the impor-
tance of avoiding under and overinflation, no best practice guide-
lines for ETT cuff inflation or recommended cuff pressure ranges 
for horses currently exist. 

 An underrecognised and rare complication of cuff overinflation 
is ETT obstruction due to the cuff itself. This may be either due 
to pressure- induced luminal collapse of ETTs, or due to herniation 
of the cuff, which then obstructs the ETT outflow including the 
Murphy eye. There are several case reports in human medicine de-
scribing ETT obstruction due to cuff overinflation (Davis et al.,  2011 ; 
Hofstetter et al.,  2010 ; Zenga et al.,  2018 ) and cuff herniation 
(Barker & Stotz,  2013 ; Bar- Lavie et al.,  1995 ; Kumar et al.,  2021 ), 
but only two reports of cuff herniation in veterinary medicine 
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      Summary 
 Adequate inflation of the endotracheal tube (ETT) cuff is important to avoid leakage of 
anaesthetic gases or aspiration of gastric contents and to allow positive pressure ven-
tilation. However, overinflation or herniation of the cuff can cause tracheal mucosal 
damage and in rare cases even obstruction of the ETT. ETT obstruction due to the cuff 
itself may be an underrecognised phenomenon in equine practice and we aim to create 
awareness with this retrospective case series ( n  = 3). Cases identified between 2014 
and 2021 with (partial) ETT obstruction due to cuff overinflation or cuff herniation at 
the Utrecht University Equine Clinic were selected. Anaesthesia records were examined 
and presented. Two cases occurred in foals and one in a pony. In each case, high airway 
pressure was encountered and no or minimal thoracic excursions were visible. In all three 
cases, cuff deflation led to immediate normalisation of ventilation parameters. When pre-
sented with an intubated patient that is difficult to ventilate and high airway pressures 
exist, ETT cuff overinflation or herniation should be considered as a possible cause; rapid 
cuff deflation should be included in algorithms for management of ventilation failure due 
to suspected airway obstruction.  
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(Bergadano et al.,  2004 ; Richardson & McMillan,  2017 ). The possi-
bility of ETT obstruction secondary to cuff overinflation may be an 
underrecognised phenomenon in equine practice, but it can be life- 
threatening if not identified and resolved timely. Therefore, we aim 
to create awareness of this potential problem with this retrospective 
case series.  

    C A SE 1 

 A 4- year- old Shetland pony mare weighing 142 kg was presented 
for experimental bilateral stifle surgery (DEC 2014.III.11.098). The 
pony was premedicated with detomidine (Domosedan, 9 μg/kg 
bwt, Orion Pharma) and butorphanol (Dolorex, 18 μg/kg bwt, MSD 
Animal Health) and then induced with midazolam (Midazolam, 
0.1 mg/kg bwt, Actavis) and ketamine (Narketan, 2.1 mg/kg 
bwt, Vetoquinol) intravenously (IV) via a 14- gauge catheter (Mila 
International). Supplemental oxygen was provided intranasally 
(5 L/min; FiO 2  ~ 0.25) and the pony was hoisted on a surgical table 
in dorsal recumbency. Seven minutes from the start of induction, 
the pony was intubated without difficulty with a pretested 14 mm 
internal diameter silicone ETT tube (Kruuse). The low- volume- 
high- pressure (LVHP) cuff was inflated as deemed adequate to the 
anaesthetist by assessing syringe back- pressure; cuff pressure was 
not measured or recorded. Spontaneous respiration was initially 
observed by thoracic movements. Five minutes later, head- and- 
neck movements were observed by the anaesthetist in training and 
three consecutive top- ups of midazolam and ketamine were given 
IV (0.01 mg/kg bwt midazolam and 0.46 mg/kg bwt ketamine each). 
The anaesthetist did not note an obstructive breathing pattern, but 
a supervisor was called to assist. When the supervisor arrived 1 min 
later, movement was judged as ‘tracheal tugging’ (agonal gasping), 
oral mucous membranes were pale and cyanotic, ictus cordis (api-
cal impulse rate) was 130 beats/min, and eyelid and corneal reflexes 
were absent. The pony was rushed into theatre and connected to 
a small animal circle system; flow rate and time controlled inter-
mittent positive pressure ventilation (IPPV) (Mallard Large Animal 
Ventilation System Model 2800- P, Mallard Medical) was immedi-
ately started with 18 breaths/min and gas flow of 100% oxygen. 
Pulse oximetry and ECG monitoring were started using a multipa-
rameter monitor (Datex Ohmeda S/5, GE Healthcare). Heart rate 
was 121 beats/min, peripheral oxygen saturation (SpO 2 ) was 56% 
and end- tidal carbon dioxide partial pressure (EtCO 2 ) was 5.4 kPa 
(40.5 mmHg). It was immediately noticed that the anaesthetic ma-
chine did not deliver an adequate tidal volume (only 300 ml, meas-
ured by movement of the bellow) and that the inspiratory pressure 
was very high (maximum pressure of 80 cm H 2 O). The capnogram 
showed only a minimal triangular trace. The ETT cuff was rapidly de-
flated and immediately the anaesthetic machine could deliver an ad-
equate tidal volume (1.2– 1.5 L) with an inspiratory pressure of 24 cm 
H 2 O. SpO 2  increased to 84 and 98% in the next few minutes and 
in this time frame, heart rate decreased to 60 beats/min. The cuff 
was reinflated to minimal occlusive volume by listening at the mouth 

during a positive pressure breath and by observation of a normal 
capnogram waveform. IPPV was continued with a tidal volume of 
8– 10 ml/kg and 18 breaths/min. Isoflurane (IsoFlo, Zoetis) in 100% 
oxygen was started at return of slow palpebral reflex and nystag-
mus. The physiological status of the pony was at this point deemed 
sufficient in regard to the inclusion criteria of the experiment and 
the pony was prepared for surgery. Crystalloid infusion was initiated 
at approximately 6 ml/kg/h IV (Ringer Fresenius, Fresenius Kabi). 
Thirty minutes after induction, placement of an invasive arterial line 
for blood gas analysis and blood pressure measurement was unsuc-
cessful. Heart rate was 58 beats/min, SpO 2  99% and variable pulse 
wave amplitude was visible on the plethysmogram. A fluid bolus of 
10 ml/kg (Fresenius Kabi) was administered IV and a continuous 
rate infusion (CRI) of dobutamine (Dobutamine, 0.25 μg/kg/min, 
Hameln Pharma) was started. Heart rate decreased to 44 beats/
min and an arterial line was successfully placed in the right facial 
artery. Mean arterial pressure (MAP) was 79 mmHg; the results of 
arterial blood gas analysis are presented in Table  1  (further arterial 
blood gas analysis results were in line with the last arterial blood gas 
results). For the remainder of anaesthesia, the fraction of inspired 
oxygen was decreased to 0.65– 0.77 as dictated by the experimental 
study protocol (Calero Rodriguez et al.,  2021 ) and SpO 2  remained 
99%– 100%. Total anaesthesia time was 187 min. Recovery was pro-
longed, and the pony was hypothermic, but stood well after 30 min. 
Buprenorphine (Buprecare, 6 μg/kg bwt, AST Farma) and meloxicam 
(Metacam, 0.6 mg/kg bwt, Boehringer Ingelheim) were adminis-
tered IV for post- operative analgesia. Inspection of the ETT after 
extubation did not reveal any obvious abnormalities with overinfla-
tion. Fifteen hours after anaesthetic induction, clinical examination 

   TA B L E   1          Arterial and venous blood gas results of Case 1. 

  

 41 min after 
induction 
arterial 

 89 min after 
induction 
arterial 

 Reference 
(arterial) 

 pH  7.341  7.346  7.35– 7.45 

 PaCO 2   45.6  49.8  35– 45 mmHg 

 PaO 2   415.1  419.5  >90 mmHg 

 HCO3 −   24.1  26.6  20– 28 mmol/L 

 BE  −1.9  0.2  −3 to +3 mmol/L 

 SBC  22.9  26.6  20– 28 mmol/L 

 Sat  99.8  99.8  >95% 

 Ht  0.3  0.28  0.3– 0.43 L/L 

 Na +   136.5  134.9  135– 150 mmol/L 

 K +   3.0  3.27  3.0– 5.9 mmol/L 

 Ca ++   1.24  1.29  1.4– 1.7 mmol/L 

 Cl −   101  98  96– 107 mmol/L 

 Glucose  7.1  7.0  3.9– 5.6 mmol/L 

 Lactate  4.08  4.04  0.7– 1.2 mmol/L 

 FiO 2   0.93  0.94   

    Abbreviations: BE, base excess; Ht, haematocrit; PaCO 2 , partial 
pressure of arterial carbon dioxide; PaO 2 , partial pressure of arterial 
oxygen pressure; Sat, saturation; SBC, standard bicarbonate.   

EVE_July 23_Text_Print.pdf   41 24/06/23   8:34 AM



360  |    VEEN AND  DE  GRAUW

revealed paroxysmal tachyarrhythmia (50– 70 beats/min); an ECG 
was recorded and showed sinus arrhythmia with ST elevation. The 
tachyarrhythmia and ST elevation resolved in the next 24 h. The 
pony made a full recovery, and a subsequent anaesthesia 4 months 
later was uneventful.   

    C A SE 2 

 A 10- day- old 78 kg Dutch Royal Warmblood colt was presented for 
resection of infected umbilical remnants. The foal was premedi-
cated with detomidine (Domosedan, 13 μg/kg bwt, Orion Pharma) 
and morphine (Morfine HCL, 0.13 mg/kg bwt, Centrafarm) and then 
induced with diazepam (Diazepam, 0.06 mg/kg bwt, Centrafarm) 
and ketamine (Narketan, 2.8 mg/kg bwt, Vetoquinol) IV via a 14G 
catheter (Mila International). Oxygen was provided via nasal line 
(5 L/min; FiO 2  ~ 0.25) and the patient was placed on a surgical table 
in dorsal recumbency. The patient was intubated without apparent 
difficulty with a pretested 14 mm internal diameter silicone ETT tube 
(Kruuse) and the LVHP cuff was inflated to a pressure of 140 mmHg 
at unknown volume using a manometer (DS54 DuraShock Hand 
Aneroid, Welch Allyn). In theatre, the foal was connected to a small 
animal circle system and flow rate and time controlled IPPV (Mallard 
Medical) was started at 18 breaths/min. A maximum tidal volume of 
550 ml was obtained at an inspiratory peak pressure of 27 cm H 2 O. 
A pulse oximeter and ECG were attached (Datex Ohmeda S/5, GE 
Healthcare). No abnormal capnogram waveform was noted with an 
EtCO 2  of 5.8 kPa (43.5 mmHg), but only minimal thoracic excursions 
were visible. The cuff was deflated and reinflated until audible air 
leakage just disappeared. Hereafter, the tidal volume immediately 
increased to 1200 ml at the same inspiratory peak pressure of 27 cm 
H 2 O (ventilator flow rate was unchanged). Arterial saturation (SaO 2 ) 
increased from 96.7% to 99.7% (the corresponding increase in arte-
rial partial pressure of oxygen was not recorded; Table  2 ). Isoflurane 
(Isoflo, Zoetis) in 100% oxygen was started and the foal was pre-
pared for surgery. Hypotension (MAP 47 mmHg) was treated with 
dobutamine (Dobutamine, 0.25 μg/kg/min, Hameln Pharma) IV to 
maintain MAP >60 mmHg. Total anaesthesia time was 169 min. 
After extubation, the ETT cuff appeared normal, yet haemorrhagic 
fluid was visible in the ETT lumen and the foal developed a mild stri-
dor, which did not improve after placement of a nasal tube. Oxygen 
flow at 10 L/min was administered via a nasal line. Recovery was 
calm and the stridor did not worsen, nor was laboured breathing 
observed. The day after surgery the stridor had disappeared, and 
thoracic auscultation did not reveal respiratory abnormalities.   

    C A SE 3 

 A 1- month- old male Dutch Royal Warmblood foal weighing 85 kg 
was presented for umbilical resection due to omphalophlebitis. 
The foal was premedicated with detomidine (Domosedan, 18 μg/kg 
bwt, Orion Pharma) and morphine (Morfine HCL, 0.12 mg/kg bwt, 

Centrafarm) and induced with diazepam (Diazepam, 0.06 mg/kg bwt, 
Centrafarm) and ketamine (Narketan, 2.4 mg/kg bwt, Vetoquinol) IV 
via a 14G catheter (Mila International). The foal was lifted onto the 
surgical table and placed in dorsal recumbency with nasal oxygen 
supplementation (5 L/min; FiO 2  ~ 0.25). Endotracheal intubation with 
a pretested 14 mm internal diameter silicone ETT tube (Kruuse) was 
attempted but was unsuccessful. Placement of a pretested 12 mm 
internal diameter silicone ETT tube (Kruuse) was successful and the 
LVHP cuff was pressurised to 200 mmHg at unknown volume using a 
manometer (DS54 DuraShock Hand Aneroid, Welch Allyn). The foal 
was moved to the theatre and connected to a small animal circle 
system. Volume controlled IPPV (Sfinx, Veterinary Technics) was 
started with isoflurane (Isoflo, Zoetis) in 100% oxygen. Continuous 
pulse oximetry and ECG monitoring was initiated (Datex Ohmeda 
S/5, GE Healthcare). Anaesthetic gas leakage was detected, and cuff 
pressure was noted to have dropped well below 200 mmHg; the cuff 
was reinflated to 220 mmHg at this time. Hereafter, minimal thoracic 
excursions were seen despite high airway pressures (maximum pres-
sure of 80 cm H 2 O), and it was impossible for the anaesthetic ma-
chine to deliver more than 250– 300 ml tidal volume. Heart rate was 
92 beats/min, SpO 2  was 97%, EtCO 2  was 5.0 kPa; no obvious abnor-
malities in the capnogram waveform were noted. The ETT cuff was 
deflated, and normal thoracic excursions were immediately visible. 
The cuff was reinflated to minimal occlusive volume as judged by 
capnogram waveform, audible gas leakage and absence of detect-
able isoflurane smell. EtCO 2  was now 9 kPa and IPPV was started 
again with a tidal volume of 1.3 L at a rate of 24 breaths/min. EtCO 2  
decreased within a few minutes and the respiratory rate was de-
creased to 11 breaths/min. The results of arterial blood gas analysis 
are presented in Table  3  (further arterial blood gas analysis results 
were in line with the last arterial blood gas results). The remainder of 

   TA B L E   2          Arterial blood gas results of Case 2. 

  
 38 min after 
induction 

 72 min after 
induction 

 Reference 
(arterial) 

 pH  7.340  7.354  7.35– 7.45 

 PaCO 2   42.4  47.7  35– 45 mmHg 

 PaO 2   93.1    >90 mmHg 

 HCO3 −   21.7  24.4  20– 28 mmol/L 

 BE  −3.3  −0.1  −3 to +3 mmol/L 

 Sat  96.7  99.7  >95% 

 Ht    0.27  0.3– 0.43 L/L 

 Na +   139.1  136.9  135– 150 mmol/L 

 K +   3.16  3.03  3.0– 5.9 mmol/L 

 Ca ++   1.27  1.27  1.4– 1.7 mmol/L 

 Cl −   116  106  96– 107 mmol/L 

 Glucose  8.3  6.7  3.9– 5.6 mmol/L 

 Lactate  3.89  3.16  0.7– 1.2 mmol/L 

 FiO 2   0.6  0.93   

    Abbreviations: BE, base excess; Ht, haematocrit; PaCO 2 , partial 
pressure of arterial carbon dioxide; PaO 2 , partial pressure of arterial 
oxygen pressure; Sat, saturation; SBC, standard bicarbonate.   
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anaesthesia was uneventful. Total anaesthesia time was 105 min and 
recovery was smooth. Visual inspection of the ETT after extubation 
did not reveal any obvious abnormalities.   

    DISCUSSION 

 In the equine scientific literature, reports of cuff- related ETT 
obstruction are rare. Endotracheal tube obstruction due to the ETT 
cuff can be caused by either cuff overinflation, resulting in exces-
sive pressure effectively obliterating the lumen of the ETT, or cuff 
herniation, where the cuff extends beyond the opening of the 
ETT, obstructing gas flow. The two case reports available in vet-
erinary medicine (equine and canine) both describe ETT obstruc-
tion due to cuff herniation (Bergadano et al.,  2004 ; Richardson & 
McMillan,  2017 ). In the human medical literature, in addition to case 
reports on ETT obstruction due to cuff herniation, several authors 
also reported ETT obstruction due to collapse of the ETT lumen 
secondary to excessive external pressure exerted by an overin-
flated ETT cuff (Davis et al.,  2011 ; Hofstetter et al.,  2010 ; Zenga 
et al.,  2018 ). Our case series highlights several clinically relevant 
aspects of cuff- related ETT obstruction in ponies and foals. 

 First, it appears that size and ETT material properties matter 
(Briganti et al.,  2012 ; Davis et al.,  2011 ; Dobrin & Canfield,  1977 ). In 
the three cases presented here, cuff overinflation may either have 
caused inward collapse of the ETT lumen or may have contributed 
to cuff herniation. Cuff overinflation causing the inner lumen of the 
ETT to collapse was shown to occur in some brands of polyvinyl 
chloride (PVC) ETTs used for small animal anaesthesia but not in 
other brands, and this difference was suggested to be due to PVC 

quality and therefore compliance of the ETT wall (Davis et al.,  2011 ). 
Silicone ETTs, such as are commonly used in equine anaesthesia, are 
even more compliant than PVC ETTs (Briganti et al.,  2012 ; Dobrin & 
Canfield,  1977 ). This is particularly true in tubes with a smaller inner 
diameter, and this affects both the wall strength and the elastic prop-
erties of the ETT cuff (Briganti et al.,  2012 ; Dobrin & Canfield,  1977 ). 
While cuff herniation in PVC ETTs does not occur even at high 
intracuff pressures (Hofstetter et al.,  2010 ), no comparable study 
has been done for silicone ETT cuffs. In the veterinary case reports 
where cuff herniation occurred (Bergadano et al.,  2004 ; Richardson 
& McMillan,  2017 ), ETT cuff pressure was not measured, and it is 
therefore impossible to determine if cuff overinflation contributed 
to herniation in those cases as well. Alternatively, cuff herniation 
can also occur at normal cuff pressures due to manufacturing issues 
(Barker & Stotz,  2013 ; Bergadano et al.,  2004 ; Kao et al.,  2005 ). All 
three cases of ETT obstruction due to cuff overinflation in the cur-
rent case series involved small size animals (one Shetland pony and 
two Warmblood foals). It would appear that a small internal diameter 
silicone ETT (<16 mm) is a possible risk factor for ETT obstruction 
secondary to cuff overinflation. 

 Secondly, in all cases, the cuff problem manifested as difficult 
ventilation, characterised by reduced gas flow and increased respi-
ratory effort, or low delivered tidal volume despite high peak inspira-
tory pressures during IPPV. This agrees with previous observations 
reported in human (Barker & Stotz,  2013 ; Bar- Lavie et al.,  1995 ; Davis 
et al.,  2011 ; Hofstetter et al.,  2010 ; Justiz & Mayhew,  2007 ; Kumar 
et al.,  2021 ) and veterinary (Bergadano et al.,  2004 ; Richardson & 
McMillan,  2017 ) literature on ETT obstruction. The sequelae can be 
severe, as severe hypercapnia and hypoxaemia can develop in min-
utes if critical hypoventilation is not promptly recognised and the 
problem resolved. Prompt diagnosis is likely hindered by the fact 
that shortly after intubation and having verified air flow prior to cuff-
ing, the anaesthetist is unlikely to consider the possibility of luminal 
obstruction of the ETT thereafter. Also, while kinking or accumula-
tion of secretions may be more common causes of ETT obstruction 
(Divatia & Bhowmick,  2005 ), ETT obstruction due to cuff overinfla-
tion or herniation is a less likely scenario, making it harder for the an-
aesthetist to quickly identify and correct the problem. Furthermore, 
cuff position and shape are dynamic and influenced by, among other 
things, changes in head- and- neck position (Brimacombe et al.,  1999 ) 
and ETT displacement. Case 1 illustrates how failure to identify an 
obstructive breathing pattern can lead to an erroneous assumption 
of insufficient depth of anaesthesia, with critical time wasted on 
correcting this presumed problem. Importantly, when induction and 
intubation are performed outside the operating room under clinical 
observation only, the lack of monitoring and connection to an anaes-
thetic machine immediately after intubation may contribute to delay 
in identifying partial or complete airway obstruction. Continuous 
patient monitoring like pulse oximetry, capnography, spirometry, 
changes in peak inspiratory pressure and ECG could help alert the 
anaesthetist to the issue but is usually only initiated in the operat-
ing theatre. In Case 1, critical hypoventilation during the interven-
ing period caused severe tachycardia, tachyarrhythmia and critical 

   TA B L E   3          Arterial blood gas analysis results of Case 3. 

  
 15 min after 
induction 

 32 min after 
induction 

 Reference 
(arterial) 

 pH  7.301  7.350  7.35– 7.45 

 PaCO 2   56.4  49.5  35– 45 mmHg 

 PaO 2   394.5  421.2  >90 mmHg 

 HCO3 −   27.2  26.9  20– 28 mmol/L 

 BE  −0.4  0.6  −3 to +3 mmol/L 

 SBC  24.2  25.1  20– 28 mmol/L 

 Sat  99.8  99.8  >95% 

 Na +   138.7  138  135– 150 mmol/L 

 K +   3.17  2.95  3.0– 5.9 mmol/L 

 Ca ++   1.47  1.45  1.4– 1.7 mmol/L 

 Cl −   103  107  96– 107 mmol/L 

 Glucose  11.3  10.1  3.9– 5.6 mmol/L 

 Lactate  2.54  2.27  0.7– 1.2 mmol/L 

 FiO 2   0.85  0.95   

    Abbreviations: BE, base excess; PaCO 2 , partial pressure of arterial 
carbon dioxide; PaO 2 , partial pressure of arterial oxygen pressure; Sat, 
saturation; SBC, standard bicarbonate.   
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desaturation that could have ended with hypoxic organ damage and 
death; the near- total airway obstruction could also have resulted in 
negative pressure pulmonary oedema. Difficult ventilation was like-
wise not identified in the second case until the foal was connected 
to the anaesthetic machine, IPPV was started, and a low tidal volume 
was observed despite high peak airway pressures. When the cuff 
was identified as the cause of ETT obstruction and difficult venti-
lation, rapid cuff deflation led to immediate return of normal venti-
lation parameters. In none of the cases post obstruction pulmonary 
oedema was noticed, which may be due to the short duration of the 
insult, although in Cases 2 and 3, this may also have been due to a 
lack of specific post anaesthetic monitoring instituted. The manage-
ment of difficult ventilation due to ETT obstruction is an emergency 
situation where early diagnosis and intervention is vital; therefore, 
rapid cuff deflation should be included in the anaesthetist ' s algo-
rithm for management of inspiratory dyspnoea in horses (Figure  1 ).  

 Thirdly, no recommended cuff pressure range is known for 
different diameter equine silicone ETTs, meaning achievement of 
adequate ETT inflation and cuff seal remains a balancing act, and 
more art than science. While underinflation may lead to leakage 
and potential aspiration, excessive pressure exerted on the tra-
cheal mucosa as a result of cuff overinflation can lead to mucosal 
ischaemia and tracheal wall damage. Tracheal capillary perfusion 
pressure decreases when ETT cuff pressures over 30 cm H 2 O were 

used in rabbits (Nordin et al.,  1977 ) and humans (Seegobin & van 
Hasselt,  1984 ), but this was in PVC ETTs fitted with high- volume 
low- pressure cuffs. In horses, silicone tubes with LVHP cuffs 
are more commonly used. In these, intracuff pressure does not 
accurately reflect tracheal wall pressure. In these tubes, intracuff 
pressure is affected by the cuff ' s elastic properties and geometry 
(Dobrin & Canfield,  1977 ; McGinnis et al.,  1971 ; Sultan et al.,  2011 ). 
The foal in Case 2 developed a stridor after extubation, which may 
have been caused by transient laryngeal hemiplegia or tracheal wall 
damage due to temporarily excessive transmural pressure; however, 
it is also possible that haemorrhage was secondary to tissue damage 
incurred during traumatic intubation with a relatively large size ETT. 
In the foals of Cases 2 and 3, a cuff pressure of 140 to 200 mmHg 
(190– 270 cm H 2 O) was used to seal the trachea. In adult horses, an 
ETT cuff pressure of more than 80 cm H 2 O provided a seal sufficient 
to prevent liquid leakage around the LVHP cuff of a 30 mm internal 
diameter silicone ETT size (Touzot- Jourde et al.,  2005 ). The 30 mm 
ETT has a thicker wall and larger diameter, meaning the cuff needs 
less inflation and deformation to actuate a seal than a 26 mm ETT. 
In our hospital, we routinely inflate the cuff on a size 26 ETT for 
adult horses to 200 mmHg (270 cm H 2 O) to prevent gas leakage, 
without apparent difficulties in ventilation. However, in these foals, 
like in the pony of case one, cuff deflation immediately resulted 
in restoration of normal ventilation parameters, and there was no 

  F I G U R E   1                    Algorithm for management of inspiratory dyspnoea. 

Inspiratory Dyspnoea

Disconnect patient from 
ventilator

Oxygenate patient with 
100% oxygen

Disconnect Oxygen Tube Horse

“DOTH”mnemonic

Inspiratory dyspnoea
resolved?

Yes No

Problem is located within 
the anaesthetic machine

Did the ETT* migrate?

No

Can the ETT* be kinked?

No

Can there be an ETT*
obstruction?

Yes

Deflate cuff and re-intubate 
if necessary

Persistence of inspiratory 
dyspnoea?

Check placement and 
reposition or re-intubate if 

necessary

Change head and neck 
position

Disclaimer: This flowchart is made to
aid in decision making with difficult

ventilation but  may not be complete
or accurate in every individual patient

* ETT = endotracheal tube
Secretions in ETT*? Cuff overinflation or cuff 

herniation?

Suction ETT*

Yes

Exchange anaesthetic machine 
or solve problem and/or 

(temporary) TIVA

Yes

Consider potential 
obstruction trachea distal 

to the ETT*

Yes

No
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recurrence of difficult ventilation after reinflating the same ETT cuff 
to minimal occlusive volume. We currently lack scientific data for 
recommended intracuff pressure ranges for different size silicone 
tubes. Since overinflation is more common than underinflation with 
most of the routinely used cuff inflation techniques other than pilot 
balloon palpation (Briganti et al.,  2012 ; Khan et al.,  2016 ; Sathish 
Kumar & Young,  2002 ; White et al.,  2020 ), and tracheal mucosal wall 
damage is also pressure dependent (Touzot- Jourde et al.,  2005 ), ETT 
cuff pressure measurement is recommended to avoid post- operative 
complications (Briganti et al.,  2012 ; Hockey et al.,  2016 ; Khan 
et al.,  2016 ; Sengupta et al.,  2004 ; Sultan et al.,  2011 ; Touzot- Jourde 
et al.,  2005 ). 

 In conclusion, ETT obstruction is a potentially life- threatening 
condition that requires prompt recognition and removal of the un-
derlying cause to prevent morbidity and mortality. When presented 
with an intubated pony or foal that is difficult to ventilate and high 
airway pressures are observed, compression of the ETT lumen due 
to cuff overinflation or obstruction of gas flow due to cuff herni-
ation should be considered as possible causes. Rapid cuff defla-
tion should be included in algorithms for management of difficult 
ventilation. While cuff pressure measurement may reduce the risk 
of overinflation and associated tracheal mucosal injury, it may not 
protect against cuff herniation, and close observation of respiratory 
pattern and/or airway pressures (if IPPV is supplied) is imperative 
following ETT cuff inflation. More research is necessary to provide 
an evidence- based recommendation on a safe range of ETT cuff 
pressure for different size silicone ETTs used in horses.  
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      SUMMARY 

 A 4- year- old gelding was referred to the clinic with a history 
of haematuria and stranguria after exercise. Transrectal ex-
amination and endoscopy of the urinary bladder revealed the 
presence of a cystolith. Surgery under general anaesthesia 
was scheduled for the removal of the bladder stone. A 12- cm 
laparotomy incision through the caudal ventral midline was 
performed to localise the bladder. The right part of the blad-
der wall was severely thickened and the right lateral ligament 
of the bladder appeared tensed and fibrotic, which made the 
mobilisation of the bladder extremely difficult. A second 6-  
to 7- cm incision was made just cranial to the right external 
inguinal ring and allowed the exteriorisation of the apex of 
the bladder. At removal, the stone appeared to be a foreign 

body (a 4 × 3 cm piece of red plastic with two attached rub-
ber bands), which was covered with a calcium carbonate layer 
(Figure 1). A control endoscopy was performed under seda-
tion 3 days after surgery and showed mild inflammation and 
good healing of the cystotomy. The horse was discharged 
from the hospital. Two years later, the owner reported no 
recurrence of the clinical signs and explained that the horse 
was born in a breeding stable where he did not show compli-
cations after birth such as patent urachus or other umbilical 
abnormalities. The horse spent his youth at a second centre 
where he was castrated by a veterinarian who stated to have 
never used anything other than sutures while castrating. The 
authors hypothesised that the route of entry of the foreign 
body found in the bladder was migration either from the um-
bilicus or the spermatic cord. The exact origin of the foreign 
body remains unknown, as there are no elements in the his-
tory of the horse that leads to a logical explanation.  

   K E Y W O R D S 
horse ,    cystolithiasis ,    foreign body ,    intravesical , 
   urolithiasis                          

       

  Key points 

      •     Endoscopy of the urinary bladder is key in order to evalu-
ate the amount, nature and size of the cystoliths. 

   •     The modified parainguinal approach provides the ideal 
parainguinal laparotomy incision location, which can be 
useful in cases where the mobilisation of the bladder is 
limited. 

   •     Migration of a foreign body into the urinary bladder 
of a gelding, although very uncommon, should not be 
neglected.     F I G U R E   1                    Foreign body covered with a layer of calcium 

carbonate found in the urinary bladder of the gelding 
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      SUMMARY 

 An 8- year- old Friesian gelding was presented with severe bi-
lateral hindlimb ataxia and paresis of 2 weeks duration. Only 
lordosis was noted during static clinical examination, and dur-
ing movement, only the pelvic limbs were abnormal with severe 
ataxia (grade III/IV) and hypermetria. Transcranial magnetic 
stimulation (TMS) was performed as an ancillary test to con-
firm spinal cord involvement, and the latency times of the pelvic 
limbs were severely elongated (>60s). The latency times of the 
thoracic limbs were within normal limits. The clinical neurologi-
cal examination and the TMS findings suggested a spinal cord le-
sion between T2 and the lumbar region with involvement of the 
sensory (ataxia) and motor (paresis) pathways. Radiographic ex-
amination confirmed the neurolocalisation and revealed a large 
osteolytic lesion at the T10– T11 intervertebral disc space. Due 
to the severe ataxic condition of the horse and the extent of the 

radiographic abnormalities, a poor prognosis was given. In agree-
ment with the owners, the horse was euthanised. Post- mortem 
examination revealed a discospondylitis with abscess formation 
and histological presence of pyogranulomatous inflammation 
with coccoform bacteria rimmed by Splendore- Hoeppli mate-
rial.  Staphylococcus aureus  was identified by bacteriological ex-
amination. This case report describes the clinical presentation, 
imaging features and post- mortem findings with a Friesian geld-
ing presenting with severe bilateral hindlimb ataxia and paresis 
caused by compression and degeneration of the spinal cord due 
to a botryomycosis- like thoracic discospondylitis.  

   K E Y W O R D S 
horse, botryomycosis ,    spinal ataxia ,    Splendore- Hoeppli               

                    
 

  Key points 

      •     Botryomycosis is an uncommon chronic bacterial pyo-
granulomatous infection of cutaneous and, rarely of vis-
ceral origin, that can rarely invade the osseous tissues. 

   •     The clinical neurological examination and the ancillary tran-
scranial magnetic stimulation (TMS) test indicated ataxia 
and paresis respectively; they were complementary, indi-
cated spinal cord involvement and resulted in correct neu-
rolocalisation between T2 and the lumbar region. 

   •     Botryomycosis- like infection should be considered in the 
differential diagnosis of focal expansile bone lesions dem-
onstrating diffuse osteolysis, sclerosis and interrupted 
bone margins.   

  F I G U R E  1                    Left- to- right lateral projection of the thoracic vertebrae. 
The intervertebral disc space between T10 and T11 is no longer 
identifiable (black asterisk), with a large region of osteolysis (white 
asterisk), bordered by bridging new bone formation (white arrowheads) 
and loss of delineation of the dorsal cortices of the vertebral bodies 
(black star), compared with the ones of T12 and T13 (black arrowheads). 
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      SUMMARY 

 An 18- year- old Thoroughbred gelding was presented follow-
ing evisceration of the jejunum. A topical caustic chemother-
apy agent (AW5- LUDES cream) had been applied to several 
suspected sarcoids, including one on the ventral abdomen 
with the most recent application 6 weeks previously. The 
gelding was bright and alert on arrival with normal clinical 
parameters and had an abdominal bandage in place. 

 Following induction of general anaesthesia, the bandage 
was removed to reveal a 15 cm diameter necrotic full- thickness 
segment of the body wall including a necrotic sarcoid on the 
ventral caudal midline abdomen (Figure 1). Direct communica-
tion with the peritoneal cavity was present on the left side of 
the lesion from which approximately 1m of jejunum had evis-
cerated. The exposed jejunum was moderately contaminated, 
and there was serosal inflammation and haemorrhage within 
the mesentery. The body wall adjacent to the defect was devi-
talised with a 10cm diameter segment of compromised tissues, 

contaminated with maggots. Due to the degree of contamina-
tion, and necrosis of the skin and muscular tissue, treatment 
by debridement and closure using a mesh device was recom-
mended, and the owner was advised of a guarded prognosis 
owing to potential risks of peritonitis, infection of the im-
plant and wound dehiscence. Due to limited finances and the 
guarded prognosis, the owner elected to euthanise the horse. 

 There is limited published information about the outcomes 
and complications of treatment of skin tumours such as sarcoids 
with caustic chemotherapy agents. This case report describes a 
serious complication following treatment with one such caustic 
chemotherapy cream (AW5- LUDES) and highlights one of the 
risks associated with using such agents on the ventral midline. 
Unfortunately, the poor prognosis associated with the exten-
sive necrosis of the body wall, despite the rapid application of 
first aid and referral, led to the owners’ decision to euthanise 
the horse rather than attempt treatment.                                       

  Key points 

      •     Evisceration is a previously unreported complication of 
AW5- LUDES application to the ventral abdomen. 

   •     Caustic chemotherapy agents should be used with ex-
treme caution in regions where uncontrolled tissue ne-
crosis could have catastrophic results. 

   •     The full effects of tissue necrosis may not be evident 
until 6 weeks after the application of the caustic chemo-
therapy agent.     F I G U R E   1                    Approximately 1m of jejunum eviscerated through 

the abdominal defect. 
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      SUMMARY 

 Prostaglandin F 2α  (PGF 2α ) is one of the most frequently used 
drugs in mares for pharmacologic manipulation of the oestrous 
cycle. PGF 2α  induces luteolysis, leading to early oestrus re-
turn, and reduced dioestrus phase and interovulatory intervals. 
Interestingly, mares are more sensitive to PGF 2α  than other do-
mestic species. Even with lower doses, there are adverse and 
inconvenient side effects for animals and breeders. Recently, 
acupuncture has been an alternative to decrease the PGF 2α  dose 
for mares. Applying lower doses of PGF 2α  at specific acupoints 
is as efficient as the regular dose. The aim this study was to ana-
lyse the reproductive performance and oestrous characteristics 
in embryo recipient and donor mares using different doses at the 
Bai Hui— an acupoint located on the dorsal midline, whose region 
of effect encompasses many nerve trunks, nerve endings and 
vascular networks. For this study, 76 Quarter Horse mares had 
daily rectal palpation and transrectal ultrasonography to check 
oestrus start, and during oestrus follicle growth was monitored 
for ovulation detection. Six days after ovulation (D0), the mares 
were examined for the presence of a corpus luteum (CL), and ran-
domly assigned to 3 experimental groups: Control (CTR;  n  = 20) 
with 5 mg PGF 2α  IM administration (Dinoprost Trometamina, 
Lutalyse®, 1 ml, Zoetis); Bai Hui 5 mg PGF 2α  (BH5;  n  = 24) with 
5 mg (1 ml) at the Bai Hui acupoint; and Bai Hui 2.5 mg PGF 2α  

(BH2.5;  n  = 32) with 2.5 mg (0.5 ml) at the Bai Hui acupoint. For 
the application the needle (21 gauge, 0.8 × 30 mm) was inserted 
vertically into the lumbosacral joint. Results showed no differ-
ences in uterine oedema, pregnancy rate or body condition score 
among the groups. However, oestrous expression was lower 
( p  < 0.001) in both BH groups. The application and ovulation was 
shorter in BH5 compared with CTR ( p  = 0.042). Results indicated 
BH5 and BH2.5 as viable alternatives to the IM administration.  

   K E Y W O R D S 
horse ,    corpus luteum ,    luteolysis ,    ovulation , 
   reproduction ,    acupuncture    

                         

  Key points 

      •     The affinity of PGF 2α  for CL in horses is roughly 10 times 
greater, with a clearance rate and a dose five times lower 
than that required to induce luteolysis effectively. 

   •     The side effects observed after the application of PGF 2α  
in mares are inconvenient for both animals and owners. 

   •     The use of acupuncture, a traditional Chinese medicine 
technique, has been identified as an interesting alterna-
tive in the veterinary field, including equine medicine.   
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      SUMMARY 

 An 11- year- old multiparous Thoroughbred mare was presented 
with a history of acute colic. On presentation, a transient im-
provement in abdominal pain had been seen following admin-
istration of flunixin meglumine, but the mare was profoundly 
depressed. The horse had hypothermia (36.8°C) and increasing 
tachypnoea (60 breaths/min) and tachycardia (100 beats/min). 
Conjunctival and oral mucous membranes appeared pale. 
Cardiac auscultation revealed an arrhythmia with variable in-
tensity, but no heart murmurs. An increased packed cell volume 
(57%) and leucocytosis (15,400/μl) were identified on haemato-
logical evaluation. Nasogastric intubation yielded no reflux, and 
transcutaneous abdominal ultrasonography did not reveal any 
abnormal findings that contribute to abdominal pain. On initial 
examination, transthoracic echocardiography revealed no ab-
normalities. Electrocardiography revealed monomorphic ven-
tricular tachycardia (VT) at a rate of 211 beats/min with R- on- T 
phenomenon occasionally and made a presumptive diagnosis 

of idiopathic VT. Therefore, the mare was treated with lido-
caine. VT was temporally converted to normal sinus rhythm 
and heart rate decreased to 70 beats/min with intermittent 
premature ventricular depolarisations after starting therapy. 
Echocardiography performed 2 days later revealed a hypoechoic 
spherical area within the muscular part of the intraventricular 
septum. It appeared to protrude into the left ventricular cav-
ity on left parasternal long axis 2- chamber view. Unfortunately, 
the mare died suddenly as the result of ventricular fibrillation. 
Post- mortem examination confirmed the presence of an encap-
sulated abscess in the intraventricular septum.  Staphylococcus 
aureus  and  Staphylococcus chromogenes  were isolated from the 
lesion. This was thought to be responsible for the arrhythmia 
seen in this case. This is the first case of a septal myocardial ab-
scess in a horse and demonstrates that it should be considered 
as a cause of ventricular tachycardia.  

   K E Y W O R D S 
horse ,    arrythmia ,    echocardiography , 
   electrocardiography ,    septal myocardial abscess               

  Key points 

      •     Septal myocardial abscess is rare in horses and can cause 
ventricular tachycardia. 

   •     For the diagnosis of the interventricular septum abscess, 
repeat transthoracic echocardiography is useful. 

   •     Empirical antimicrobial therapy should be considered in 
cases of idiopathic ventricular arrhythmia where there 
is evidence of a septic process and myocardial infection 
cannot be ruled out.   

  

 Received:   3 March 2022    |    Accepted:   19 December 2022   

 DOI: 10.1111/eve.13771_1   

 F I G U R E  1   Post- mortem appearance of a cross- section through 
the ventricles. The abscess (yellow arrows) was located in the 
ventricular septum.           
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      SUMMARY 

 A 16- year- old, 143 kg Shetland stallion was presented to 
the Equine Theriogenology Service at the University of 
Illinois Veterinary Teaching Hospital for a semen evaluation 
and cooling test. The stallion produced foals by live cover-
ing mares during the previous breeding seasons but never 
had semen collected before the presentation. Upon arrival, 
a complete physical examination revealed all parameters to 
be within normal limits, and both testes had normal consist-
ency and were present in the scrotum. Semen collection was 
performed with a Missouri artificial vagina while the stallion 
mounted a Shetland oestrus mare. The first semen collec-
tion yielded an ejaculate containing 73 billion total sperm, 
and necrozoospermia, with 67% sperm having detached 
heads. These results warranted nine serial additional semen 
collections. There was no evidence of ampullary plugs in the 
semen filter throughout the collections. The expected daily 
sperm output (DSO) and actual DSO were determined to es-
timate spermatogenic efficiency. Gel- free semen volume was 
stabilised after the first collection. A gradual increase in sperm 
motility after the third semen collection was noted. The per-
centage of morphologically normal sperm gradually increased 
after collection 1 and remained greater than 60% starting 
from the collection 3. Sperm concentration decreased after 
collection 5 and stabilised between collections 8 and 10. In 
addition to sperm concentration stabilising, the percentage of 
detached heads declined remarkably. The spermatogenic ef-
ficiency range was from 182% to 240%, which is consistent 

with the clinical diagnosis of spermiostasis. A semen cooling 
test determined that a sodium caseinate cholesterol- loaded 
cyclodextrin extender was the most suitable semen extender. 
The stallion returned for a semen freezing test 2 months 
after the initial presentation. Total and progressive motilities 
were 73% and 67%, respectively, the morphology evaluation 
revealed 90% of morphologically normal sperm and 5% of 
sperm with detached heads. Satisfactory post- thaw semen 
motility and thermal longevity were measured. Total and pro-
gressive motility remained above 30% after 120 min. This ar-
ticle describes a clinical case of spermiostasis in a Shetland 
stallion successfully resolved by repeated semen collections.  

   K E Y W O R D S 
horse ,    asthenozoospermia ,    ejaculatory 
dysfunction ,    necrozoospermia ,    sperm accumulator , 
   teratozoospermia    
                       

  Key points 

      •     This case describes the first reported case of spermiosta-
sis in a pony breed. 

   •     High- spermatogenic efficiency was consistent with 
spermiostasis, which was successfully resolved by serial 
semen collections. 

   •     Normospermia was obtained 60 days post- initial presen-
tation while the stallion was regularly pasture breeding 
mares.   
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      Summary 
   Background :    Several studies have shown dental disease to have a high prevalence and 
severity in donkeys. Limited studies have assessed the possible relationships between 
poor dental health and the management and health care of donkeys.  
   Objective :    The aim of this study was to identify relationships between dental health and 
current management of donkeys in the UK and to provide recommendations to improve 
practices to help donkey welfare.  
   Study design :    Observational cross- sectional survey.  
   Methods :    A total of 596 donkeys surrendered to The Donkey Sanctuary (TDS) over a 
period of 30 months were included. Analysis was performed on three categories of infor-
mation: entrance information submitted by previous owners and welfare professionals, 
pre- admission clinical examination records and arrival medical examination data.  
   Results :    No statistically significant differences were identified between dental health 
and provision of bedding, or diet types. Agreement between external professionals 
and experienced TDS staff was weak in reference to recognition of dental pathology, 
age and body condition score (BCS). Over 25% of donkeys with severe dental pathol-
ogy also had poor BCS (1– 1.5). The majority of donkeys had no indication of previous 
dental examination.  
   Main limitations :    Entrance information was not gathered and recorded in a structured 
manner.  
   Conclusions :    Regular prophylactic dental care seems to have poor uptake amongst the 
owners of the study population, but this is perhaps, in part, aligned to the nature of the 
sanctuary. Owners are yet to take dental health into consideration when allocating a diet 
or bedding types to their donkeys, presenting a risk of colic/choke in those fed long fibres 
with an inability to process them adequately. The Donkey Sanctuary should continue to 
offer accessible means of education to reach both professionals and owners alike, and 
this may be well served by the implementation of the new, online, Donkey Academy.   

   K E Y W O R D S 
horse, dental ,    dentistry ,    donkey ,    welfare    

aaep.org/wiley-redirect 

EVE_July 23_Text_Print.pdf   57 24/06/23   8:34 AM



372  |    FERNÁNDEZ ET AL.

         INTRODUC TION 

 The latest data observe an increase in global donkey numbers 
over the last 20 years, to more than 50 million (Norris et al.,  2021 ). 
According to the Central Equine Database in 2019, there are 27,592 
donkeys in the UK. However, these figures relate to donkeys reg-
istered with valid passports. Approximately one third of intakes to 
The Donkey Sanctuary (TDS) did not have a valid passport in a re-
cent study (Barrio Fernandez et al.,  2020 ) and hence would not be 
registered with the Central Equine Database. The current number of 
donkeys at TDS is 6233, with 4089 on farms and 2144 in monitored 
guardian homes, leaving just over 21,000 donkeys in private homes. 

 The prevalence of dental disease in donkeys has been found to 
be in the region of 73– 93% and is identified as the second most com-
mon clinical condition after diseases of the hoof (Cox et al.,  2010 ; du 
Toit et al.,  2008 ,  2009a ; Rodrigues, Araújo, et al.,  2013 ; Rodrigues, 
Dixon, et al.,  2013 ). Indeed, Rodrigues, Dixon, et al. ( 2013 ) noted 
a disease prevalence of 83% in the cheek teeth of donkeys of all 
ages with an absence of previous dental treatment, and du Toit 
et al. ( 2009a ) noted a figure of 73% in living donkeys, rising to 93% 
at  post- mortem . The literature seems to suggest that intervention 
makes a positive difference in disease prevalence, but donkeys are 
still suffering high levels of oro- dental disease towards the end of 
their lives. 

 Cox et al. ( 2010 ) suggest that 86% of TDS guardian homes 
provided their donkeys with at least annual dental examinations. 
Moreover, 45% of the same donkey owners surveyed, indicated 
knowledge that their donkeys had some degree of dental disease, 
yet internal audit data suggest that the prevalence of dental disease 
in donkeys returning from guardianship to be in the region of 77% 
(Cox et al.,  2010 ; Lilly,  2013 ). 

 Routine prophylactic dental assessment has long been promoted 
specifically in donkeys by TDS and is driven by the experiences of 
the clinical team and in field research. Yet, key studies emphasise 
a high prevalence of disease, despite claims of regular intervention 
(Cox et al.,  2010 ; du Toit et al.,  2009a ; Grint et al.,  2015 ; Lilly,  2013 ; 
Rodrigues & Lilly,  2019 ). The literature indicates that the recogni-
tion of dental pathologies is poor and that regular intraoral assess-
ment and prophylactic treatment should be provided for all equids 
(Cox et al.,  2010 ; du Toit et al.,  2009a ,  2009 b; Grint et al.,  2015 ; 
Lilly,  2013 ; Rodrigues & Lilly,  2019 ). 

 Dental disease shares relationships with other systemic condi-
tions, and indeed in donkeys, it is a recognised risk factor for impac-
tion colic, the prevalence of which is about 17% (~10% in horses), 
with a mortality risk found to be higher than in other equids at 51% 
(Cox et al.,  2007 ,  2009 ; du Toit et al.,  2009b ; Hillyer et al.,  2001 ; 
Mellor et al.,  2001 ; Tinker et al.,  1997 ). 

 This relatively high incidence and mortality rate may indicate un-
suitable feeding practices and a failure to recognise colic in donkeys 
in the early stages. Additionally, dental disease has been shown to 
influence body condition score (BCS), which in turn has been shown 
to affect morbidity and mortality (Cox et al.,  2007 ,  2009 ; du Toit 
et al.,  2008 ). 

 Dental disease in donkeys presents a major welfare concern, and 
consideration for feeding practices in conjunction with regular intra-
oral examination is indicated by these observations. 

 From the literature reviewed, it is apparent that there may be 
conflicting evidence between best practice messaging and the real-
ity of management practices for donkeys in the UK.  

    MATERIAL S AND METHODS 

 This cross- sectional study focuses on data yielded from three main 
areas:

       1  .   Entrance information from surrendered equids processed 
through the New Arrivals Unit of TDS, Sidmouth (UK) for a 
period of 30 months. 

     2  .   Pre- admission medical (PAM) data for the above donkeys. The 
PAM is conducted by external veterinary surgeons on equids des-
tined to travel to TDS and consists of a full clinical and intraoral 
examination, and the date of the last dental examination. 

     3  .   Admission medical (AM) data for the above donkeys. The AM is 
performed upon arrival at TDS and includes a full clinical exami-
nation performed by a veterinary nurse, with a more thorough 
examination by a vet if there were medical concerns. Intraoral ex-
amination was performed within the next 2– 4 weeks of arrival by 
BEVA/BVDA qualified Equine Dental Technicians.   

 The New Arrivals Unit provides the necessary initial care for 
equids upon arrival and sees intakes spend about 6 weeks isolated 
from the main herd to undergo the AM and further health screening 
such as dental examination, faecal samples, weight checks, full hae-
matology and biochemistry screening, and other testing if required. 

    Entrance information 

 The main author assessed the arrival records for donkeys entering 
the New Arrivals Unit at TDS during the study period. The informa-
tion recorded included age (as per passport, or according to the own-
ers where no date of birth was available), reason for relinquishment, 
post- code, duration of ownership, vaccination status, presence of 
microchip, deworming history, diet and management (including bed-
ding, routine and number of friends/companions), BCS using the 
standard TDS 1– 5 scale (Evans & Crane,  2018 ), with the modifica-
tion of using half points, previous medical history and last recorded 
dental examination (including dental charts and or clinical notes).  

    Pre- admission examination 

 It is TDS policy that every donkey over 20 years of age should re-
ceive a full PAM examination prior to departure from their location. 
Donkey Welfare Advisors provide specific photographs of all equids 
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prior to relinquishment. The New Arrivals Unit vet evaluates the 
photographs, and in conjunction with the medical history, a decision 
is reached regarding the need for a PAM examination for donkeys 
under the age of 20 years. 

 The pre- admission intraoral examination was detailed on the 
PAM examination form, with the allocation of a dental health grade 
applied retrospectively by the main author, based on a grading sys-
tem developed by TDS (Lilly,  2015 ). 

 Dental health was subsequently catalogued by the New Arrivals 
Unit vet as acceptable (grades 1– 2) or pathological (3– 5). Grades 1– 2 
include equids with good, normal, age- related dental health and those 
with very minor pathology (deemed easily correctable with no impact 
on pain or function), whereas grades 3– 5 include multiple, moderate, 
severe and very severe pathology, respectively, with grades 4 and 5 
often presenting wider impacts on function, pain and systemic disease. 

 The purpose of the grading system was not to be prescriptive 
with indicators, but to give a general guide to the potential types 
and severities of intraoral findings in each grade. Not all conditions 
at noted grades may be observed, and professionals are encouraged 
to grade the overall general health of the mouth, considering all ob-
servations, on a scale of 1– 5.  

    Admission medical details 

 It is TDS policy that each equid undergoes an AM examination. 
Examination was undertaken by a Registered Veterinary Nurse or 
a vet within 24 h of arrival and completed using an admissions form. 

 Accurate age information is important to enable planning for the 
post- New Arrivals Unit relocation of the equid to a suitable location for 
their likely needs. It may also preclude equids from consideration for the 
guardian scheme (temporary or permanent relocation of the equid to an 
individual home assessed as suitable by TDS). Age estimation using the 
incisor teeth was performed at arrival. Post- admission intraoral exam-
ination included the designation of a live dental health grade and was 
either performed within the first 2– 4 weeks or upon arrival if concerns 
were raised (either via PAM, AM or by New Arrivals Unit staff). 

 General management (bedding and diet) within New Arrivals 
Unit remained identical or like that used in the previous home for at 
least the first night unless it presented a detrimental risk to health.  

    Statistical analysis 

 Data were collected in a Microsoft Access 2016 database; then, they 
were further exported for statistical analysis with IBM SPSS 19.0 
for Windows®. Categorical variables (as BCS, dental grades, type 
of diet, type of bedding, type of origin and time since last dental 
visit) were described using absolute ( n ) and relative frequencies (%). 
Continuous variables were described using mean, median, standard 
deviation, quartiles and ranges depending on normality of distribu-
tion. The associations between dental grades with another categori-
cal variable were assessed using Pearson ' s Chi- square test (χ 

2 ) if less 
than 20% of expected frequencies were lower than 5; in other cases, 
we used Fisher ' s s exact test ( F ) for 2 × 2 contingency tables and 
Likelihood Ratio test (LR) for rest of the cases. These tests assessed 
if there were statistically significant differences between the ex-
pected frequencies and the observed frequencies (McHugh,  2013 ). 
Additionally, dependence between categories of analysed variables 
was confirmed by calculating the adjusted standardised residuals 
(ASR); under the null hypothesis that the two categorical variables 
are independent and assuming a confidence level of 0.95, an ASR 
of more than 1.96 indicated that the number of cases in that cell 
was significantly greater than would be expected if the null hypoth-
esis were true. An ASR that was <1.96 indicated that the number of 
cases in that cell was significantly fewer than would be expected if 
the null hypothesis were true, and in consequence, the category was 
underrepresented (Agresti,  2002 ). The alpha error was set at 0.05. 

 Some animal data were missing from the information database; 
therefore, the initial n number does not match for all the studied 
variables.   

    RESULTS 

 During the study period, 596 donkeys from all over the UK were sur-
rendered to TDS, from those the majority admitted were geldings 
(53.0%), followed by mares (31.5%) and stallions (15.4%). 

 Of the 596 donkeys, 48.7% ( n  = 290) had a PAM examination 
performed by an external veterinary practice, 46.0% ( n  = 274) did 
not receive a PAM examination, and just 5.4% ( n  = 32) received a 
partial PAM. Dental examination with an equine dental speculum 

   TA B L E   1          Estimated age of donkeys (years) at admission medical (AM) stratified by AM dental grade 

 Dental grade   n   Mean  SD  Q1  Median  Q3  Min  Max 

 None  13  13.92 bc   9.58  6.0  10.0  21.5  5  36 

 1  274  7.34 a   5.31  4.0  6.0  10.0  0  28 

 2  83  11.16 b   6.63  6.0  10.0  15.0  3  30 

 3  69  12.77 b   7.53  7.0  10.0  16.5  2  35 

 4  22  16.82 c   7.04  11.0  17.5  23.0  6  27 

 5  20  21.2 d   6.88  20.0  21.5  25.0  2  30 

 Total  481  9.96  7.14  5.0  8.0  14.0  0  36 

     Note : Significance of Kruskal– Wallis test, p < 0.001.  
   Different superindexes in the same column indicate significant differences taking into account the paired Mann– Whitney test ( p  < 0.050).   
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was requested in all of the 290 PAM; however, in 54.8% ( n  = 159) of 
those, the attending veterinary practice did not provide a dental ex-
amination report or dental chart. On partial PAM examination, only 
1 of 32 cases received a dental examination. Therefore, out of the 
596 donkeys, PAM dental reports were available for 132 animals. 

 Despite the median age (Table  1 ) of the population being reason-
ably young, nearly half were deemed to require a PAM examination 
prior to transportation.  

    Dental health and age 

 There was a positive association between age and the severity of 
dental disease, and dental grade increasing with age ( p  < 0.001). 
Donkeys with a dental grade of 1 had a mean age of 7.34 years and 
were significantly younger than those with grades 2– 5. Donkeys 
with dental grades of 2 and 3 were similar ages (mean 11.16 and 
12.77, respectively). Donkeys with a dental grade of 4 were signifi-
cantly older than those with grades of 1– 3. Donkeys with a dental 
grade of 5 had a mean age of 21.2 years and were significantly older 
than those with a dental grade of 1– 4 (Table  1 ).  

    Dental grade and  BCS  

 Statistically significant differences were noted between admission 
dental grade and admission BCS (Table  2 ,  p  = 0.007). It was observed 
that 25.8% of donkeys with severe dental pathologies (grade 5) were 
in poor condition. However, it was also identified that 15.9% of don-
keys with a pathological dental grade (grade 3) were classified as 
obese. Moreover, donkeys with moderate- to- severe dental disease 
(grades 4 and 5) have reduced probability of having an adequate BCS 
(2.5– 3.5; 32.3% and 29.0%).   

    Dental health and diet 

 Statistically significant differences were found between pre- 
admission diet and dental grade of donkeys at admission with 

regard to donkeys having access to grass ( p  = 0.045) and the use 
of chopped forage feed ( p  = 0.018) (Table  3 ). A significant number 
of donkeys were identified with pathological dental grades that had 
access to restricted grazing (17.7%) compared with those without 
dental disease. There were also significant numbers of donkeys with 
no significant dental disorders that were on chopped feed (34.0%). 
Interestingly, 17.9% of nongeriatric donkeys (those under 20 years of 
age) were found to receive cereal grain compound feed, reducing to 
8% in geriatric donkeys.   

    Dental health and bedding 

 No statistically significant differences were found between the type 
of pre- admission bedding and dental grade at admission ( p  = 0.291) 
(Table  4 ).   

    Dental health and origin 

 There were significant differences found between AM dental grade 
and type of origin (Table  5 ;  p  = 0.001); donkeys with better dental 
health came from Donkey Sanctuary holding bases, with 76% allo-
cated a dental grade of 1, and only 1% with severe dental disease 
(grade 5). However, the poorest dental health scores corresponded 
to New Arrival donkeys and Returning guardian donkeys, with 11.1% 
of New Arrivals and 17.2% of Returning guardian allocated grades 
4 and 5.   

    Dental health and  PAM / AM  

 More than half of the donkeys (55.7%) had an admission dental grade 
of 1, compared with 66.7% at PAM. 25.1% of donkeys arrived with 
pathological dental grades (3– 5; Table  6 ).  

 Statistically significant differences were found between dental 
grades at PAM and AM (Table  7 ,  p  < 0.001). A total of 101 donkeys 
were considered to have an acceptable dental grade at PAM; from 
those, there were a total of 38 donkeys that showed pathological 

   TA B L E   2          Admission body condition score (BCS) stratified by admission dental grades 

 Dental grades   n  

 BCS 

 None  ≤1.5  (1.5, 2.5)  (2.5, 3.5)  (3.5, 4.5)  >4.5 

 1  320  1.6%  1.3%  9.7%  53.8%  27.2%  6.6% 

 2  110  1.8%  1.8%  3.6%  a    58.2%  28.2%  6.4% 

 3  82  1.2%  1.2%  4.9%  54.9%  22.0%  15.9%  b   

 4  31  6.5%  b    6.5%  12.9%  32.3%  a    25.8%  16.1% 

 5  31  0.0%  6.5%  25.8%  b    29.0%  a    29.0%  9.7% 

 Total  574  1.7%  1.9%  8.9%  52.3%  26.7%  8.5% 

     Note : Significance of likelihood ratio test,  p  = 0.007.  
    a   Observed proportion significantly lower than expected ( p  < 0.050).    
    b   Observed proportion significantly higher than expected ( p  < 0.050).     
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dental grades when examined at AM (Table  7 ). Finally, the agree-
ment between PAM dental grades and admission dental grades was 
found to be weak (k = 0.270).   

    Dental health and dental history 

 There was considerable variability in the scheduling of dental exami-
nation for the 29% ( n  = 187) of donkeys who had received previous 
assessment (Table  8 ). There was no significant correlation between 
dental grade and date of previous examination. Timing of the last 
dental examination varied from just over 1 week up to 15 years, with 
an average of 1.3 years.    

    DISCUSSION 

    Dental grade and age 

 The data support the widely accepted principle that equid dental 
disease increases in prevalence and severity with advancing age. A 
particularly interesting observation is the range of ages found not 
only in the acceptable dental health grade scores (dental grade 1) 
but also those at the opposite end of the scale, with dental health 
scores of 4 and 5. The age range for grade 1 at AM is 0.1– 28 years 
of age, whilst the range for grades 4 and 5 was 2– 33 years of age, 
meaning that it is possible for geriatric donkeys to reach old age with 
comfortable and disease- free, functional dentition. Conversely, it is 
interesting that there are instances of juvenile donkeys with severe 
and very severe dental disease, highlighting a need for regular ex-
amination from a young age. 

 The results agree with those of du Toit et al. ( 2009a ) and 
Rodrigues, Dixon, et al. ( 2013 ), whereby a significant deterioration 
in dental health seems to first occur around the ages of 10– 15 years 
old. The results support the need for regular intraoral examina-
tion by a suitably trained professional, and that thorough intraoral 
examination should be undertaken for PAM. Additionally, if equid 
dentistry is considered prophylactic, intraoral examinations need to 
commence from an earlier age.  

    Dental grade and  BCS  

 The results show that both BCS and dental health grade are often 
underestimated by external partners. Consequently, donkeys with 
more severe grades of dental health (4 or 5) were typically found to 

   TA B L E   3          Type of diet and admission dental grades (categorised) 

 Diet   n  

 Dental grades categories 

  p   Acceptable (1– 2) (n = 347) 
 Pathological (3– 5) 
(n = 124) 

 Grass  374  80.4%  76.6%  0.045  a   

 Restricted grazing  57  10.1%  b    17.7%  c   

 Hay  356  73.5%  81.5%  0.076  a   

 Straw  206  42.1%  48.4%  0.224  a   

 Haylage  41  9.8%  5.6%  0.159  a   

 Chopped forage feed  146  34.0%  c    22.6%  b    0.018  a   

 Fibre compound feed  129  29.1%  22.6%  0.162  a   

 Cereal grain compound feed  82  18.4%  14.5%  0.322  a   

 Supplement balancer  20  4.9%  2.4%  0.240  a   

     a   Significance of Pearson ' s Chi- squared test.    
    b   Observed proportion significantly lower than expected ( p  > 0.050).    
    c   Observed proportion significantly higher than expected ( p  < 0.050).     

   TA B L E   4          Types of bedding stratified by dental grade 
(categorised) 

 Bedding 

 Dental grade categories 

 Acceptable (1– 2) 
( n  = 341) 

 Pathological 
(3– 5) ( n  = 115) 

 Straw  58.7%  56.5% 

 Shavings  15.5%  20.9% 

 No bedding  7.9%  11.3% 

 Other  8.8%  7.0% 

 Rubber matting  5.9%  4.3% 

 Dust- extracted wood fibre  1.5%  0.0% 

 Rubber matting + Straw  1.2%  0.0% 

 Rubber matting + Shavings  0.3%  0.0% 

 Straw + Shavings  0.3%  0.0% 

     Note : Significance of likelihood ratio test,  p  = 0.291.   
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have a poorer BCS at admission. Interestingly, dental disease was 
also correlated to donkeys identified as overweight, which may al-
lude to inappropriate feeding practices. Additionally, dental disease 
often goes undiagnosed until the latter stages, and therefore don-
keys presenting with excess body condition, especially coupled with 
a lack of oro- dental signs, risk following suit. 

 Dental grades appear to progressively worsen as they move 
away from optimal BCS. It would, therefore, be reasonable to as-
sume that donkeys with a low BCS may have dental disease that 
negatively affects the ability to masticate the available diet, con-
sequently causing a reduction in BCS, or a failure to maintain, or 
increase bodyweight (du Toit et al.,  2009b ). A more challenging 
finding to explain is that donkeys with high BCS also seem predis-
posed to moderate- to- severe levels of dental disease. Whilst it is 
likely that this is related to the diet provided, the data yielded from 
dietary assessment suggest that fewer geriatric donkeys, donkeys 
with pathological dental grades and/or those that are overweight, 
receive higher incidences of energy- dense feeds. In fact, the only 
difference in dietary provision indicates that more overweight don-
keys and more donkeys with pathological dental grades are pro-
vided with restricted grazing, leaving the authors to assume that 
the volume of the remaining dietary feedstuffs is likely to be high, 
although this was unrecorded. If grass restriction comes from re-
duced time spent grazing, then perhaps these donkeys still managed 

to consume a high volume of grass, as indicated by Wood ( 2010 ) and 
Burden and Bell ( 2019 ). 

 Body condition score in donkeys with acceptable dental health 
scores generally tended to be greater than 2.5, but less than 4.5. 
Interestingly, these donkeys had the highest prevalence of short- 
chopped fibre, fibre compound feed and cereals, which may explain 
the increased BCS (Smith & Burden,  2013 ). 

 Donkeys with high BCS are not being managed effectively for 
weight loss irrespective of dental health. These results suggest 
that it is possible for donkeys with poor dental health to obtain a 
calorie intake in excess of their calorie expenditure, and therefore, 
higher BCS should not be an indicator of acceptable dental health. 
Thorough intraoral examinations should therefore be performed in 
all donkeys regardless of BCS (Barrio Fernandez et al.,  2020 ; Smith 
& Burden,  2013 ).  

    Diet 

 Donkeys have evolved to browse and graze highly fibrous plants of 
poor nutritional quality (Pearson et al.,  2001 ). Diets should therefore 
be fibre- based, and feedstuffs high in starches and sugars should be 
strictly avoided (Burden et al.,  2013 ). 

 A diet based on fibrous forages with controlled access to grass 
(especially in places such as the UK where grass is abundant) is re-
portedly sufficient for most donkeys (Burden,  2012 ). 

 One of the challenges with donkeys living in the UK is to ensure 
that they are receiving enough bulk to satisfy their appetite, whilst 
not oversupplying energy, which will lead to considerable weight 
gain (Burden et al.,  2013 ). Our results suggest that weight gain may 
be irrespective of dental health. 

 Statistically significant differences were found between origin 
region and straw diet. It was observed that many donkeys from 
the West Midlands had straw as part of their diet (67.3%), whilst 
there were fewer from Scotland (19.0%), Northern Ireland (0.0%) 

   TA B L E   5          Distribution of admission dental grade of donkeys by type of origin 

 Type of origin   n  

 Admission dental grade 

 1  2  3  4  5 

 New arrival  394  52.3%  a    21.3%  15.2%  4.8%  6.3% 

 DS HB (NA)  96  76.0%  b    9.4%  a    8.3%  5.2%  1.0%  a   

 Return guardian  58  46.6%  20.7%  15.5%  8.6%  8.6% 

 DS HB (RG)  11  27.3%  18.2%  36.4%  b    18.2%  0.0% 

 From DAT  15  73.3%  20.0%  6.7%  0.0%  0.0% 

 Total  574  55.7%  19.2%  14.3%  5.4%  5.4% 

     Note : Significance of likelihood ratio test,  p  = 0.001.  
   DS HB (NA), Donkey Sanctuary holding base (New arrival); DS HB (RG), Donkey.  
   Sanctuary holding base (Return Guardian); DAT, Donkey Assisted Therapy centre.  
    a   Observed proportion significantly lower than expected ( p  < 0.050).    
    b   Observed proportion significantly higher than expected ( p  < 0.050).     

   TA B L E   6          Dental grades at pre- admission medical (PAM) and 
admission medical (AM) 

 Dental grade 
 Pre- admission 
( n  = 132) 

 Admission 
( n  = 574) 

 1  66.7%  55.7% 

 2  12.1%  19.2% 

 3  14.4%  14.3% 

 4  4.5%  5.4% 

 5  2.3%  5.4% 
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and the North- West (25.5%) with a straw component. This is an 
interesting finding, as straw should be always given as part of a don-
key ' s healthy diet, unless there are concerns with regard to dental 
disease (Burden,  2012 ; Burden et al.,  2013 ; Burden & Bell,  2019 ). 
Additionally, the aforementioned regions offering less dietary 
straw offered straw bedding in an average of 50% of cases. This 
may suggest that supplies of straw are available, but perhaps, there 
is a misconception regarding the feeding of such foodstuffs. Some 
donkeys were fed dietary fibre from more than one source, com-
monly both hay and straw. Hay may be considered comparatively 
more energy dense than straw, and although it appears to be more 
palatable than straw, it must be fed with caution where appropriate 
(Burden,  2012 ; Burden et al.,  2013 ; Burden & Bell,  2019 ; Smith & 
Burden,  2013 ). 

 Impaction colic in horses with dental disease is correlated with 
long fibre presence in the large colon, caused by compromised ability 
for adequate mastication (Brosnahan & Paradis,  2003 ). Consequently, 
faecal fibre length is also an indicator of oro- dental health, pain and 
masticative function, despite perhaps more commonly in cases with 
significant dental disease (Hummel et al.,  2008 ; Johnson et al.,  2017 ; 
Ralston et al.,  2001 ; Rodrigues, Ferreira, et al.,  2013 ). 

 Dental disease and feeding management have been implicated 
as risk factors for impaction colic, hyperlipaemia and gastric ulcer-
ation in donkeys (Burden et al.,  2008 ; Cox et al.,  2007 ,  2009 ; du 

Toit,  2008 ), as well as in other equids (Cohen et al.,  1999 ; Hillyer 
et al.,  2002 ; Hudson et al.,  2001 ; Tinker et al.,  1997 ; White,  1997 ). 

 Strategies to successfully manage donkeys with dental disease 
where dental function allows include reducing the fibre length of 
available feedstuffs (Burden,  2012 ; Burden & Bell,  2019 ; Thiemann 
& Sullivan,  2019 ). Although other authors do not recommend the 
use of short fibre (du Toit & Dixon,  2022 ), in our experience, the 
use of such products in cases with sufficient dental function has di-
rectly contributed to a reduction in colic, hyperlipaemia and gastric 
ulceration cases, in addition to optimising quality of life in our resi-
dent herds (Burden et al.,  2010 ; Burden,  2012 ; Burden & Bell,  2019 ; 
Thiemann & Sullivan,  2019 ). 

 Diet choice in the study group does not seem to be influenced 
by dental disease, and this finding would indicate that owners are 
not taking dental health into consideration when choosing a spe-
cific diet for their donkeys. This finding could also have an impact 
on donkey BCS, as diets with reduced fibre length in donkeys with 
good dentition can increase the risk of obesity, particularly if they 
include ingredients to increase palatability (Burden,  2012 ; Burden 
et al.,  2013 ; Burden & Bell,  2019 ). Furthermore, it may be consid-
ered a profound negative impact on welfare in donkeys with poor 
dental health who are allocated long fibre diets, which may lead to 
life- limiting colic episodes and or hyperlipaemia (Burden et al.,  2010 , 
 2013 ; Cox et al.,  2009 ; Thiemann & Sullivan,  2019 ).  

   TA B L E   7          Agreement of dental grades at pre- admission and admission 

 Admission dental 
grade 

 Pre- admission dental grade 

  None 
(n = 181)   1 ( n  = 86)  2 ( n  = 15)  3 ( n  = 19)  4 ( n  = 5)  5 ( n  = 3)  Total ( n  = 309) 

 1   65.2%   48.8%  a    6.7%  b    5.3%  b    0.0%  0.0%  52.4% 

 2   14.9%   18.6%  26.7%  5.3%  0.0%  0.0%  15.5% 

 3   10.5%   19.8%  33.3%  42.1%  a    0.0%  0.0%  15.9% 

 4   3.9%   7.0%  b    13.3%  26.3%  100.0%  a    0.0%  8.1% 

 5   5.5%   5.8%  b    20.0%  21.1%  0.0%  100.0%  a    8.1% 

     Note : Significance of likelihood ratio test,  p  < 0.001 (excluding animals without pre- admission medical [PAM] dental grade).  
   Cohen ' s Kappa coefficient = 0.270 ( p  < 0.001).  
    a   Observed proportion significantly higher than expected ( p  < 0.050).    
    b   Observed proportion significantly lower than expected ( p  < 0.050).     

   TA B L E   8          Time since last dental examination (days) stratified by AM dental grade 

 AM dental grade   n   Mean  SD  Q1  Median  Q3  Min  Max 

 None  7  326.9  668.0  71  83  120  13  1840 

 1  87  409.4  389.1  124  315  525  8  2006 

 2  41  492.3  439.4  140.5  337  734  15  1811 

 3  25  636.6  750.7  152.5  365  741.5  8  2785 

 4  12  732.7  1510.8  213.5  276.5  505.25  13  5497 

 5  15  481.7  542.9  127  272  746  73  2108 

 Total  187  481.41  605.35  126  303  592  8  5497 

     Note : Significance of Kruskal– Wallis test,  p  = 0.208.   
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    Bedding 

 Similar to diet, it seems that owners are not taking dental health into 
account when making their choices for the provision of bedding ma-
terials. Dried cereal plant stalks such as straw is essentially edible 
bedding. In the authors '  experiences, donkeys may not necessarily 
preferentially eat straw bedding in circumstances where other more 
palatable feedstuffs are available. However, donkeys have evolved 
to consume highly fibrous plants with reduced nutritional content, 
and so the drive to eat such bedding cannot be ignored. Additionally, 
whilst straw is an agricultural by- product of cereal production, in-
evitably a variable quantity of grain is typically present. The grain 
content encourages foraging and also the consumption of bedding 
material. 

 Consumption of straw bedding is not usually an issue in donkeys 
with acceptable dental health; in fact, feeding and bedding on straw 
are usually encouraged in healthy donkeys. The provision of straw 
bedding to donkeys with impaired dental function, however, may re-
sult in catastrophic systemic consequences such as impaction colic 
or hyperlipaemia (Burden et al.,  2010 ; Cox et al.,  2009 ).  

    Dental health and time since last dental 

 It is disappointing that 71% of donkeys had no indication of previ-
ous dental examination in their lifetime. The results show that there 
are no significant differences between the date of the previous den-
tal examination and the dental grade on admission, suggesting that 
owners may not understand their donkeys '  dental conditions, or the 
need for regular intervention. When we looked at origin and den-
tal grade, however, those donkeys coming from a holding base who 
had received recent and regular dental treatment from a qualified 
professional had better dental health scores and, in particular, had 
less incidences of pathological dental health. This combined data 
suggest the following considerations: firstly, perhaps there is an 
issue with the quality of the treatment provided. Other than being 
‘vet or EDT’, the specific service provider was not recorded, so it 
is unclear as to their training, qualifications and experience. There 
is also the possibility that donkeys requiring specialist interventions 
were not referred for such treatment, and hence improved dental 
health scores were not achieved. Furthermore, the date of previ-
ous dental examinations was provided by the owners; therefore, the 
reliability of the information may be uncertain. Additionally, equine 
dental specialists advocate for six to 12 monthly examinations and 
the study population had an overall average of 16 months (range of 
8 days to 15 years); the lack of regular intervention reduces the op-
portunity to slow down or prevent more severe dental disease (The 
Equine Dental Clinic,  2021 ). Indeed, in- house dental audits demon-
strated that it takes less than 5 years for donkeys with good dental 
health scores to drop into the pathological range (Lilly,  2013 ). And 
finally, it is difficult to reverse dental disease once it is established, 
and this is further confounded by inadequate treatment scheduling. 
Conversely, those donkeys with severe dental health conditions, 

such as multiple hypodontia and or senile excavation, are unlikely 
to improve dental health score even with regular and or specialist 
intervention. 

 Given the variability in scheduling, the authors conclude that 
owners do not consider the dental health status (of which they 
may not be aware), and or age of their donkeys, in the provision of 
regular dental examinations. It is common that clinical signs of den-
tal disease in donkeys are under- reported (du Toit & Dixon,  2011 ; 
Rodrigues & Lilly,  2019 ). 

 Donkeys are a prey species and accordingly display different 
behaviour to horses. Often described as stoic and less inclined to 
demonstrate clinical signs of many disorders, such predator avoid-
ance behaviour does not diminish the experiences of pain and suf-
fering (Evans & Crane,  2018 ). 

 Indeed, Van Dierendonck et al.,  2020  suggested that far more 
subtle signs of tightening of the eyelid(s) and nostril dilation are sen-
sitive weighting factors for positive identification of head- related 
(including oro- dental) pain under the EQUUS- DONKEY- FAP tool 
(Van Dierendonck et al. ( 2020 )). 

 The results suggest that typically older and geriatric donkeys 
should receive more frequent dental examinations owing to the 
greater prevalence of dental disease. Consequently, significant dif-
ferences should have been seen in time since last dental examination 
and age. This finding leads us to believe that geriatric companion 
donkeys may not be being presented for treatment regularly enough. 
Indeed, it was observed that geriatric donkeys had a higher mean of 
604.33 days since their last dental examination, versus 457.92 days 
since their last dental examination in younger donkeys. This is a very 
interesting finding and highlights the need for further awareness 
among owners, carers, UK veterinary practices and EDTs with re-
gard to donkey dentistry. 

 Equid dentistry is considered prophylactic, and so regular oppor-
tunity for high- quality examination is necessary (Rodrigues, Dixon, 
et al.,  2013 ; Rodrigues, Ferreira, et al.,  2013 ; Rodrigues & Lilly,  2019 ), 
and this needs to be actively received by owners and professionals alike. 
Regular high- quality intervention could reduce the number of donkeys 
suffering from undiagnosed, severe and preventable dental disease. 

 In the study by Grint et al. ( 2015 ), it seems that owners and vets 
associate signs of dysmastication as clear signalment of oro- dental 
pain, which TDS reports to correlate poorly with dental disease in 
donkeys (du Toit et al.,  2009a ; Evans & Lilly,  2020 ). The same study 
suggested that just 58% of donkey owners have been on a training 
course for ownership, and 97% read about care/ownership in books 
(Grint et al.,  2015 ). There is an opportunity, therefore, for identifi-
cation of resources that donkey owners engage with, with a view to 
collaborating on sound alternatives. 

 Severe dental disease can be very difficult to treat, and even ir-
reversible in the latter stages, reinforcing the importance of thor-
ough intraoral examination and prophylactic treatment. Whilst 
severe dental disease is difficult to treat, steps should be made to 
address pain, disease and function; equilibration, diastema treat-
ment, extractions and long- term pain relief are examples of good 
practice that would aid donkeys with marked dental disease. 
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 For cases where dental disease is severe, and welfare is af-
fected, the animal ' s quality of life must be evaluated, and eu-
thanasia may be considered. These animals should preferably be 
highlighted at the owner ' s property before movement. The need 
for treatment or euthanasia should be discussed prior to arrival at 
TDS to avoid prolonged suffering and to manage owner expecta-
tions. The Donkey Sanctuary should aim to further educate vets 
and deliver global welfare advice with regard to donkeys with se-
vere dental disease and concerns regarding their quality of life and 
welfare.  

    PAM versus AM grade 

 The agreement between PAM dental grades and admission dental 
grades was found to be weak (k = 0.270). This suggests dental 
disease is more likely to be underestimated, or not recognised 
at PAM. Whilst this is concerning, it would seem logical that this 
would be the case when the prevalence of dental disease in don-
keys is high. 

 These results further support the requirement for all donkeys, 
and especially those over the age of 20 years, to have regular den-
tal examination with a full mouth speculum, mirror and light source. 
Donkeys with dental disorders should be afforded more regular 
oral examinations than the timescales proposed for equids with 
what would be considered routine oro- dental health (Rodrigues & 
Lilly,  2019 ). Whilst the results indicate that professionals engaging in 
intraoral examinations require adequate training and proficiency for 
successful recognition of donkey dental health, it is also noted that 
under 30% of intakes had any kind of dental history. It is imperative, 
therefore, that owners and carers are educated in the need for pri-
mary healthcare management of their donkeys.   

    CONCLUSION 

 From the data collected, the authors have identified a variety of 
areas for improvement in terms of management systems for don-
keys with reference to dental health. The basic principles of nutri-
tion, bedding and the provision of dental care appear saturated with 
conflicting and misunderstood realities; not taking dental pain and 
function into account when providing feed or bedding, providing 
supplemental foods for donkeys with good BCS and dental health, 
and not providing regular and high- quality dental assessments for 
example. 

 Failing to take dental health into consideration when allocating 
diet or bedding types presents an unacceptable risk of colic/choke in 
donkeys fed long fibres with an inability to process them sufficiently. 
Conversely, it seems more common to offer supplemental feeds to 
donkeys with good dental health which may attribute to higher BCS 
scores. 

 The data show that recognition of oro- dental pathologies in don-
keys by owners and professionals is deficient. Accordingly, it may 

be presumed by the high prevalence of disease that the treatment 
of dental pathologies in donkeys is also lacking both in terms of fre-
quency of scheduling and quality. 

 It is clear that the issues surrounding donkey management, es-
pecially in terms of dental health, are multifactorial. Owners have an 
appetite for information, but without knowing the sources, it is pos-
sible that this fails to be evidence- based, and accordingly, owners 
continue to miscalculate the requirements of donkeys. 

 We cannot ignore the role that professionals play not only in the 
recognition and treatment of dental disease but also in communica-
tion of disorders, their wider impacts and the countermeasures that 
can be taken.  

    RECOMMENDATIONS 

 Grint et al. ( 2015 ) found that just over half of owners undertook ded-
icated training prior to acquiring donkeys, so it would be reasonable 
to offer high- quality, accessible and widely available programmes 
to owners using the most up- to- date and evidence- based materials. 
This will be well served by the online learning platform ‘The Donkey 
Academy’. 

 Most donkey owners used textbooks to understand the require-
ments of their equids. Accordingly, it would be justifiable to produce 
evidence- based texts of best practice which are in turn regularly re-
viewed and updated. 

 Courses and literature should support regular professional in-
terventions, from qualified and insured service providers. Those 
providing dental examination and treatment to donkeys need to be 
performing examinations earlier and more frequently throughout 
their life, and with greater proficiency. Donkeys with conditions out-
side of the remit and or skills of the professional should be referred 
on to those who are able to provide appropriate and relevant, hu-
mane care.  
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      SUMMARY 

   Background :    Back pain in horses, regardless of the under-
lying cause, is a common condition that can result in poor 
performance. The field veterinarian has limited noninvasive 
treatment options for reduction of back muscle soreness. 
This study was designed to evaluate effectiveness of a com-
mercially available herbal, nonheating liniment (Sore No More 
Performance Ultra, Arenus), in reducing pain and inflamma-
tion in horses with mild back pain.  
   Objectives :    Focus on a standardised area of the lumbar back 
region to evaluate effects of an herbal liniment over 44 days 
using pressure algometry to determine pain response and 
thermographic measurement of surface temperature to eval-
uate inflammation.  
   Study design :    A randomised complete block design was used. 
Eighteen mature stock horses were evaluated for back pain 
and randomly assigned to treatment group (herbal liniment 
or control solution).  
   Methods :    All horses maintained similar light work 5 days 
per week in a university equestrian programme for 44 days. 
Evaluation of the back was standardised by identifying the 
lumbar region, and pain and inflammation assessed weekly 
with force gauge pressure readings and thermal images.  
   Results :    All horses displayed a decrease in pain scores over 
the first 3 weeks of the study, but the control group saw a rise 
in pain scores at Day 23. Pain scores on the left side of the 
back were significantly lower in the liniment group than the 
control group at Day 30.  

   Main limitations :    Number of horses available for the study 
was limited. Daily exercise of the horses used represented 
typical use of mature lesson horses, however, was not stand-
ardised for the entirety of the 44- day trial.  
   Conclusions :    Standardised evaluation procedures using pres-
sure algometry and thermography found that Sore No More 
Performance Ultra herbal liniment had some effect on ther-
mography (inflammation) and pain response of the back, with 
improvements shown at 23– 30 days.   

   K E Y W O R D S 
horse ,    back pain ,    herbal liniment ,    pressure algometry , 
   thermography    

                

  Clinical relevance 

      •     A commercially available herbal liniment gel (Sore No 
More Performance Ultra, Arenus) was found to reduce 
back muscle inflammation (assessed by thermal pattern) 
and pain response (evaluated by pressure algometry) 
when applied daily to horses participating in a university 
riding programme. 

   •     Algometry and thermography were shown to be a reliable 
method of standardising evaluation of pain and inflamma-
tory responses, respectively, in horses with back pain. 

   •     Daily use of herbal liniments such as the one used in this 
study may provide a noninvasive treatment option for 
horses with back pain.   
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      SUMMARY 

   Background :    A common cause of lameness in horses is 
tenovaginitis of the digital flexor tendon sheath (DFTS). 
Ultrasound and contrast tenography have become frequently 
used diagnostic tools for abnormalities in the DFTS but are 
considered insufficiently accurate in describing specific 
lesions.  
   Objectives :    To determine sensitivity and specificity of computed 
tomographic tenography (CTT) and 3 Tesla magnetic resonance 
imaging (MRI) to detect artificial lesions within the DFTS.  
   Study design :    Blinded laboratory study.  
   Methods :    Using an arthroscopic hook knife, lesions (10– 
20 mm long, 3– 5 mm deep) ( n  = 52) were created tenoscopi-
cally in the superficial digital flexor tendon (SDFT), deep 
digital flexor tendon (DDFT), manica flexoria (MF) and proxi-
mal scutum in 19 distal limb specimens. MRI and CTT were 
performed and images reviewed. Sensitivity and specificity 
were calculated for each modality and compared.  
   Results :    Computed tomographic tenography and magnetic res-
onance imaging identification of SDFT and MF lesions showed 
similar sensitivity (75% vs. 85%, respectively;  p  = 1) and speci-
ficity for MF lesions (96% for both). SDFT lesions specificity 
was similar for CTT versus MRI (85% vs. 77%, respectively; 
 p  = 0.88). For DDFT lesions, MRI sensitivity (62%) was higher 
compared to CTT (38%), although not statistically significant 
( p  = 0.58). MRI specificity (92%) was lower than CTT (96%, 
 p  = 1). Lesions in the proximal scutum were more frequently 

identified by MRI compared to CTT (sensitivity: 93% vs. 57%, 
 p  = 0.17; specificity: 96% vs. 100%,  p  = 1).  
   Main limitations :    Artificial, small lesions were assessed. 
Incomplete arthroscopic portal seal resulted in pressure loss 
and contrast leakage.  
   Conclusions :    Sensitivity and specificity of both modalities are 
good to excellent for the diagnosis of most artificially created 
lesions. CTT performed similar to MRI in detecting SDFT and 
MF lesions. MRI showed higher sensitivity for the diagnosis 
of DDFT and proximal scutum lesions. The results indicate a 
future application of CTT for diagnosis of DFTS pathologies, 
whenever suspecting MF tears.   

   K E Y W O R D S 
horse ,    computed tomographic tenography ,    digital 
flexor tendon sheath ,    MRI                           

  Clinical relevance 

      •     Standing CT tenography performed similarly to high field MRI 
in detecting soft tissue lesions within the digital flexor tendon 
sheath, however, it negates the need for general anaesthesia. 

   •     Horses with suspected manica flexoria tears or longitu-
dinal SDFT tendon tears, where diagnosis using conven-
tional imaging is difficult, would be suitable candidates to 
undergo CT tenography in the diagnostic work- up. 

   •     Standing CT tenography will facilitate preoperative plan-
ning in cases where a manica flexoria resection is needed 
and may potentially decrease the need of tenovaginos-
copy as a purely diagnostic procedure.   
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        INTRODUC TION 

    Historical aspects of equine cheek teeth exodontia 
techniques and extraction complications 

 The type and prevalence of equine post- dental extraction prob-
lems are closely related to the dental extraction (exodontia) tech-
nique used as reviewed by Dixon et al. ( 2009 ), Earley et al. ( 2013 ), 
Caramello et al. ( 2020 ), Kennedy et al. ( 2020 ), Henry et al. ( 2022 ) 
and Reardon ( 2022 ). Oral extraction in conscious, cast horses re-
strained by ropes, or under chloroform anaesthesia, or occasion-
ally in standing horses restrained by twitches and leg ropes were 
widely practiced in the 1800s and early 1900s (Easley,  2022 ), 
with obvious welfare problems in nonanaesthetised horses. 
Nevertheless, many excellent equine oral extraction instruments 
and oral speculums were developed at those times. In the mid- 
1900s, for reasons unknown to the author, the practice of cheek 
teeth repulsion under chloroform and later, halothane general 
anaesthesia largely replaced oral extraction and became the 
standard equine cheek teeth exodontia technique (Figure  1 ). The 
repulsion technique, with its very high reported complication rate 
of up to 67% (Dixon et al.,  2000 ) or 80% (Caramello et al.,  2020 ) 
remained the standard cheek tooth exodontia technique until 
the 1990s.  

 The use of the (standard) lateral buccotomy cheek teeth exodon-
tia technique in the late 1900s caused a reduced prevalence but a 
different range of post- operative complications (O ' Neill et al.,  2011 ), 
as well as always requiring general anaesthesia with its attendant 
costs and risks. The advent of effective and safe equine sedation 
drugs facilitated the (re)introduction of standing oral extraction in 
the 1990s (Tremaine,  2004 ; Dixon et al.,  2005 ) using similar oral 
speculums and extraction instruments developed over 100 years 
previously. The later introduction of effective regional local anaes-
thetic techniques (Tremaine,  2007 ) further enhanced oral extraction 
techniques, which remains the current equine exodontia technique 
of choice. 

 However, oral exodontia requires the presence of a sufficiently 
strong clinical crown on the affected tooth. The development of 
less invasive exodontia techniques for teeth with incomplete clinical 
crowns, including minimally invasive (Steinmann pin) repulsion, min-
imally invasive transbuccal technique (MITT) [also termed minimally 
invasive transbuccal extraction (MTE)] and intraoral dental section-
ing have reduced the prevalence of post- extraction problems of 
teeth with an incomplete clinical crown as compared to the standard 
repulsion technique (Caramello et al.,  2020 ; Kennedy et al.,  2020 ; 
Langeneckert et al.,  2015 ). Regardless of the exodontia technique 
that is used, post- extraction problems can still occur even follow-
ing careful extractions by skilled veterinarians (Rice & Henry,  2018 ; 
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      Summary 
 Due to the length of the reserve crown and roots of equine cheek teeth, especially 
in young horses, their extraction (exodontia) can be a challenging procedure with the 
potential for many types of post- extraction complications to develop. The prevalence 
of post- extraction complications is greatly influenced by the exodontia technique used, 
with unacceptably high levels of complications with the traditional repulsion technique 
and conversely, low levels of complications with oral extraction performed by skilled 
operators. Recent objective studies on post- exodontia problems in horses have also 
highlighted some risk factors for the development of post- extraction problems including 
exodontia of rostral mandibular teeth in young horses, and exodontia of teeth with 
apical infections. The recent recognition that some nonhealing post- extraction equine 
alveoli suffer from a disorder very similar to dry socket in humans, may help clinicians to 
recognise, treat and possibly help prevent this disorder.   
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Gergeleit & Bienert- Zeit,  2020 ; Kennedy et al.,  2020 ) and the costs 
of treating some post- extraction complications can exceed the initial 
costs of exodontia.  

    Post- extraction alveolar management 

 Apical infection (Figure  2 ) is the most common indication for cheek 
teeth exodontia, being the reason for 62% of 428 extractions in a 
recent study (Kennedy et al.,  2020 ). Exodontia of apically infected 
teeth causes a bacteraemia with potential pathogens, including 
anaerobes (Kern et al.,  2017 ). Many clinicians administer preoperative 
antibiotics (e.g. penicillin and an aminoglycoside) to help prevent the 
rare spread of bacteria from infected teeth to distant sites, which 
can cause infections such as meningitis (Arndt et al.,  2021 ; Bach 
et al.,  2014 ). When infection of the supporting bones is present, 
longer- term post- extraction antibiotic therapy is justified. There is 
less consensus on the use of post- extraction antibiotic therapy in 
routine exodontia cases.  

 Following exodontia, the alveolus should be digitally and visu-
ally examined (using a dental mirror or oral endoscope), as should 
the apical aspect of the extracted tooth to ensure that no dental 
fragments remain in the alveolus. If any doubt remains, and always 
following repulsion techniques or where the apex of the tooth is not 
intact, post- extraction radiography should be performed to ensure 
that no intra- alveolar dental (or alveolar bone fragments) remain. 
Any such identified fragments should be immediately removed dig-
itally or using long, right- angled equine dental picks with adjustable 
heads or long- nosed, slim fragment forceps under visual guidance, 
and with use of suction of intra- alveolar blood to allow visualisa-
tion of mandibular alveoli. If suitable instruments are unavailable, 
high- pressure lavage of the alveolus using an equine dental syringe 
may remove unattached bone or dental fragments. Formation of a 
new blood clot should now be encouraged, if necessary, by alveolar 
curettage. 

 Optimal post- extraction healing will occur in an alveolus that did 
not have significant pre- existing alveolar bone infection, which has 

not sustained excessive exodontia- related alveolar bone damage, 
does not contain dental or bone fragments and which contains a 
large post- extraction blood clot. The alveolar blood clot should be 
protected from masticatory forces and food impaction by placing 
packing material (e.g. polysiloxane, acrylic or surgical swabs [gauze] 
impregnated with antibiotics, honey or dilute antiseptics) in the more 
occlusal (e.g. one third) aspect of the alveolus. Excessively deep alve-
olar packing will mechanically reduce or even prevent alveolar heal-
ing. Some clinicians have used antibiotic- impregnated surgical swabs 
in the more occlusal half of the alveolus to help treat existing and 
help control post- operative alveolar bone infection and these swabs 
are invariably retained at re- examination 1– 2 weeks later (Kennedy 
et al.,  2020 ). The risk of bacterial antibiotic resistance development 
must be considered with such local antibiotic therapy. The use of 
surgical swabs soaked in concentrated antiseptic solutions such as 
povidone iodine may risk causing chemical irritation and delayed al-
veolar healing . 

 No large objective studies have determined which post- extraction 
alveolar management is optimal. However, anecdotal evidence indi-
cates that just placing packing material in the alveolus following ex-
odontia and allowing this material to spontaneously dislodge later, is 
unsatisfactory. This is especially true following exodontia of apically 
infected Triadan 06– 08 mandibular cheek teeth in younger horses 
(Gergeleit & Bienert- Zeit,  2020 ; Kennedy et al.,  2020 ). Instead, the 
post- extraction alveolus should be actively managed until healing is 
complete or near complete. The alveolar packing inserted immediately 
post- extraction should be removed about 7– 10 days later, and the al-
veolus digitally examined to assess if it is lined by smooth (develop-
ing granulation) tissue over all its surfaces. Rough areas of exposed 
bone such as caused by alveolar sequestration or  dry socket  are readily 

  Post- extraction, the alveolus should be actively 
managed until healing is complete or near complete  

  F I G U R E   1                    The left image shows a maxillary cheek tooth being repelled under general anaesthesia. The right image shows typical damage 
to a repulsed tooth, with its apical area extensively fractured that predisposes to retention of dental fragments. 
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palpated and if these bony areas are loose (i.e. are sequestrae rather 
than dry socket), they should be removed digitally or using picks, with 
some sequestrae taking 3– 4 weeks to become loose. 

 If the alveolus appears to be healing normally at this first re- 
examination, it should be gently lavaged, without dislodging the 
blood clot. The occlusal aspect of the alveolus should be repacked 
(using less packing material on this occasion) and the alveolus re- 
examined 1– 2 weeks later to further assess alveolar healing and, in 
particular, for evidence of delayed sequestration. As noted, the most 
rigorous management is needed following extraction of younger 
mandibular teeth with apical infection and such cases should have 
repeated alveolar examinations until healing is very advanced.   

    POST-  E X TR AC TION DISORDERS 

      Damage to adjacent teeth 

 Due to the normal angulations and curvatures of the cheek teeth 
reserve crowns in the rostro- caudal plane, and/or due to improper 
repulsion punch placement, the punch may damage adjacent teeth 
(Dixon et al.,  2000 ), unless its position and angulation in the  rostro- 
caudal plane  is carefully monitored by intraoperative radiography 
during repulsion. Damage to adjacent teeth can less commonly occur 
due to wrong positioning of cheek teeth separators; when sectioning 
of teeth with damaged clinical crowns or during dental luxation using 
an elevator and mallet during MITT. Damage to a tooth that does 
not involve the pulp (endodontic system) or its apical blood supply 
will usually not cause any clinical problem. Exposure of dental pulp 
may become sealed off with tertiary dentine, but if this does not 
occur, then pulpar and later apical infection will develop. If the apical 

blood supply of adjacent teeth is iatrogenically damaged, this will 
cause death of the tooth that may not be evident for many months 
or years, with possible development of an apical infection or fracture 
of the devitalised tooth.    

    TR AUMATIC ALVEOL AR DAMAGE 

 Movement of the punch in a  medial or lateral plane  during repulsion 
may markedly damage the alveolus and supporting bones. When 
repulsing a mandibular cheek tooth, the punch may penetrate or 
even fracture the mandible, lingually or buccally to the tooth. When 
repulsing a mandibular cheek tooth, once a tract has been made to 
the apex of the affected tooth (along its eruption path), a pointed 
Steinmann pin should be replaced with a similar sized blunt pin. 
Placement of the blunt pin under repeated radiographic guidance 
and possibly palpating the dental apex with the pin can help place 
it on the affected tooth apex to allow its repulsion. Similarly, when 
repulsing a maxillary cheek tooth, the punch may penetrate or 
fracture the hard palate or the buccal aspect of the adjacent maxillary 
bone. Such damage can predispose to sequestration, osteomyelitis 
and/or local soft tissue infection. Alveolar damage can also occur 
during dental pick extraction of fractured teeth. 

 Due to the angulation of the caudal cheek teeth reserve crowns 
and the presence of the facial crest, it is not possible to perform 
the MITT extraction on all cheek teeth positions. Additionally, when 
teeth are being elevated (loosened) with a transbuccal elevator and 
mallet, the elevator will always cause local alveolar bone damage. 
Additionally, the angle of introduction of the elevator into the alve-
olar spaces is not always optimal and can cause local alveolar bone 
damage due to the restriction of having to use a single cannula site. 
Further details on this and other exodontia technique are given by 
Henry et al. ( 2022 ). 

 Partial crown removal (partial coronectomy) facilitates mesio- 
distal (rostro- caudal) dental crown movement when using cheek 
teeth separators (Rice & Henry,  2018 ). Intraoral sectioning of teeth 
is useful when extracting teeth with dilacerated (diverging) roots or 
apical hypercementosis –  both of which will cause difficult or even 
prevent extraction. It is also useful when extracting teeth with dam-
aged clinical crowns. The use of long dental burrs for the above pro-
cedures carries a risk of causing direct traumatic or thermal (if using 
nonwater- cooled equipment) alveolar bone damage that can cause 
delayed sequestration and infection of the injured bone.  

    RETENTION OF DENTAL FR AGMENTS 

 Standard repulsion of apically infected teeth tends to drive the punch 
into the diseased (less mineralised) apex and adjacent reserve crown 
and can cause peripheral fragments of the reserve crown to fracture 
off and remain attached to the alveolar wall (Figure  1 ). These frag-
ments need to be identified (including by routine post- extraction 
clinical and radiographic examinations following repulsion) and 

  F I G U R E   2                    Radiograph of an apically infected mandibular Triadan 
08 in a young horse where a thin metallic probe has been inserted 
into a ventral draining tract. Note the extensive bone changes at 
the caudal and apical aspects of the alveolus (arrows). Exodontia of 
this tooth has an increased risk of post- extraction problems as this 
is a rostral mandibular cheek tooth, is apically infected and this is a 
young horse. 
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then removed, else they will likely result in a nonhealing alveolus. 
Dental fragments, except for long mandibular roots in mature horses 
(Figure  3 ) are less commonly retained following other exodontia 
techniques.   

    DAMAGE TO FACIAL NERVES, 
VA SCUL ATURE AND PAROTID DUC T 

 The standard lateral buccotomy extraction technique has largely 
been discontinued due to its invasive nature, necessitating long 
incisions in the cheeks and/or supporting bones with risk of dam-
aging buccal nerve branches, facial vasculature or the parotid sali-
vary duct and always requiring general anaesthesia. There is a low 
risk of such damage with a carefully performed MITT.  

    INFR AORBITAL NERVE DAMAGE 

 Damage to the infraorbital canal and its nerve can occur during 
maxillary cheek tooth repulsion, especially in young horses where 
the infraorbital canal sits immediately medio- dorsal, or dorsal to the 
apical aspect of the alveolus. In many young horses, it is difficult to 
understand how such nerve damage is avoided during a standard re-
pulsion. If the infraorbital nerve is damaged by repulsion techniques, 
clinical signs may occur within hours in a proportion of horses and 
can include violent headshaking, distress and rubbing (even excoriat-
ing) the ipsilateral nostril off adjacent structures. Such cases usually 
do not respond to corticosteroid, nonsteroidal anti- inflammatory, or 
opiate therapy, but may respond in the short- term to acetylproma-
zine therapy. Thankfully, most of such cases show spontaneous res-
olution of clinical signs within 1– 2 weeks of nerve injury. However, 
some cases of trigeminal damage can cause longer term headshaking 
(Ogden et al.,  2023 ). Infraorbital nerve damage is much less likely 

following Steinmann pin repulsion, but long- term signs of clinical 
trigeminal neuropathy can very rarely occur following use of this 
technique.  

    SURGIC AL SITE INFEC TION 

 Due to their inevitable contamination with dental pathogens, infec-
tion of trephine repulsion sites is common (Caramello et al.,  2020 ) 
but usually self- limiting. Prolonged nonhealing of cutaneous repul-
sion tracts should prompt an examination for the presence of intra- 
alveolar dental or bone fragments, or of saliva or food from oral 
leakage. Local infection and delayed healing can occur at standard 
buccotomy wounds (O ' Neill et al.,  2011 ) but rarely at MITT sites.  

    SEQUESTR ATION OF ALVEOL AR WALL 

 The most common complication following oral extraction is seques-
tration of segments of alveolar bone with or without concurrent al-
veolar infection. Kennedy et al. ( 2020 ) found alveolar sequestration 
to be the most common post- extraction problem and was identified 
in 38/428 cheek teeth extractions (including with 343 oral extrac-
tions). Clinical signs of alveolar disease were present in 17 of these 
cases (4% of 428 cases) but in 15 cases (3.5%) the (usually smaller) 
sequestrate that were detected on routine post- extraction alveolar 
examinations did not cause a detectable clinical problem (Kennedy 
et al.,  2020 ). Giegert and Bienert (2021) found a 6.6% (20/302 cases) 
prevalence of clinical post- extraction complication with  mandibular  
cheek teeth oral extractions, with 18 of 20 complications being al-
veolar sequestration and infection, including sequestration of the 
complete alveolar wall. 

 Due to the great length (up to 9 cm long) of equine cheek teeth 
reserve crowns, high and prolonged mechanical forces are required 

  F I G U R E   3                    These extracted Triadan 10 mandibular cheek teeth are from two mature horses that had bilateral Triadan 10 developmental 
displacements and long- term periodontal disease. Exodontia of these teeth with long curved tapering roots resulted in fracture of one 
caudal (distal) root in the teeth as shown in the left image and of one rostral (mesial) and one caudal (distal) root as in the teeth shown in the 
right image. 
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to break down their periodontal membranes. High forces are also 
required to deform the layer of dense bone (i.e. bundle bone or crib-
riform plate –  radiologically termed the  lamina dura [denta] ) that lines 
the alveolus and compress it into the underlying spongy bone to en-
large the periodontal space and so allow dental movement and later 
extraction (Figure  4 ). This necessary alveolar bone deformation can 
cause it to fracture deeply and/or may disrupt its local blood sup-
ply. The partial coronectomy technique (Rice & Henry,  2018 ) may 
less traumatically create additional intra- alveolar space to facilitate 
extraction.  

 Fragments of fractured alveolar bone may be detected immedi-
ately following exodontia if the fractured bone segment is displaced 

by exodontia forces. More commonly, alveolar fragments are rec-
ognised a week or more later (Figure  5 ), especially if caused by 
extraction- induced loss of blood supply to a local area of fractured 
alveolar bone. The presence of alveolar sequestrae prevents alve-
olar healing and can act as a nidus of infection, often leading to al-
veolar infection and even to osteomyelitis of the supporting bones 
(Figure  6 ). Such infected alveoli are usually malodorous and on digital 
palpation have areas of exposed bone and/or contain loose seques-
trae. Alveolar sequestration occurs more commonly in mandibular 
as compared to maxillary cheek teeth, as is also the case in human 
dentistry (Chiapasco et al.,  1993 ), possibly related to differences in 
the thickness and rigidity of the mandibular bones and their blood 
supply. The effects of gravity in retaining alveolar bone sequestrae 
and infected exudate in mandibular as compared to maxillary alveoli 
may also be significant.    

    ALVEOL AR BONE INFEC TION AND 
OSTEOMYELITIS OF THE SUPPORTING 
BONES 

 The most common indication for equine cheek teeth exodontia 
is infection of the tooth apex that is usually caused by mixed an-
aerobic bacterial infections (with concurrent infection of some or 
all pulp horns, the adjacent periodontal membranes and alveolar 
bone). Extraction- related damage to the alveolar bone may facili-
tate more extensive bone infection by these pathogens to develop. 
Consequently, post- extraction complications are higher following 
extractions of apically infected as compared to fractured teeth with-
out clinical apical infection (Kennedy et al.,  2020 ) and especially in 
horses with pars pituitary intermedia dysfunction. Concurrent al-
veolar sequestration is common with alveolar and supporting bone 
infections and it may not be possible to determine which of these 
complications came first (Figure  6 ). 

  F I G U R E   4                    This radiograph of normal rostral mandibular cheek 
teeth in a young horse has the periodontal space rostral to the 
Triadan 07 indicated by a yellow arrow. The adjacent lamina dura 
(bundle bone or cribriform plate) (white arrow) overlies the larger 
expanse of spongy bone (SB). 

  F I G U R E   5                    The left image shows a nonhealing, post- extraction alveolus with thin alveolar sequestrae (arrows) visible in its lumen. A small 
granuloma- type lesion is present on the top left of this image. The right image shows some of the sequestrae that were removed from this 
alveolus. 
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 If the supporting mandibular or maxillary bones are swollen 
and painful on palpation, the alveolus is obviously infected and will 
usually contain malodorous exudate. Systemic and possibly local 
antibiotic therapy should be administered to such cases along with 
removal of sequestrae and alveolar lavage followed by packing. 
Repeat examinations, even weeks later may show development 
of new sequestrae that also must be removed. Because many of 
the bacteria involved in dental infections are partial or full anaer-
obes and possibly 50% cannot be conventionally cultured, broad- 
spectrum antimicrobial treatment that is effective for anaerobic 
infections should be administered to such cases. Further examina-
tions including imaging to assess the degree of bone infection and 
detect new sequestrae should also be performed until the alveolus 
has complete granulation tissue cover that indicates alveolar heal-
ing (Figure  7 ).   

    ORO - MA XILL ARY, ORO - NA SAL AND ORO - 
CUTANEOUS FISTUL AE FORMATION 

 The presence of a food- containing nasal discharge following exodon-
tia is indicative of an oro- nasal (Figure  8 ) or oro- maxillary (Figure  9 ) 
communication and likewise the presence of food or saliva at a re-
pulsion site indicates the presence of an oro- cutaneous communica-
tion. Rarely, an apically infected tooth will develop necrosis of the 
apical aspect of its alveolus and following routine oral extraction, an 
oro- sinus/nasal communication will immediately be obvious in such 
cases. By necessity, repulsion always damages the apical aspect of 
the alveolus and if the alveolar packing is lost before the damaged 
alveolar apex has healed, this causes oro- maxillary, oro- nasal or oro- 
cutaneous tracts that eventually may epithelialise and become fistu-
lae. This is in total contrast to nonrepulsion techniques that preserve 

  F I G U R E   6                    Left: This parasagittal CT image is of a horse with alveolar osteomyelitis and sequestration following exodontia of 408. Note 
the gross soft tissue swelling overlying the affected alveolus (white arrow), alveolar thickening and remodelling and a large sequestrum of its 
lateral wall (star). Right: This transverse CT image of the same case in a slightly different plane also shows the overlying soft tissue swelling 
(white arrow), gross alveolar wall remodelling and an intra- alveolar sequestrum (yellow arrow). The alveolus of (maxillary) Triadan 208 which 
underwent exodontia the previous year is fully healed. 

  F I G U R E   7                    The left image shows the mandible in Figure  6  with post- exodontia osteomyelitis, sequestration, overlying soft tissue swelling 
and widespread alveolar bone changes. The right CT image of this same site was obtained 8 months later, when the infection had resolved. It 
shows a shortened mandible with reformation of its walls and the 408 alveolar lumen filled with osteoid material. 
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the integrity of the alveolar apex. Damage to the alveolar apex is es-
pecially marked when a traditional (large) dental punch is used, and 
one study showed an 11% prevalence of oro- maxillary or oro- nasal 
fistulation following repulsion (Caramello et al.,  2020 ). In contrast, 
the careful use of a fine punch (e.g. a 5- mm diameter Steinmann 
pin) seldom causes fistulae, especially if it is inserted through a pre- 
existing apical draining tract.   

 When loosening maxillary cheek teeth using the MITT tech-
nique, care must be taken that the dental elevator is not punched 
too far in an apical direction, or at a later stage of MITT, that 
the drill bit does not penetrate the apex of the alveolus into the 
overlying sinus or nasal cavity. Greatly varying prevalences of 
oro- maxillary fistulae have been reported following MITT from 

29% (Caramello et al.,  2020 ), 26% (Reichert et al.,  2014 ) to 2% 
(Langeneckert et al.,  2015 ). 

 For treatment of these communications or fistulae, the tracts 
need to be lavaged of food and debrided of any epithelial lining. A 
more robust barrier, for example, an acrylic alveolar prosthesis, can 
be placed between adjacent teeth to prevent further alveolar food 
ingress into the alveolus until it heals (Dixon,  2020 ).  

    NONHE ALING ALVEOLUS WITH E XPOSED 
ALVEOL AR BONE ( ‘DRY SOCKET’ ) 

 The presence in a nonhealing alveolus of exposed, often tan- 
coloured, alveolar bone that  remains firmly attached  to the remain-
ing alveolar bone and which remains vital beneath the usually 
discoloured exposed layer, is termed  dry socket  (Figure  10 ). Dry 
socket is the most common (and a very painful) post- exodontia 
problem in humans where it is usually caused by absence of an 
adequate intra- alveolar blood clot that should protect the exposed 
alveolar bone. Dry socket has only recently been recognised in 
horses (Horbal et al.,  2019 ; Kennedy et al.,  2020 ), but possibly all 
nonhealing alveoli without obvious infection or sequestrae could 
be considered to be affected by this disorder. Such alveoli, that 
are often painful, need repeated monitoring and packing to cover 
the exposed alveolar bone. It may take many weeks for the super-
ficial alveolar bone layer to be shed or resorbed and the underly-
ing healthy bone to then become covered in granulation tissue to 
allow alveolar healing.   

    CONTINUATION OF UNIL ATER AL NA SAL 
DISCHARGE 

 The failure of dental sinusitis cases to resolve following exodontia 
may be related to one of the above described alveolar disorders but 
is much more likely to be caused by a residual sino- nasal problem 

  F I G U R E   8                    This transverse CT image taken following exodontia 
of 206 shows a large oro- nasal fistula filled with food (arrows). 
There also is almost total loss of the surrounding alveolus and of 
some of its supporting bone that will make repair of this fistula very 
problematic (figure courtesy of Dr Eric Parente). 

  F I G U R E   9                    These intraoral images show a large oro- maxillary (oro- sinus) fistula at the site of a repulsed 109 (arrows). The dental mirror 
in the right image shows the fistula to be filled with forage. This neglected fistula is expanding in a palatal direction and will be increasingly 
difficult to treat. 
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(Dixon et al.,  2021 ). Such cases should have the affected alveolus 
examined and, if it contains sequestrae and/or is infected, or if it has 
a communication with the sinus, these disorders should be treated. 
However, the more likely causes for nonresponse of dental sinusitis 
are the presence of inspissated exudate or bone sequestrae in the 
affected sinuses or intercurrent nasal disease including nasal con-
chal bulla infections (Dixon et al.,  2020 ,  2021 ).  
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  F I G U R E   1 0                    This oral endoscopic image shows a nonhealing 
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• ‘Simple and Easy’ Dynamic Endoscopy 
•  Records Audio & Video to Android 
    Phone
  - ‘Live’ Remote Viewing Now 
           Possible
• Lightweight, Halter Mounted System
• • The ‘Gold Standard’ for Diagnosing
   Upper Airway Breathing Problems

• 30 Watts, 980nm Laser 
• Surgical Protocols 
• Continuous & Pulsed Modes   

•  Quick ‘Plug and Play’ Set-Up
•  Works with Computers,
    Laptops, Tablets, and 
    Cell Phones
•  Durable Stainless Steel 
    Design 
•  High Resolution + Super Bright LED’s •  High Resolution + Super Bright LED’s 

888.438.8683   

Machine wash & dry

WATERPROOF WORKWEAR
Jackets, Bibbed Overalls & More!

www.uddertechinc.com
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Se•Qual™ is a trademark, and Duralactin®, PRN®, and ReBalance® are 
registered trademarks of Pegasus Laboratories, Inc.

Duralactin® is a joint health supplement and is not FDA-approved.

PRN® Pharmacal Can Help

POSSIBLE.

Veterinarians 
Make It

The human-animal bond is grounded 
in trust, and PRN® Pharmacal is proud 
to help strengthen that bond through 
dependable products.

Talk to your PRN Pharmacal representative 
today or visit PRNPharmacal.com to learn more.

Innovative Science.
Proven Results.

Bluegrass Animal Products, Inc.
859-381-9242  | www. bluegrassanimalproducts.com

FDA Disclaimer: These statements have not been evaluated by the FDA. 
This product is not meant to diagnose, treat, cure or prevent disease.

                        The Probiotic that is    

      “From the Horse!”

60cc syringe (single)
Tasty apple flavor Horses love!

• competition horses
•  horses under stress of  

training and travel
• horses with loose stool

•  before and after  
vaccinations

•  use before, during and  
after antibiotics to  
replenish good bacteria

Benefits:

AAEP June issue_1/4page_R1.indd   1AAEP June issue_1/4page_R1.indd   1 5/12/23   2:09 PM5/12/23   2:09 PM NEED C.E.
CREDITS?
Check out our education page at: 
www.maianimalhealth.com

CREDITS?
Check out our education page at: 
www.maianimalhealth.com
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Testing You Can Count On 

Foal IgG Monitoring 
 
Progesterone Screening 
 
SAA Early 
Infection 
Detection

• Numeric Results 
• Three 15 min tests 
• 1 Reader !

1-609-275-0133 
www.targetvet.com
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Ultra 9030 HF
• Only 16 lbs
• 90kV / 30mA
• Dual Laser Pointers
• 82-130vAc operation
    @ as little as 5 amps

• Only 11.9 lbs
• 90kV / 20mA
• Battery Operated
• Wireless Charging

AirRay – 20

scott@vetxray.com | 605-341-2433

• Fast and Durable
• Superior Software
• CsI Pixel Pitch – 76 μm
• Lightweight Wireless 10” x 12”
• 5 yr hardware & software warranty

Finally! A software created to
manage horses!

You can't expect to
run a large animal

practice with small
animal software.

T H E  S O F T W A R E  F O R
T H E  E Q U I N E  I N D U S T R Y

Increased Cashflow

Work from Anywhere

Secured Cloud Server

Improved Efficiency

www.WiseOption.com

When you choose efficiency, you save yourself time and money.
We want your practice to thrive. Visit our website
www.WiseOption.com for more information.

C
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K
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GO TO GLUE-U.COM/AAEP

WHAT WE DO…
GLUSHU: THE MOST 

VERSATILE GLUE ON SHOE

• Aluminum shoe encases in rubber
• Can be shaped on the anvil
• Adjustable for breakover
• Designed to be applied to a standing 

horse, no need to hold the foot!

15% discount at our booth 2155

TM

Proven Innovation

backontrackusa.com

Stop by Booth #1820

for the Horsefor the Horse

The Foundation for the Horse fosters a community where

every horse is cared for by supporting veterinary education,

research, and programs for equines at risk.

Learn more and  support our efforts at foundationforthhorse.org

A Community that Cares

for the Horsefor the Horse
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Arenus Animal Health | 866-791-3344 | www.arenus.com
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Ask your Veterinary Solution Specialist how Releira can take your 
patient’s breeding program to the next level.

REDUCE
THE
STRUGGLE.

The only product researched to improve conception
rates in difficult to breed mares.

Not only reduce the cycles to conception for your difficult mares but improve semen quality in those stallions
with morphology and motility issues. Research proven to improve cognitive abilities in the newborn foal.

Take your breeding program to the next level with this research-backed Omega-3 formula providing reproductive
health benefits for mares, stallions, and foals. Releira addresses common fertility issues with a readily absorbed,

vegetarian algae source.

DON’T LEAVE YOUR BREEDING
PROGRAM UP TO CUPID

You work long hours.

 
All day imaging, no matter how long your day is…

• Over 12 Hours of imaging time! 

• Operates as a notebook or tablet 

• Easy to carry briefcase design 

• Glove friendly touch screen 
  and full keyboard

EQUIPMENT 

THAT WORKS
 

AS HARD AS 

YOU DO.

WEPX-V10

FOR A FREE DEMO, CALL

844.483.8729

Book a demo today and get a FREE 12 volt 
300 watt vehicle inverter to keep all your 

equipment running as long as the WEPX!
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