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From the president: Winds of change
By David Frisbie, DVM, Ph.D., DACVS, DACVSMR

Autumn is coming, bringing
with it the changing of leaves
and seasons. Change seems to
be the ongoing theme, and,
through it, I hope you and
your loved ones are safe and
well. In my June president’s
letter, I was grappling with
uncharted territories in
everyday life, as were most of
you. Although each day
brings fresh challenges, and
stability or a clear under-
standing of the future have not yet materialized, we are
adapting and creating new routines.

\\\\\_ :: . ]

Dr. David Frisbie

Happily, one thing that has not changed is that we
continue to see fellow members doing great things. This
summer, the AAEP invited horse owners to nominate their
equine veterinarian for the My Vet Rocks contest, and the
heartfelt stories received truly showcase our clients’
admiration for our profession. More than 130 AAEP
members were nominated for recognition, and the June
and July honorees are featured on page IX in this issue.
Congratulations to each of you for serving your commu-
nities and creating bonds that benefit the horse.

In July, your board of directors met remotely. On the
agenda were recommendations from the Nominating
Committee; financial review; discussion about CE
offerings, including the annual convention; diversity and
inclusion initiatives; and committee updates. Some
highlights of these topics include the approval of Drs.
Rob Franklin and Amy Grice for vice president and
treasurer, respectively, as well as approval of board
candidates and award recipients, for which more informa-
tion is forthcoming. Our financial update indicated that
the year to date was comparable to that of 2019; with
general reductions in expenses, we are still in a favorable
cash position. While our cash reserves remain intact, this
rainy day fund stands ready if needed and may be
dependent on the annual convention financial picture.

Our two biggest sources of income are membership dues
and the annual convention. Membership renewal is also
on par with 2019 with renewals occurring earlier than
past years. Many thanks to all of you for your support.

We have worked diligently this summer to gather
information and opinion around the annual convention,
including input from our educational partners, trade
show attendees and, importantly, our membership. Again,
a shout-out to our membership for your engagement by
providing over 1,000 responses within the first 24 hours
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to our late-July convention survey. The board has
continued to monitor the re-opening of Las Vegas as well
as compile all the data currently available from our
membership and stakeholders. After careful consideration
of all the data as well as the potential safety risks to our
members, staff, exhibitors and other attendees from the
ongoing COVID-19 pandemic, the board voted unani-
mously in mid-August to hold this year’s annual
convention and trade show as a virtual event. While dis-
appointed to not be able to gather in person this year, we
are excited about the opportunities for education and
connection presented by a virtual convention and trade
show. The educational program will offer a blend of live
and on-demand sessions, ensuring that you can conve-
niently earn CE hours based on your personal schedule.
Exact dates and the schedule of sessions and events will
be announced in September.

Looking outward, our
nation, and the world, are

in a state unlike any other This is the type of

time in history. In an age
where fear, social unrest
and anxiety fuel mistrust
and a divided nation, our
profession is a source of
light. While we come from
many backgrounds, creeds
and beliefs, we are brought
together by a common
goal. The horse, a creature
that is almost mythical in
its public perception, holds
the ties that bind us. I see
people who would

bond that allows us to
see the best in each
other, to find the light
at the end of the
tunnel and to help
lead a movement of
better understanding
and respect to our
fellow human beings.

otherwise not be friends or even acquaintances drawn
together in friendship and respect due to their common
love and service to the horse. This is the type of bond that
allows us to see the best in each other, to find the light at
the end of the tunnel and to help lead a movement of
better understanding and respect to our fellow human
beings. To help augment what the horse already does for
us, the AAEP board at our recent meeting approved a
task force to evaluate our current and future efforts in

diversity and inclusion.

Although it is undeniable that the future holds a changing
landscape, there are some things we can always count on.
For this organization and our membership, it is the
commitment to the horse and the people who love the
horse. The AAEP will continue working to provide the
best continuing education and support to its members in
fulfilling the goals of advancing the welfare of horses

everywhere.
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Directors meet virtually to chart the months ahead

By David Foley, AAEP Executive Director

With proliferation of
COVID-19 causing cancella-
tion or postponement of
many in-person gatherings,
the AAEP board of directors
met July 20 by videoconfer-
ence to conduct its summer
meeting. Much of the half-day
meeting involved updates
from our various committees,
councils and task forces.
There was also discussion of
the status of our annual
convention scheduled for early December in Las Vegas,
Nev. Following is a synopsis of the meeting;:

David Foley

The Nominating Committee reviewed and recommended
candidates for our board of directors’ ballots, 2021 vice
president and treasurer positions, and annual awards.
Ballots for the three open board positions have been
established and voting will occur in late August through
early September. The committee comprehensively reviews
candidates to ensure the board maintains an appropriate
balance of skills and perspectives. Dr. Rob Franklin was
selected as the next vice president and will assume the
presidency in 2023. Dr. Amy Grice was selected for a
three-year term as the next treasurer. Meanwhile, award
recipients will be announced during the annual
convention.

Board deliberations then shifted to a variety of discussion
items, beginning with a review of the budget, which
showed a consistent year-to-date comparison with 2019.
Reduced general office, travel and committee meeting
expenses have boosted AAEP’s cash position; however,
our cash position would be significantly reduced if unable
to conduct an in-person convention.

The board was informed that AAEP staff had been
conducting convention scenario planning, which included
discussions with educational partners and a survey of
exhibitors. Members were to be surveyed in late July. The
exhibitor and member surveys may be repeated in late
August to discern any trends that, when coupled with
ongoing financial scenario planning, potential travel bans
and exploration of a virtual option, would help the board
decide by early-September whether to proceed with an
in-person meeting. While Mandalay Bay, the AAEP
convention hotel, is open for business, current regulations
in Nevada preclude gatherings of over 50 people, so gov-
ernmental regulations may dictate any decision about an
in-person convention in 2020.

Following convention discussions, the board focused on
potential correlations between current societal events and
equine veterinary practice. Specifically, the board
approved a motion to form a task force to examine

diversity and inclusion issues within both the profession
and the association. The task force will be formed in
August and will audit the association’s activities and
programs to ensure that the AAEP is providing opportu-
nities for all members to participate and creating a
welcoming environment at its events. Until more formal
action could be taken, the following interim statement
was approved: “The AAEP’s mission is to champion the
health and welfare of the horse and we welcome and
encourage anyone of any ethnicity, identity, and
background who shares this mission to join us. Recent
events have again reminded us to be vigilant in this area,
a mission the board has recently discussed and is taking
action to ensure.”

The discussion items portion of the meeting concluded
with review of the feasibility of the Leadership
Development Workshop planned for this fall in
Lexington, Ky. Considering COVID-19 disruption, the
board approved a motion to postpone the workshop until
2021 to allow for an in-person event.

The meeting’s focus then turned to work group recom-
mendations. Specific actions taken included:

e Approval of a recommendation from the Finance
Committee to change its charge and composition.
This motion requires a Bylaws change, so it will need
to be presented for a vote at the General Membership
Meeting for approval.

e Referral to the Nominating Committee of a
President’s Advisory Council recommendation to add
an additional board position; and approval of a rec-
ommendation to remove the 15-year restriction on
eligible officer candidates.

e Approval of a Professional Conduct and Ethics
Committee recommendation to change the policies
and procedures surrounding disciplinary action to be
better harmonized with the Bylaws. The board also
provided input on ethical scenarios the committee
has proposed to run in EVE and/or Spur.

e Approval of a revised motion regarding Student Task
Force recommendations to table action on chapter
activities (receptions) and chapter grant programs;
send chapter activities (wet labs) and scholarships to
the Foundation Advisory Council for funding consid-
eration; and approve various communications-related
items.

Additional topics discussed that did not require board
action included the prospect of a New Graduate program,
digital education, mentorship and the current state of
practice.

The next scheduled meeting of the board will be held in
December in conjunction with the annual convention.
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Acquire telemedicine guidance during new Practice Life podcast

“Don’t think of telemedicine as substi-
tuting for, but as enhancing what we
are doing,” according to the University
of Pennsylvania School of Veterinary
Medicine’s Dr. Cris Navas on the most
recent episode of the AAEP Practice
Life podcast.

The 36-minute episode, entitled “Equine Telemedicine,” is
hosted by Dr. Mike Pownall and explores the experiences
and recommendations of three equine practitioners: Dr.
Navas; Dr. Elizabeth Herbert, owner of Adelaide Plains
Equine Clinic in Gawler, South Australia; and Dr. Erica
Lacher, owner of Springhill Equine Veterinary Clinic in
Newberry, Fla.

Discussion included fees and how to charge, ideally suited
cases, potential pitfalls and onboarding clients. To facilitate
her clients” adoption and use of telemedicine, for instance,
Dr. Lacher at routine calls distributes a card containing
relevant information on installing and using the practice’s
telemedicine app so that clients can get set up in advance
should they ever need or want to use the service. In
addition, she created a “Telemedicine How-To Video” that
shows clients how to take proper photos and videos of eye
injuries, lacerations and lamenesses. The video is available
on the practice’s Youtube channel at youtube.com/user/
SpringhillEquineVet.

Download or listen to the episode at podcast.aaep.org.

Practitioners from Texas and Montana named AAEP officers

Drs. Rob Franklin and Amy Grice have been named officers of the AAEP and will assume their respective positions when
installed at the end of 2020. Dr. Franklin has been named 2021 vice president and will assume the role of AAEP president in
2023; Dr. Grice has been named treasurer and will serve a three-year term.

Rob Franklin, DVM, DACVIM
Dr. Franklin is a partner in
Fredericksburg Equine Veterinary
Services in Fredericksburg, Texas, and
a strong advocate for equine-humani-
tarian efforts through his support of
working equid welfare.

Dr. Franklin, who earned his
veterinary degree from Texas A&M
University, is a founding director of
the Equitarian Initiative and has led
more than 15 veterinary medical trips to Central America
since 2012 to administer care to the region’s working equids
and education to caretakers. He is also co-founder of the
animal nutritional supplement company Animal Stewards
International, whose pay-it-forward model helps animals in
need in underdeveloped countries.

Dr. Rob Franklin

An AAEP member since 1998, Dr. Franklin serves as chair of
the Wellness Committee and previously served on the board
of directors from 2015-2017. In addition, he has volunteered
as a member of the Educational Programs and Nominating
committees. He is co-founder and past president of the Texas
Equine Veterinary Association, past president of the Marion
(County, Fla.) Veterinary Medical Association and a former
director of the Florida Association of Equine Practitioners.
He has published numerous book chapters and peer-
reviewed journal articles, and he has presented at national
and international veterinary conferences.

Amy Grice, VMD, MBA

After 25 years as an ambulatory
equine practitioner with Rhinebeck
Equine in Rhinebeck, N.Y., Dr. Grice
resigned as managing partner of the
large referral practice in 2015 to
launch a veterinary business
consulting practice in Virginia City,
Mont. She established Amy Grice
VMD, MBA, LLC to help veterinari-
ans navigate challenging practice
environments to lead more successful
and satisfying lives.

Dr. Amy Grice

Dr. Grice received her veterinary degree from the University
of Pennsylvania and her MBA from Marist College School
of Management. She frequently speaks at educational
seminars for veterinarians and contributes veterinary
business articles to AAEP Media Partner EquiManagement.
In addition, she facilitates regional Decade One networking
groups for early-career veterinarians and serves on the
AVMA Veterinary Economics Strategy Committee.

An AAEP member since 1990, Dr. Grice currently serves on
the Wellness Committee. She previously served on the board
of directors from 2016-2018, the Foundation Advisory
Council, and the Educational Programs, Leadership
Development, Nominating and Owner Education
committees. She received the 2017 AAEP President’s Award
for her central role in the development of the AAEP-AVMA
Economic Survey.



VI AAEP News September 2020

ASSOCIATION

S things to know about AAEP this month

1. If you are now in a 2. Racetrack practitioners: Read

COVID-19 hotspot, acquire the newly expanded AAEP
health and safety tips for Guidelines for the Necropsy
you and your practice at of Racehorses at https://

aaep.org/resources/
covid-19-resources-
veterinarians.

tinyurl.com/aaepnecrh.

3. International members:
AAEP’s reinstated
document retrieval
service is available to you.
Request copies of
articles, book chapters
and conference papers at

4, View the AAEP’s new
African Horse Sickness
Guidelines or save them as
a PDF to your mobile device
at https://tinyurl.com/
aaepahsg.

5. Access an online special
issue of EVE containing
16 original articles on
“equine medicine” at
wileyonlinelibrary.com/
journal/eve. The issue is
free access until Nov. 1.

membership@aaep.org.

African Horse Sickness Guidelines published

The AAEP has published comprehensive guidelines to
assist practitioners and regulatory agencies with identifica-
tion, diagnosis and control of African horse sickness
(AHS), a highly fatal, internationally reportable disease of
equids.

Although AHS does not occur in horses in the United
States, a recent outbreak in Thailand, with a 94%
mortality rate, illustrates the devastation possible when the
non-contagious, insect-borne infectious disease affects a
naive horse population.

“The potential risk of introducing endemic or transbound-
ary diseases into the country’s equine population cannot be
over emphasized, either at the level of the practicing veteri-
narian or the horse-owning public,” said guidelines author
Dr. Peter Timoney, the Frederick Van Lennep Chair in
Equine Veterinary Science at the University of Kentucky’s
Gluck Equine Research Center. “Failure to suspect the
occurrence of such a disease could have major consequenc-
es, especially when dealing with a contagious disease or a
vector-borne disease like African horse sickness.”

“We must remain vigilant through the USDA’s strict testing
of horses at points of entry into the U.S. and expand
awareness among equine practitioners to prevent the
potential detrimental effects of AHS and other endemic or

WE DELIVER!

® Request a complimentary online
database search on a specific topic

or for articles, book chapters and
conference papers, exclusively for
AAEP members

AAEP Document Retrieval Service

A horse affected with the cardiac form of AHS presenting
with significant swelling of the supraorbital fossa and a
bilateral conjunctival discharge.

transboundary diseases,” added Timoney. “The risk applies
not only to horses but also to other equid species, specifi-
cally zebra, that are sought after for zoos and privately
owned wildlife or safari parks.”

The African Horse Sickness Guidelines were edited and
reviewed by Dr. Abby Sage along with the AAEP’s
Infectious Disease Committee. View the guidelines or
save them as a PDF file to your mobile device at
https://tinyurl.com/aaepahsg.

Visit aaep.org/members/document-retrieval-service
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The Hawthorne Effect and racetrack practice

By Kevin Dunlavy, DVM

In the last two years, virtually
every aspect of the horse
racing industry has been under
increased scrutiny, with much
of that increased scrutiny spe-
cifically directed at racetrack
veterinary practice. As a result,
the practice of veterinary
medicine on the racetrack has
been called to a new standard
of accountability.

Dr. Kevin Dunlavy

The Hawthorne Effect is a
type of reactivity in which
individuals modify an aspect of their behavior in response
to their awareness of being observed. As racetrack
veterinary practitioners, we are being observed and the
resultant reactivity is a good thing. It is causing the practi-
tioner to reassess medical treatments and the medical
ethics of those treatments.

A good case in point has been the practice of dispensing
supplements like Thyro-L (levothyroxine). Although the
literature is clear that hypothyroidism in the horse is rare,
an all-too-common practice has been wholesale treatment
of entire stables. We can all agree that thyroxine supple-
mentation may be beneficial in individual cases, and those
cases are based on lab work, exam and clinical signs such
as horses with poor hair coats, lethargy or juvenile obesity.
But is it an ethical practice to dispense a prescription
medication to an entire stable? The concept of herd
treatment is simply not medically justifiable and modifying
this type of behavior will not only serve the racing
industry but, more importantly, the horse.

Medical records are another area of increased accountabil-
ity. Traditionally, the medical records of most racetrack
practices have consisted of an invoice of billed procedures.
The medical records would rarely reflect any detailed
patient information or any of the thought process behind
the treatments. The lack of a detailed medical record is a
substandard practice.

As state racing commissions and racetracks have requested
and enforced transparency of medical treatment, the need
for more detailed medical records is an ever-increasing
necessity. The ethical and legal question of confidentiality
of medical records is typically addressed in the Veterinary
Practice Act of each state, and it is incumbent upon the
practitioner to know who is entitled to that information.
In some states, the Veterinary Practice Act has been

amended to allow for veterinary reporting requirements to
regulatory authorities. Racetracks have also instituted
Conditions of Racing whereby veterinarians, trainers and
owners agree to transparency of medical records. Needless
to say, the accountability of complete medical records is an
ethical goal we should all strive for.

The scrutiny of horse racing has also caused the practi-
tioner to consider the concept of risk aversion or, more
accurately, the evolution of risk aversion. Although risk
aversion is typically used in economics and finance, the
concept for the veterinarian is to minimize as many health
risk factors as possible for the horse. Hopefully, the
evolution of risk aversion is the selection of the opposite,
advantageous selection; what that means is an opportunity
to truly represent the horse. There is inherent risk in horse
racing, and there is also the opportunity to minimize as
many health risk factors as possible. Numerous racetracks
have instituted guidelines for the express purpose of
evaluating a horse’s fitness to race and work. These
guidelines require the trainer’s attending veterinarian to
perform these exams prior to the scheduled race or work.
These exams present an opportunity for the practitioner to
not only be risk averse but advantageous selecting.

Regardless of discipline of equine practice, the Hawthorne
Effect can call us all to a new standard of accountability.
Protecting the health and wellbeing of the horse is our
moral obligation as equine practitioners, and the racetrack
veterinary practitioner is being called more than ever
before to intercede on behalf of the horse.

i

“The accountability of complete medical records is an ethical
goal we should all strive for.”

]

Every Day-Every Time

Dr. Dunlavy is managing partner of Kentucky Equine Medical Associates, PLLC
in Louisville, Ky. He is a member of both the AAEP’s Racing Committee and
Professional Conduct and Ethics Committee.



VI AAEP News September 2020

CONTINUING EDUCATION

More than 250 crack the code during AAEP’s first virtual CE event

Much as COVID-19 has influenced the practice of
veterinary medicine in 2020, the global pandemic has
similarly altered how practitioners acquire their necessary

CE hours.

Following postponement of AAEP’s traditional summer
meetings until 2021, the association’s inaugural venture
into live online CE crossed the finish line Aug. 27 as 254
practitioners and veterinary students tuned into the
monthlong Virtual CE Summer Series, “Cracking the
Performance Horse Code: Interdisciplinary Strategies to
Maximize Clinical Outcome.”

Featuring a pair of live two-hour sessions each week in
August with on-demand options for those unable to attend
any of the live sessions, the series provided 16 hours of
RACE-approved CE on interdisciplinary diagnostic, thera-
peutic and rehabilitative strategies for performance horses.

“I was at a loss as to how I was going to get CE this year
and this has really saved me,” said Dr. Kathleen Paasch,
ambulatory practitioner and partner in Rood & Riddle
Equine Hospital in Lexington, Ky., after Week 1 of the
series. “Just as importantly, ’'m getting a lot out of it!”

2020 has been a transformational year for AAEP’s educa-
tional offerings. In addition to hosting its first live virtual
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Week 3: Internal Medicine Meets Sports Medicine:
Working Together 1o Manage the Equine Athlete, Part 1

event, in April the association launched the AAEP
Anywhere online learning platform (at aaepanywhere.org)
through which members can pick up an hour or two of
complimentary CE toward license renewal.

“While in-person learning remains an important
component of our educational offerings, ramping up our
digital education presence is essential to providing
members with as much flexibility and choice to acquire
relevant CE in multiple formats and on their schedule,”
said AAEP Director of Education Karen Pautz.

The AAEP thanks Boebringer Ingelbeim, Equithrive,
Hallmarq and PulseVet for their sponsorship of the Virtual
CE Summer Series.

& TRADE SHOW

S

Complete your CE needs for 2020 during the AAEP Virtual Conventio‘n &
Trade Show! The educational program and event schedule, featuring
both live and on-demand sessions, will be announced in September.

Visit aaep.org/meetings for updates!

Coming this December
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My Vet Rocks honors members’ practice excellence

AAEP’s 66th Annual Convention.

Dr. Kate Hodson

Dr. Jonathan
Yardley

Dr. Bob Meyer

Win: Dr. Jonathan Yardley, associate professor-clinical in
Equine Community Practice, The Ohio State University
College of Veterinary Medicine, Columbus, Ohio

Place: Dr. Kate Hodson, owner, Hodson Veterinary Services
LLC, Hebron, Ind.

Show: Dr. Bob Meyer, co-owner, Neuse River Equine
Hospital, Wendell, N.C.

Patience, stall-side manner and commitment to client
education were common themes among the nomination
letters received in support of Dr. Yardley. According to
nominator Mindy Ridgeway, “Not only is he a compassion-
ate and talented veterinarian, he is also a brilliant educator.
... As an owner, it is such a valuable learning experience and
he never misses an opportunity to educate as he rounds in
the hospital and in the field. He is realistic, yet optimistic as
he helps me achieve optimal health and long-term soundness
for my horse.”

Dr. Yardley manages the university’s general equine
veterinary practice, where he provides a broad range of
clinical care while also educating fourth-year veterinary
students and interns.

“Sometimes, veterinary medicine can be a thankless job but
it’s a great feeling to know that what you’re doing for clients
and their animals is being received positively,” said Dr.
Yardley, who received his veterinary degree from Tufts
University in 2006. “It gives me motivation to keep doing
what I'm doing and to continue to practice the way I'm
practicing. It’s pretty cool.”

Six AAEP members providing exemplary care to clients and their horses have been announced as
the June and July honorees in the AAEP’s My Vet Rocks Contest, which celebrates the important
relationship between veterinarian, owner and horse. Veterinarians are nominated by their horse-
owning clients, and each month’s overall winner receives a prize package from the AAEP and
contest sponsor American Regent Animal Health. In addition, the monthly winners are eligible to
win the contest’s grand prize, which will be announced later this year in conjunction with the

July Honorees

Dr. Aimee

Eggleston Abernathy Young

Win: Dr. Aimee Eggleston, owner, Eggleston Equine LLC,
Woodstock, Conn.

Place: Dr. Kim Abernathy Young, owner, Kentucky Lake
Equine Hospital, Benton, Ky.

Show: Dr. Emilie Setlakwe, associate, Tryon Equine
Hospital, Columbus, N.C.

Her nominators lauded Dr. Eggleston’s responsiveness, atten-
tiveness and compassion. According to nominator Rachael
Maginess, “Her ability to explain a situation to an owner is
perhaps one of her greatest strengths. ... She has spent hours
on the phone with me over the years discussing treatment
options, the side effects of surgeries, medications and has
never rushed me off the phone or dismissed a question or
concern that I had about either of my horses.”

Dr. Eggleston received her veterinary degree in 2000 from
Tufts University. In 2005, she and husband Tim
established her solo ambulatory practice, which serves
horse owners throughout Connecticut, Massachusetts and
Rhode Island.

“We’ve definitely tailored the practice to the idea that our
patients and clients are family to us,” she said. “It’s very
meaningful to help influence the health and care of our
clients’ horses, and their awareness and appreciation of the
business model I've worked 20 years for provides a sense of
accomplishment.”
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Benefit: Keep up with AAEP and The Foundation
with the Publications App

Like its name suggests, the AAEP Publications App is your digital source for the
association’s catalog of publications, including Equine Veterinary Education, Annual
Convention Proceedings, annual report, Spur, white papers and guidelines. You’ll
also find COVID-19 resources as well as The Foundation for the Horse annual
report and newsletter on the free app.

Digital editions of AAEP’s publications are generally available on the app prior to
their print counterparts dropping in the mail.

Besides the library of publications, the app also features a “Member Lookup” button
through which you can acquire contact information via a quick and simple search
by name of the membership database. What previously required thumbing through
250+ pages of member listings in the discontinued membership directory can be
accomplished in seconds from anywhere with Internet access.

Download the app at no charge by searching “AAEP Publications™ at the App Store
or Google Play.

Members in the news

June.

My Life,” at https:/tinyurl.com/aavpmah.

Dr. Ashley Steuer

MEMBERSHIP

Dr. Ashley Steuer named outstanding graduate student

Dr. Ashley Steuer, Zoetis Resident in Veterinary Parasitology at the University of Kentucky Gluck
Equine Research Center, was named the 2020 AAVP/Merck Animal Health Outstanding Graduate
Student during the American Association of Veterinary Parasitologists yearly scientific conference in

Student member Megan Fahey recognized for research

wi! Sprint LTE

10:15 AM

75% .

Tap above to open
latest edition

Dr. Steuer received her veterinary degree in 2016 from the University of Tennessee. Watch her virtual
conference presentation, entitled “Cyathostomins: Their Interaction with the Equine Host and with

Megan Fahey, a DVM and Ph.D. degree student at Cornell University College of Veterinary Medicine,

Veterinary Summer Scholars Program in early August.

Research Fellow.

4

Dr. Michael
Mienaltowski

Dr. Canaan
Whitfield-Cargile

received the 2020 Boehringer Ingelheim Veterinary Research Scholar Award during the virtual

Fahey’s work in the scholars’ program has explored use of mesenchymal stem cells to prevent or
reduce degeneration in intervertebral disc disease. She is committed to a career as a veterinary clinician
scientist, and her research interests focus on zoonotic disease, virology and immunology.

Drs. Mienaltowski, Whitfield-Cargile appointed to Morris Animal Foundation board
Dr. Michael Mienaltowski and Dr. Canaan Whitfield-Cargile have been appointed to the Morris
Animal Foundation’s Large Animal Scientific Advisory Board, which provides objective review from
experts in the field to ensure the Foundation supports the highest quality research.

Dr. Mienaltowski is an associate professor of applied physiology at the University
of California, Davis Department of Animal Science. He received his veterinary
degree from Michigan State University in 2004.

Dr. Whitfield-Cargile, who received his veterinary degree from the University of
Georgia in 2006, is an assistant professor or large animal surgery at Texas A&M
University and the 2016 recipient of the AAEP Foundation Past Presidents’
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Equine Welfare Data Collective releases second report

Following release last fall of its inaugural report that analyzed equine welfare
data for the first half of 2018, the Equine Welfare Data Collective (EWDC),
whose funding partners include The Foundation for the Horse, has released its
second report analyzing similar data for July-December 2018.

Data collected across the two reports captures 32.86% of the total population
of 501(c)(3) and municipal organizations within the United States and Puerto
Rico that take custody of at-risk equines. The data analysis is reported on a
national and regional level. Respondents varied widely, from small capacity
organizations capable of caring for fewer than 10 equines at any one time, to
larger organizations with capacity for over 100 equines.

The robust sample size of the second report allowed for national estimates of
the maximum number of at-risk equines the total population of equine welfare

organizations is able to care for at any one point in time. The estimated total 3 E
maximum capacity of the entire population of organizations that take custody T il Y
of equines in the United States and Puerto Rico at any one time is 47,194
equines (95% CI, Std. Err. 4,664, lower 95% 38,017, upper 56,370,

I\

accounting for outliers).

“With the coming of this second report, we can truly start to have a better understanding of where we stand as a nation
when it comes to the welfare of the equines in our care by supplying factual data and analysis—not just anecdotal
opinions. This report is the continuation of a baseline of incredibly crucial information that we can build upon and
expand as more data is contributed to the survey,” said Ashley Harkins, program director of the United Horse
Coalition.

View EWDC reports or contribute data for the current collection period at unitedhorsecoalition.org/ewdc. It is critical
to continue tracking data related to at-risk equines and identify trends, especially so during the current extraordinary
times.

INDUSTRY

AAEP Media Partner Profile: The Horse: Your Guide to Equine Health Care

The Horse provides hands-on participants in the horse industry with

th e accurate, up-to-date horse health information. AAEP members, both on
our editorial advisory board and beyond, are trusted sources and respected
reviewers of our world-class content. We consistently reinforce the value of

YOUR GUIDE TO EQUINE HEALTH CARE N A . .. B .

working with equine practitioners to provide optimal care.

Accurate and effective communication is key to every veterinarian-client-patient relationship, and The Horse provides

easy-to-use tools for educating your clients, such as Fact Sheets and Special Reports. You may print TheHorse.com

articles one-off and hand them to clients, or you may link to tools and articles in your practice newsletters with proper
attribution to The Horse.com. Custom solutions for branding your practice are also available.

To find out more about these custom tools, contact vbennett@TheHorse.com. We also offer a special The Horse
magazine gift subscription discount to AAEP members.
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Highlights of recent clinically relevant papers

Strangles

This refrospective study by Andy Durham and Jeremy Kemp-
Symonds investigated the sensifivity of serological testing for
antibodies against Streptococcus equi subspecies equi
antigens A and C to detect guttural pouch carriers.

Refrospective data from 287 horses arriving at a welfare
charity quarantine unit that underwent microbiological
sampling of guttural pouches and serological testing were
reviewed. In total, nine (3.1%) horses were found to be
guttural pouch carriers on microbiology and 35 (12.2%) horses
were seropositive (had at least one ELISA OD value >0.5). Of
the 35 seropositive horses, one (2.9%) had evidence of S. equi
in a guttural pouch lavage. Of the 252 horses with OD
values <0.5, eight (3.2%) had evidence of S. equi in guttural
pouch samples. One (11%) of the nine horses found to be
guttural pouch carriers was seropositive af a cut-off of
OD >0.5, but lowering the cut-off to OD >0.3 identified two
additional guttural pouch carriers.

There was no association between serological status and
guttural pouch carriage of S. equi. Therefore seronegativity to
antigens A and C should not be relied upon when
determining if a horse is a chronic carrier of S. equi.

Facial nerve paralysis

In this study Sophie Boorman and colleagues in the USA
investigated the causes of facial nerve paralysis (FNP) and
associations among clinical variables, diagnosis and
oufcome.

Medical records were retrospectively reviewed and 64
equids presenting with FNP were identified. Cases of post-
anaesthetic FNP were excluded. Variables were evaluated
for associations with outcomes (diagnosis and case oufcome)
using logistic regression.

The most common cause of FNP was frauma (n = 20).
Additional diagnoses included central nervous system (CNS)
disease (n = 16), idiopathic (n = 12, 4 of which had adequate

diagnostic  investigation and were considered  ‘true’
idiopathic, and 8 were considered ‘not investigated’
idiopathic), temporohyoid osteoarthropathy (n = 10), ofitis
media-interna (n = 3), lymphoma (n = 1), iatrogenic as a
consequence of infilfration of local anaesthetic (n = 1), and
clostridial myositis (n = 1). Follow-up was available for 55 (86%)

cases. Twenty-nine (53%) equids had full resolution of FNP, 14
(25%) were euthanised, 6 (11%) partially improved, and 6
(11%) were unchanged or worse.

The authors concluded that if FNP is the consequence of
CNS disease, successful treatment of the primary disease
likely leads to resolution of FNP. Most cases of FNP in equids
are traumatic in origin. True idiopathic cases are uncommon.

Subchondral lucencies of the proximail tibia

In this retrospective study Elizabeth Santschi and colleagues in
the USA and Australia described subchondral lucencies (SCL)
in the equine proximal tibia, several freatment options, and
clinical outcomes.

Seventeen horses with proximal tibial SCL were identified
from a review of medical records and radiographs. Follow-up
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was obtained via examination and radiography when
possible and by telephone and race records when required.
The median duration of follow-up was 20 months (range, 0-
48). Proximal fibial SCL were associated with lameness in 14 of
17 horses. Subchondral lucencies were primary in 11 horses
and secondary fo an ipsilateral medial femoral condyle SCL
in six horses. One foal with a primary SCL was euthanised due
to osteomyelitis. Six horses <1 year old with primary SCL were
managed with exercise restrictions only; SCL in three horses
without lameness decreased in size, whereas three horses
with lameness did not improve. One young horse freated with
surgical debridement did not improve and was euthanised.
Lameness resolved in three horses with primary fibial SCL
freated with screw fixation. Screw fixation of secondary SCL in
five horses led to a reduction in SCL size and degree of
lameness.

Primary tibial SCL healed with rest in three non-lame
young horses with small SCL, but was not successful in lame
horses with larger SCL. Radiographic size and associated
lameness improved or resolved with screw fixation in primary
and secondary proximal fibial SCL.

Health of competition horses

This study by Marie Dittmann and colleagues in Switzerland
assessed husbandry, use, and orthopaedic health in Swiss
riding horses and compared these aspects between horses
owned by self-identified competitive riders (CR) and leisure
riders (LR) in Switzerland.

An online survey was completed by 237 owners providing
information on their athletic ambitions, their horse’s
husbandry, health, fraining, and tack. Two experienced
veterinarians assessed gait iregularities, muscular
development, and back pain in the horses and evaluated
saddle fit. Compared with horses owned by competitive
riders (CH), a higher proportion of horses kept by leisure riders
(LH) were kept unshod, under more natural conditions, and
turned out with other horses. LH were exercised less
frequently, and LR frained less frequently with instructors. CR
reported less time since the last saddle check and the use of
more fraining aids during riding. No differences between the
two groups could be found in orthopaedic health, muscular
development, or back pain, but LH had higher body
condition scores and a slightly higher proportion of saddles
with at least one fit problem. The data from this study
revealed no increased prevalence of the assessed health
problems in competition horses compared with leisure horses
in Switzerland. However, suboptimal saddle fit and muscular
development, back pain, and gait iregularity are frequent in
both groups and deserve more attention.

Bisphosphonate treatment for lameness

In this knowledge summary, Hannah Greene from Washington
State University, USA, considered the PICO question “In horses
that are lame due to osteoarthritis of the distal tarsal joints
(bone spavin), is infra-arficular medication with corficosteroids
compared to systemic bisphosphonate treatment more
effective in long-ferm lameness reduction?”.
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Three papers were critically reviewed; two were
randomised confrolled frials, and one was a refrospective
study. Insufficient evidence was found fo support the use of
systemic bisphosphonates over intra-articular corticosteroids
to freat distal hock osteoarthritis in horses.

The author concluded that horses with distal hock
osteoarthritis  should not be freated with systemic
bisphosphonates until further blinded randomised controlled
trials are completed. Supportive evidence for the use of intra-
articular corticosteroids as a treatment for degenerative hock
osteoarthritis was limited to a retrospective study where
modest, short-term improvements were reported: 58% of horses
improved after an average of 56 days. In the randomised
contfrolled trials evidence did not support significant
improvement in long-ferm outcomes: 50% of horses improved
after 4 months in one study and only 38% of horses improved
after a mean follow-up period of 787 days in the other study.

The application of evidence into practice should take into
account  multiple factors, including individual clinical
expertise, patient’s circumstances and owners' values,
country, location or clinic, the individual case, and the
availability of therapies and resources.

Arthroscopy of the stifle

This cadaver and clinical study by Henry O’Neill and Bruce
Bladon described and evaluated a novel arthroscopic
approach to the caudal pouches of the lateral femorotibial
joint as current approaches are considered challenging and
risk iatrogenic nerve and carfilage damage.

The surgical technique was developed inifially using 19
cadaver limbs positioned to simulate dorsal recumbency and
with the stifle held in 90-degree flexion. A portal was made
immediately cranial to the lateral collateral ligament and the
arthroscope advanced along the popliteal tunnel of the
femorotibial joint in a cranial fo caudal direction.

Following the cadaver study, 33 horses underwent
inspection of 38 caudal lateral femorotibial joints using the
alternative technique as part of roufine joint inspection. Entry
and examination of both pouches of the caudal lateral
femorotibial joint were consistently achieved in both the
cadaver and clinical limbs, with no infra- or post-operative
complications in the latter.

Foot pain in Warmblood horses

In this study, Santiago Gutierrez-Nibeyro and colleagues in the
USA and Argentina determined the spectrum of foot lesions
detected by magnetic resonance imaging (MRI) in
Warmblood horses used for dressage, jumping and eventing.
Data including signalment, occupation, lameness,
diagnostic analgesia, imaging results, tfreatments, and follow-
up assessments were obtained from the medical records of 550
Warmblood horses with foot pain that had been scanned
using standing MRI. Associations between standing MRI lesions
and chronic lameness following tfreatment were tested.
Abnormalities of the navicular bone (409 horses, 74%), distal
interphalangeal joint (362 horses, 65%), and deep digital flexor
(DDF) tendon (260 horses, 47%) occurred most frequently.
Abnormalities significantly associated with chronic lameness
following conservative therapy were moderate to severe MRI
lesions in the frabecular bone of the navicular bone, mild or
severe erosions of the flexor surface of the navicular bone,

451
moderate sagittal/parasagittal DDF tendinopathies, and
moderate collateral sesamoidean desmopathies.  Also,

idenfification of concurrent lesions of the DDF tendon,
navicular bone, navicular bursa, and distal sesamoidean impar
ligament was associated with chronic lameness after
conservative  therapy. The authors concluded that
development of effective treatment options for foot lesions
that respond poorly to conservative therapy is necessary.

Equine proliferative enteropathy

This study by Nicola Pusterla and colleagues in the USA
aimed to determine whether serum amyloid A (SAA), a major
acute-phase protein, could help support the diagnosis of
equine proliferative enteropathy (EPE) caused by Lawsonia
intracellularis infection in foals.

Archived serum samples from 101 foals with enteric signs
and hypoproteinaemia were available for SAA testing. The
foals were divided info EPE-suspect (n=67) and non-EPE-
suspect cases (n=34) based on immunodiagnostics for
L. intracellularis. Serum amyloid A values ranged from 0 to
2761 pg/mL (median 466 ng/mL) for the EPE-suspect cases and
0-2555 pg/mL (median 192 pg/mL) for the non-EPE-suspect
cases. Although SAA can be measured patient-side and help
determine the severity of the underlying inflammatory
condition, SAA was unable to consistently support the
diagnosis of EPE in hypoproteinaemic foals with entferic signs.

S. WRIGHT
EVE Editorial Office
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Editorial
Equine medicine special issue

This month we are publishing another online collection of
Original Articles focussing on equine medicine. The collection
covers a diverse range of important and clinically relevant
fopics, including oncology, gasfroentferology, neurology and
behaviour. The series adds to the previously published
collection of articles on orthopaedics and lameness.

Sarcoids are the commonest neoplasm seen in horses, but
have unique problems in terms of their freatment. Numerous
different ‘home remedies’ are used by horse owners, often
perpetuated by social media. Herbal preparations containing
exfracts of bloodroot (Sanguinaria canadensis) are easy and
convenient to use, and there have been many anecdotal
claims of success of using such preparations for freating
sarcoids. However, most preparations contain  other
components, including caustic zinc salfs. The concentration
of zinc chloride in three commercially available bloodroot
preparations was evaluated in the study by Ramey and
Poppenga (2020). The studied products contained between
11.6% and 25% ZnCl, Radiotherapy is considered by many to
be the ‘gold standard’ treatment for sarcoids, and strontium
plesiotherapy can be particularly useful in cases where
sarcoids are located in areas that are difficult to access using
other therapies. The outcome of this type of radiotherapy for
the treatment of sarcoids in eight horses was reviewed by
Hollis (2020). Complete resolution occurred in all eight cases,
with no significant short or long-term adverse effects, apart
from local leucotrichia, leukoderma and hair loss.

Gastroscopic examination of the stomach is commonly
performed in equine practice to diagnose equine gastric
ulcer syndrome (EGUS). Although it is a routine procedure, it is
invasive and carries a small risk of complications. The two
studies by Spanton ef al. (2020a and b) addressed these
issues through a clinical audit of colic in the 48 h following
gastroscopy and a study of serum amyloid A concentrations
in horses with gastroscopy-confirmed EGUS. In short, colic
occurred in 2.9% of 573 gastroscopies, most commonly in
horses affected by gastric impaction. No association was
found between SAA concenfrations and the presence or
degree of squamous or glandular EGUS.

A number of studies have been published in recent years
on the topic of pain assessment in horses, including the
development of pain scales for use in horses with colic. A
modified equine composite pain scale (CPS) is described by
Lawson ef al. (2020). A significant correlation was identified
between the CPS score and serum concentration of cortisol
in medical and surgical colic cases (n=49), thereby
providing physiological validation of pain scores as a marker
of underlying stress in horses with colic. Of course, colic can
have numerous different causes, and diet is often considered
to be one of the risk factors that may play a role in the
pathophysiology of intestinal pain. Troya et al. (2020)
performed a prospective observational study to determine
whether the inclusion of germinated barley as a supplement
decreased the incidence of colic in a population of horses.
Sprouted cereals have improved digestibility and contain
oligosaccharides that may act as prebiotics improving and
stabilising the infestinal flora. It was concluded that
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supplementation with germinated barley might decrease the
appearance of colic in stabled horses; however, further
studies are required fo substantiate these findings and to
identify  the potentially beneficial substances in the
supplement.

Equine coronavirus (ECoV) is an emerging enteric virus
with reported morbidity rates ranging from 10 to 83% and
fatality rates ranging from 7 to 27% in adult horses. The study
by Prutton et al. (2020) investigated the safety, humoral
response and viral shedding in horses inoculated with a
commercially available modified-live bovine coronavirus
(BCoV) vaccine. The results showed that the modified-live
BCoV vaccine was safe to administer, caused minimal
virus shedding and resulfed in detectable antibodies to BCoV
in 27% of the vaccinates.

With the widespread development of anthelmintic
resistance in  several parasite species in many horse
populations around the world, the selective and targeted use
of anthelmintics is ever more important in order to reduce the
selection pressure leading to the development of resistance.
The study by Ramey and Nielsen (2020) aimed to document
the strongylid infection status of stabled horses residing in an
arid environment with limited access to pasture. They
concluded that in horses living in dry, arid conditions, with
little or no access to pasture, frequent deworming for

stfrongylid parasites is less necessary than in  other
environments.

Equine multinodular pulmonary fibrosis (EMPF) is an
uncommon, but well-recognised pulmonary disease, for

which there is currently limited information about long-ferm
outcomes. Easton-Jones et al. (2020) describe the signalment,
clinicopathological data, radiographic and ultrasonographic
findings, clinical outcomes and pathological lesions
associated with EMPF in 14 horses. The disease had a poor
prognosis for survival, with horses frequently displaying severe
radiographic and histopathological changes at the time of
diagnosis. Treatment with systemic corticosteroids reduced
the odds of short-term mortality. Cytological evaluation of
bronchoalveolar lavage (BAL) samples can be valuable in
the diagnosis of lower respiratory fract diseases. The
objectives of the study by Hansen et al. (2020) were to
evaluate the reliability of two different staining methods for
the evaluation of mast cells in BAL fluid samples from 78
horses and the reliability of differential cell count using both
staining methods. The results suggest that staining with both
the May-Grinwald-Giemsa (MGG) and toluidine blue (TB)
methods is appropriate and that toluidine blue should be
used for the enumeration of mast cells.

Sedation facilitates the ocular examination in horses.
Alpha,-adrenoceptor agonists are commonly used in equine
practice; however, litfle is known about the effects of a,-
adrenoceptor agonists on equine Schirmer fear test | (STT )
values. The aim of the study by Leonardi et al. (2020) was to
assess the effects of ap,-adrenoceptor agonists on the STT |
values in horses. They found that that the administration of
xylazine or detomidine alone or combined with butorphanol
is associated with significant changes in aqueous fear
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production, whereas romifidine does not affect the STT |
values.

Head-shaking can be a difficult and frustrating condifion
to investigate and treat. Thomson et al. (2020) report the
clinical findings of six horses referred for investigation of head-
shaking associated with musculoskeletal pain and compared
these to those of trigeminal-mediated head-shaking. None of
them displayed excessive sneezing or snorting, or rubbing
and/or striking at the nose with the forelimbs. It was
concluded that headtossing during ridden exercise can be
associated with musculoskeletal pain, and it is important to
recognise this and fo differentiate it from trigeminal-mediated
head-shaking.

The infraorbital nerve block is most commonly used to
desensitise the maxillary teeth for dental procedures. Weber
et al. (2020) investigated the distribution pattern of two
different volumes of a mepivacaine 2%/iopromide mixture
along the infraorbital nerve using a controlled injection
pressure. They found that blocks using 10 and 15 mL result in
complete filing of the infraorbital canal in the majority of
horses and may therefore result in sufficient analgesia of
Triadans 06 to 11 and offer a suitable safe alternative to
maxillary nerve blocks.

Carroll et al. (2020) report the results of a survey of the
prevalence and treatment options for stereotypic behaviours
and undesirable behaviours associated with handling and
riding. An online survey was completed by 943 horse industry
participants  from 31 countries. The results suggest that
undesirable behaviours are common. Agenfs with a
nonspecific sedating effect were the most common agents
suggested by veterinarians and used by horse owners for
attempted management.

Reed et al. (2020) carried out a survey to collect
information regarding the use and perceived health of
Thoroughbreds refired from racing. A 31-question survey on
use, health and behaviour was made available to owners of
Thoroughbred horses who had retired from racing.
Thoroughbreds retired from racing were more likely to suffer
from musculoskeletal injuries, gastrointestinal, behavioural and
foot/hoof issues than controls. Horses with >51 lifetime starts
were more likely to experience gastrointestinal disease in the
first year after retirement from racing.

‘Herbal’ preparations for equine dermail
neoplasms contain large amounts of zinc
chloride

Ramey and Poppenga (2020)

This original study was performed to investigate the levels
of zinc chloride (ZnCl,) in ‘herbal black salve' preparations,
purportedly containing an active ingredient of bloodroof,
sometimes used to treat equine dermal neoplasms. Three
samples of different ‘bloodroot’ preparations were tested.
Zinc and other elements were measured by inductively
coupled plasma atomic emission spectroscopy (ICP-AES). The
chloride in the samples was partitioned info an aqueous
solution and measured by ion chromatography (IC). The
studied products contained between 11.6% and 25% ZnCl,.
Veterinarians should be aware that ‘herbal’ or ‘black salve’
preparations intended for the freatment of equine cutaneous
neoplasms may contain significant amounts of zinc chloride
(ZnCl,), a caustic, corrosive chemical. Equine practitioners
should also be aware that various international government
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agencies have warned against the use of black salve
products in human cancer therapy.

Strontium plesiotherapy for the treatment of
sarcoids in the horse

Hollis (2020)

Sarcoids are a common condition in the horse. They are
often difficult to freat, and there is no universally effective
freatment method. Radiotherapy is the most consistently
successful freatment, and plesiotherapy may be effective for
carefully selected sarcoid lesions. The objective of this
refrospective clinical case series was to describe the response
rate and safety of strontium plesiotherapy for the freatment of
equine sarcoids. Horses and ponies referred for strontium
treatment of sarcoids were eligible for inclusion in the study,
and diagnosis was based solely on the clinical features. Horses
were given a fofal tumour dose of 100 Gy under either
standing sedation or general anaesthesia, depending on the
accessibility of the lesion. Eight horses with 10 sarcoids were
treated with strontium plesiotherapy. Follow-up was available
for between 6 and 30 months after treatment. Complete
resolution occurred in all cases. No significant short- or long-
term adverse effects were noted apart from local leucotrichia,
leukoderma and hair loss. The maijor limitations of this study are
the lack of long-term follow-up and the small number of horses.
It was concluded that strontium plesiotherapy appears to be
an effective and safe method of treating selected equine
sarcoids. This is a useful alternative for lesions in areas difficult fo
freat with other methods or where other methods have been
unsuccessful. Longer term follow-up is required to determine
the risk of recurrence of freated lesions.

A clinical audit of the prevalence of colic in the
48 h after gastroscopy in 436 horses

Spanton et al. (2020a)

Gastroscopy is a routine technique performed in equine
practice to evaluate the stomach and is the gold standard
diagnostic test for equine gastric ulcer syndrome (EGUS). There
are few publications on the safety of the technique and any
associated complications, in particular colic. The objective of
the study was to review all gastroscopic examinations
performed at two equine clinics over a 5-year period and to
describe any colic episodes in the 48 h post gastroscopy. In this
clinical audit, hospital databases were searched for animals
that had a gastroscopic examination in the 5-year study period.
Signalment, sedative drugs, stomach insufflation/deflation,
gastroscopic findings, occurrence of colic in the 48 h post
examination and any medication administered during that time
were recorded. A ftofal of 436 horses underwent 573
gastroscopic  examinations during the study period. Post
gastroscopy colic was recorded in 17/573 examinations (2.9%);
16 were mild, but one (0.2%) required exploratory laparotomy.
Cases of gastric impaction were more commonly associated
with colic post gastroscopy. When examinations of horses with
gastric impaction were excluded, the prevalence of colic post
gastroscopy was 5/561 (0.9%). A limitation of the study was that
variability in technique was likely, due to multiple different
clinicians performing gastroscopic examinations. A study with a
larger sample size is required to confirm the findings of this audit.
Gastroscopy is a relatively safe procedure but there is a smalll
risk of colic afterwards.
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Is Serum Amyloid A elevated in horses with
equine gastric ulcer syndrome?

Spanton ef al. (2020b)

Serum amyloid A (SAA) is an acute-phase profein.
Increased concentrations are seen in  response to
inflammatory stimuli. Equine gastric ulcer syndrome (EGUS) is
a common condition in the horse and has an inflammatory
component, but there are few studies assessing SAA
concentrations in horses with EGUS. The objective of this
prospective cohort study was to assay SAA in horses
presented for gastroscopy with suspected EGUS over a 2-year
period and to establish whether significant elevations in SAA
concentration occur with any form of EGUS. Horses presented
for gastroscopy for suspected EGUS had blood collected for
SAA evaluation at the time of i.v. sedative administration. Two
experienced clinicians reviewed the gasfroscopic
examinations and classified lesions according to the ECEIM
EGUS consensus statement (2015). A total of 94 horses had
114 gastroscopic  examinations. Twenty-three horses were
negative for EGUS, 25 had glandular EGUS, 38 had squamous
EGUS, and 28 had both squamous and glandular EGUS. Four
horses had SAA concentration >10 mg/L (range 11.4-104.7);
one had mild multifocal pyloric ulceration, one had mild
multifocal pyloric  ulceration and grade 2 squamous
ulceration, one had moderate multifocal pyloric ulceration
and grade 1 squamous ulceratfion, and one had no
ulceration. A limitation was that low sample numbers
compromised the power of the study. It was concluded that
no association was found between SAA concentrations and
the presence or degree of squamous or glandular EGUS.

Application of an equine composite pain scale
and its association with plasma
adrenocorticotropic hormone concenirations
and serum cortisol concentrations in horses with
colic

Lawson et al. (2020)

This study assessed the application of a modified equine
composite pain scale (CPS) and identified the interobserver
reliability.  Associations between CPS scores and the
measured concentrations of serum corfisol ([cortisol]) and
plasma adrenocorticofropic hormone ([ACTH]) in horses
presenting with colic were determined. The study design was
prospective, uni-centred and observational. The interobserver
reliability of the adapted CPS was determined for 59 horses
hospitalised for a variety of conditions. The associations
between CPS, ACTH and cortisol were assessed in a further 49
horses admitted for medical or surgical colic. During
hospitalisation, blood samples were obtained each morning
and analysed for serum [cortisol] and plasma [ACTH]. Horses
were pain scored using the adapted CPS score. Data from
the most painful time point (n = 48 horses; n = 48 [cortisol];
n =44 [ACTH]) and all data time points (n = 49 horses and
n =133 time poinfs) were used for analysis of association
between [cortisol], [ACTH] and CPS score. The CPS score
interobserver reliability was excellent (n = 59 horses; n = 102
pain scores; weighted kappa 0.863). CPS score and [cortisol]
were positively associated at the most painful time point
(P<0.001) and at all data time points (P <0.001). No
significant association was found between CPS score and
[ACTH]. [ACTH] was associated with [cortisol] (P = 0.034)
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when all fime points were analysed but not when only the
most painful point was analysed. The significant correlation
identified between CPS score and [cortisol] in medical and
surgical colic cases provides physiological validation of pain
scores as a marker of underlying stress in horses with colic.

Comparison of the colic incidence in a horse
population with or without inclusion of
germinated barley in the diet

Troya et al. (2020)

Sprouted cereals have a better digestibility and contain
oligosaccharides that act as prebiotics improving and stabilising
the intestinal flora. Supplementation with germinated malted
barley could help to prevent the occurrence of colic in horses.
The objective of this study was to determine whether the
inclusion of germinated barley as a supplement decreased the
incidence of colic in a population of horses. An observational
prospective study was designed to record the colic incidence
of an equestrian cenfre horse population in Madrid (Spain).
Data were collected during two 21-month periods, only
including horses that were maintained at the cenfre for the
whole time. Age, sex, housing and colic events were recorded
during Period 1 (control period) and Period 2 (with germinated
barley supplementation, Equinocol®). Sixty-three horses were
included in the study of which 43 were stabled 12 h/day (Group
A) and 20 that lived at pasture all-day long (Group B). Colic
incidence of the total population, Group A and group B during
Period 1 was 18.1, 23.9 and 5.7 cases/100 horses at risk-year,
respectively. With the inclusion of germinated barley, there was
a significant decrease in the colic events in the ftotal population
(5.4 cases/100 horses af risk-year) and group A (5.3 cases/100
horses af risk-year). It was concluded that supplementation with
germinated barley might decrease the appearance of colic in
stabled horses. Further investigation is warranted to identify the
potentially beneficial substances and the repeatability of the
results.

Evaluation of safety, humoral immune response
and faecal shedding in horses inoculated with a
modified-live bovine coronavirus vaccination

Prutton et al. (2020)

Equine coronavirus (ECoV) is considered an emerging
enteric virus with reported morbidity rates ranging from 10 to
83% and fatality rates ranging from 7 to 27% in adult horses; a
vaccine for ECoV is cumrently not available. This study
investigated the safety, humoral response and viral shedding
in horses inoculated with a commercially available modified-
live bovine coronavirus (BCoV) vaccine. Twelve healthy adult
horses were vaccinated twice, 3 weeks apart, either orally,
intranasally or intrarectally. Two healthy unvaccinated horses
served as sentinel controls. Following each vaccine
administration, horses were monitored daily for physical
abnormalities, whilst the onset and duration of BCoV
shedding were defermined by quantitative PCR (gPCR) in
nasal secretions and faeces. Whole blood was collected
every 3 weeks to determine BCoV-specific antibody
response. With the exception of transient and self-limiting
changes in faecal character observed in seven vaccinated
and one control horse, no additional abnormal clinical
findings were found in the study horses. Following the first and
second vaccine administration, two and one horse,
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respectively, tested qPCR-positive for BCoV in nasal secretions
1 day post intfranasal vaccination. No vaccinated horses
tested gPCR-positive for BCoV in faeces following each
vaccine administration. One of the two horses that shed
BCoV seroconverted to BCoV affer the first vaccine
administration and an additional two vaccinated horses (oral
and infrarectal) seroconverted to BCoV after the second
vaccine administration. In conclusion, the results show that
the modified-live BCoV is safe to administer to horses via
various routfes, causes minimal virus shedding and results
in detectable antibodies to BCoV in 27% of the vaccinates.

Limited strongyle parasite occurrence in horses
kept in an arid environment

Ramey and Nielsen (2020)

The objective of this study was fo document the strongylid
infection status of stabled horses residing in an arid
environment with limited access to pasture. Faecal parasite
examinations were conducted in a private equine practice in
Southern California over a period of 7 years, from 2012 to
2018, from a variety of horses in seven different locations; not
all horses living at these locations were studied. Results of alll
faecal examinations were obtained and tabulated, as fo
both total number of horses examined, as well as individual
animals followed with at least four consecutive bi-annual
faecal examinations over a 2-year period. A fotal of 851
faecal tests on 79 individual horses were performed during
the 7-year study period, and 78 (9%) were strongyle positive.
By the end of the study period, during which horses were
monitored and freated according fo faecal flotatfion tests,
97% of 117 faecal flotation fests were negative for strongyle
parasites. In conclusion, in a population of 79 adult horses
living in dry, arid conditions, with little or no access to pasture,
frequent deworming for strongylid parasites would appear to
be less necessary than in other environments. Regular faecal
monitoring of horses in such conditions is appropriate for
determining the necessary level of anthelmintic intervention.

Prognostic indicators and long-term survival in 14
horses with equine multinodular pulmonary
fibrosis

Easton-Jones et al. (2020)

There is limited information on long-term follow-up and
prognostic indicators for horses diagnosed with equine
multinodular pulmonary fibrosis (EMPF). The objectives of this
study were to describe the signalment, clinicopathological
data, radiographic and ultrasonographic findings, equine
herpesvirus-5 viral loads, clinical outcomes and pathologic
lesions associated with EMPF. Medical records from 2008 to
2016 were reviewed for this retrospective case series of 14
horses diagnosed with equine mulfinodular pulmonary fibrosis
on lung histopathology. Independent variables associated
with survival to hospital discharge (short-term survival) were
defermined using chi-square or Fisher's exact test. Odds ratios
and 95% confidence infervals were calculated when
applicable. Short-term survival was 57%, with only 14% of
cases surviving longer than é months after discharge. The
odds of short-term survival were higher in horses administered
corticosteroids (OR = 0.029, 95% Cl 0.002-0.615; P = 0.026).
Severity of thoracic radiographic changes and equine
herpesvirus-5 viral loads measured by quantitative PCR in the
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lung on presentafion was not associated with survival time.
Severity of thoracic radiographic changes was also not
correlated with equine herpesvirus-5 viral loads in the lung
ante-mortem. Equine multinodular pulmonary fibrosis has a
poor prognosis for survival, with horses frequently displaying
severe radiographic and histopathological changes at the
time of diagnosis. Treatment with systemic corticosteroids
reduced the odds of short-term mortality.

Reliability of cytological evaluation of mast cells
from bronchoalveolar lavage fluid in horses:
Intraobserver agreement and mast cell
identification

Hansen et al. (2020)

Endoscopy, including bronchoalveolar lavage (BAL) fluid
cytology, is invaluable tools for equine lower airway
diagnostics. Objectives of the study were to evaluate the
reliability of two staining methods, May-Grionwald-Giemsa
(MGG) and toluidine blue (TB), for the evaluation of mast
cells in cytospin smears from BAL fluid samples and the
reliability of a 500-cell differenfial cell count using both
staining methods. Endoscopies and BAL fluid sampling were
performed, and BAL cytology was evaluated from cytospin
smears. BAL cytology slides from 78 horses were evaluated.
Three experienced observers evaluated the BAL cytology
cytospin smears for the mast cell comparison study. The intra-
and interobserver agreements were calculated using
infraclass correlation coefficients (ICC). BAL cytology mast
cell counts were significantly higher with the TB staining
method compared with the MGG staining method. Observer
agreements showed below acceptable agreement between
observers for mast cell counts for both staining methods,
even with fixed coordinates. Based on results from this study,
recommendation for BAL cytology staining would be to use
both the MGG and the TB staining method, relying on the TB
for the enumeration of mast cells.

Effects of infravenous romifidine, detomidine,
detomidine combined with butorphanol and
xylazine on tear production in horses

Leonardi et al. (2020)

Sedation facilitates the ocular examination in horses.
Alpha,-adrenoceptor agonists are commonly used in equine
practice. If the eye is painful, the combination of an oy
adrenoceptor agonist and butorphanol provides a greater
analgesic effect. Unfortunately, little is known about the
effects of a,-adrenoceptor agonists on equine Schirmer tear
test | (STT 1) values. The aim of the study was to assess the
effects of infravenous romifidine, detomidine, detomidine
combined with butorphanol and xylazine on the STT | values
in horses. Forty healthy client-owned Italian saddle horses
were enrolled. Horses received 0.04 mg/kg bwt of romifidine
or 15ug/kg bwt of detomidine or 10 pg/kg bwt of
defomidine combined with 10 ng/kg bwt of butorphanol or
0.7 mg/kg bwt of xylazine intfravenously. The Schirmer tear test
strip was inserted intfo the lateral third side of the inferior
conjunctival  fornix for 1 min in each eye. The STT |
measurements were performed before sedation and at 5, 15,
30, 60, 120 and 180 min after the administration of sedation.
The data were analysed by ANOVA. Romifidine did not
affect the STT | values. Detomidine significantly reduced the
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SITT | values at 15min (18.17 £ 0.97 mm/min). The
combination of detomidine and butorphanol significantly
reduced the STT | values at 30 and 60 min (17.44 + 0.99,
15.81 + 0.99 mm/min). Xylazine significantly increased the STT
| values at 5, 15 and 30 min (25.17 & 0.99, 26.72 4+ 0.99,
28.07 4+ 0.99 mm/min). The STT | values at 180 min were similar
to those before sedation. These results suggest that the
administration of xylazine or detomidine alone or combined
with butorphanol is associated with significant changes in
aqueous tear production, whereas romifidine does not affect
the STT | values. Romifidine is therefore suitable for chemical
restraint to measure tear production in horses.

Head tossing behaviour in six horses: Trigeminal-
mediated head-shaking or musculoskeletal
pain?

Thomson et al. (2020)

The objective of this study was to report the clinical findings
of six horses referred for investigation of head-shaking and to
compare and confrast the findings to those of trigeminal-
mediated head-shaking. The case records of six horses showing
head tossing behaviour (vertical up and down movement of
the head during ridden exercise) that were referred to the
Animal Health Trust were reviewed and a summary of the
clinical findings reported. The history was appraised, including
video footage when available. A comprehensive clinical
examination at rest and exercise, including ridden assessment,
was performed on several occasions over at least 2 days;
diagnostic analgesia and imaging were caried ouf. A
thorough review of the literature on tfrigeminal-mediated
(idiopathic) head-shaking was performed. All horses showed
headtossing behaviour when ridden, and two horses also
tossed their heads on the lunge. All horses had various sources
of musculoskeletal pain. Five horses had abolition of
headtossing behaviour affer diagnostic analgesia resolved
musculoskeletal pain. The remaining horse had significant
improvement in this behaviour. This horse also displayed clinical
signs af rest, and it is likely that there was a component of
frigeminal-mediated  head-shaking.  Many  horses  with
frigeminal-mediated head-shaking show clinical signs both at
rest and when ridden, often with worsening of clinical signs
when ridden. However, all horses in this series showed additional
signs of musculoskeletal pain when ridden compared with in
hand and on the lunge. None of these horses displayed
excessive sneezing or snorting, acting like an insect was flying
up the nostril and rubbing and/or striking at the nose with the
forelimbs which can often be seen in horses with frigeminal-
mediated head-shaking. No horse had a history of seasonality
of clinical signs. It was concluded that it is important for
veterinarians to recognise behavioural signs of pain, such as
headtossing during ridden exercise and to be able to
differentiate this behaviour from trigeminal-mediated head-
shaking.

Ex vivo evaluation of the distribution of a mixture
of mepivacaine 2% and iopromide following
local infiltration of the infraorbital nerve via the
infraorbital foramen

Weber et al. (2020)
The objective of this
distribution  pattern  of

study was to
two different

investigate the
volumes of a
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mepivacaine 2%/iopromide mixture along the infraorbital
nerve using a confrolled injection pressure. Infraorbital nerve
blocks were performed at the infraorbital foramen with two
different volumes (group 10: 10 mL or group 15: 15 mL) using
a 22 gauge, 3 cm long needle and a standardised injection
pressure in 10 cadaver skulls. Ten minutes after injection,
computed tomography was performed in all skulls. Images
were analysed for needle position, length of the iopromide
column, filing percentage of the infraorbital canal, presence
of iopromide at the maxillary foramen, volume of leakage,
length and angle of the infraorbital canal and pathological
changes. Percentage of infraorbital canal filing ranged from
74% + 0.23 to 86.9% + 0.24 and iopromide was present at the
maxillary foramen in 70-90% of the blocks of groups 15 and
10, respectively; neither variables differed significantly
between groups 15 and 10 (P=0.582 and P =0.244
respectively). Mean leakage retrograde into the rostrally
surrounding tissue and into the maxillary sinus was significantly
greater in group 15 (7.9 cm®+ 42) than group 10
(3.02 cm® + 3.13), P =0.008. Older horses were significantly
associated with higher filing percentages (P = 0.049),
whereas filing percentages or whether the mixture reached
the maxillary foramen were not associated with any of the
other variables. Infraorbital nerve blocks using 10 and 15 mL
result in complete filing of the infraorbital canal in the
majority of horses. This block may result in sufficient analgesia
of Triadans 06 fo 11 and offer a suitable safe alternative to
maxillary nerve blocks.

An online survey investigating perceived
prevalence and freatment options for stereotypic
behaviours in horses and undesirable behaviours
associated with handling and riding

Carroll et al. (2020)

In the horse, inappropriate management and fraining, as
well as pain, frustration, fear and anxiety can result in
undesirable behaviours. Common undesirable behaviours
include pawing, striking, rearing, kicking, bolting, bucking,
shying, napping, freezing, biting and bite threats, as well as a
range of oral and locomotive stereotypic behaviours. Many
of these behaviours are dangerous for the human handlers
and can be unhealthy and harmful for the horse; for safety
and welfare reasons, they must be rapidly addressed. An
online survey was completed by 943 horse industry
participants from 31 countries. The survey was conducted to
gain greater insight info the perceived prevalence of
undesirable behaviours in horses; options considered in the
management of horses displaying undesirable behaviours;
attitudes towards the use of prescription and over-the-
counter (OTC) behaviour-modifying agents; and owner
attitudes towards the role of veterinarians and equine
behaviourists. The results of this survey suggest that
undesirable behaviours are common. Agents with a
nonspecific sedating effect were the most common agents
suggested by veterinarians and used by horse owners. Horse
owners indicated a greater use of a, agonists for the
management of undesirable behaviours associated with
riding horses. Many owners in this survey indicated they would
consider seeking advice from veterinarians (83.2%) and
behaviourists  (58.0%) if they had a horse that was
‘consistently difficult or uncooperative to handle or ride’. The
majority  (97.3%) of nonveterinarian equine behaviourists
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would seek the input of a veterinarian to investigate physical
causes for undesirable horse behaviour. Twenty-two per cent
of veterinarians would refer a case to a behaviour expert fo
address the behavioural component, whilst most veterinarians
(77.6%) would devise a behaviour modification and refraining
programme themselves. It is hoped that information from this
survey can be used to improve existing horse management
practices and has a positive impact on animal welfare.

Survey on Thoroughbred use, health and owner
satisfaction following retirement from racing

Reed et al. (2020)

Thousands of Thoroughbred horses retire from racing each
year and go on fo second careers unrelated to racing.
Although there are many publications regarding health
concerns for Thoroughbreds whilst racing, evidence-based
information regarding what happens after retirement from
racing is scarce. Veterinarians are relegated to use
anecdotal information to guide owners and potential owners.
The study objective was to collect and evaluate extensive
information regarding the use and perceived health of
Thoroughbreds retfired from racing, as well as owner
satisfaction. A 31-question survey on use, health and
behaviour was made available to owners of Thoroughbred
horses who had retired from racing. A similar survey was
available to owners of non-Thoroughbred horses for a control
population. Racing data were obtained from a publicly
available database for Thoroughbreds. Statistical analysis was
performed to compare incidence of health and behaviour
issues between Thoroughbreds and controls and beftween
different racing experiences for Thoroughbreds.
Thoroughbreds retired from racing were more likely to suffer
from musculoskeletal injuries, gastrointestinal, behavioural and
foot/hoof issues than controls. Age at first start, age at last
start, number of starts and breaks of 6 months or more during
racing career did not affect incidence of musculoskeletal
disease, behavioural issues, hoof/foot issues, respiratory
disease and neurologic disease. Horses with >51 lifetime starts
were more likely to experience gastrointestinal disease in the
first year after retrement from racing. Thoroughbreds were as
likely as controls to have eventual resolution of issues present
at acquisition. Veterinarians can use this information to guide
pre-purchase evaluations, provide ongoing care and counsel
owners/prospective  owners on the possible needs of
Thoroughbred horses retired from racing. Knowing the
common issues faced by the population will increase the
success of fransition from racing by creating informed
veterinarians and owner expectations.
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Suspected hepatic amyloidosis in a horse
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Summary

A 9-year-old Saddlebred gelding was referred to the University of
Wisconsin Veterinary Care for decreased energy levels, weight
loss, persistently elevated liver enzymes, hyperglobulinaemia and
leucocytosis. On presentation, the gelding was bright and
physical examination findings were unremarkable. A biochemistry
profile evidenced hyperproteinaemia (90 g/L, i 47-75 g/L) due to
hyperglobulinaemia (58 g/L, m 22-38 g/L), a moderately elevated
GGT (176 U/L, m 12-46 U/L) and normal bile acids. Haematology
showed a mild normocytic, normochromic anaemia (6.4 x 10'%/
L 6.8-12.9 x 10'%/L), a normal leukogram with the exception of
a mild increase in band neutrophils (0.3 x 10°/L; m 0-0.1 x 10%/L)
and hyperfiorinogenaemia (8.0 g/L, m 1.0-4.0 g/L). Abdominal
ulfrasonography showed a large volume of peritoneal fluid of
mixed echogenicity, and the presence of focally distributed,
circular to oval (approximately 1-2 cm), hyperechoic areas within
the parenchyma of an enlarged liver (Fig 1). Cytological analysis
of the peritoneal fluid revealed sterile neutrophilic/macrophagic
inflammation, with haemosiderophages. A liver biopsy revealed
the presence of hepatic amyloidosis and focal fibrosis (Fig 2).
Positive Congo red staining and immunohistochemical results

confirmed the presence of hepatic amyloidosis, most likely
associated with accumulation of serum amyloid A.
Medical therapy had included frimethoprim-

sulfamethoxazole, as previously prescribed by the refeming
veterinarian, for a total of 28 days. Once the histopathology
results became available and amyloidosis was suspected, long-
term treatment with oral dexamethasone was recommended.
Dexamethasone was associated with both a clinical and

Fig 1: Ultrasonographic image of the liver over the right hepatic
window. Left is dorsal and right is ventral. Note the presence of
five focally distributed, circular to oval (approximately 1-2 cm),
hyperechoic areas within the parenchyma of the liver.

Fig 2: Photomicrograph of liver blopsy. The eosmophmc amorphous
material seen in photomicrograph a stains positive with the Congo-
red reaction consistent with amyloid. 400x magnification.

biochemical response for 7 months. On the last recheck
appointment (day 189), the gelding was reported to be back to
his normal attitude and energy levels. Physical examination at
that time was unremarkable, and his body weight had increased
from 505 kg on initial presentation to 528 kg. Ultrasonographic
examination showed a subjectively enlarged liver, similar to
before, but the formerly visualised hyperechoic areas within the
hepatic parenchyma were no longer apparent, and GGT activity
had decreased fo 57 U/L (nhormal range 2-36 U/L). Given the lack
of information regarding this condition in horses, a repeat liver
biopsy was recommended but declined by the owner and oral
dexamethasone freatment was then discontinued. Unfortfunately,
an acute colic episode approximately 1 month later
subsequently led to euthanasia, regrettably without any further
significant ante-mortem and pathologic diagnostic work-up.

To the authors’ knowledge, this is the first case report
describing the medical management and successful medium-
term survival (7 months) of a horse with hepatic amyloidosis.

Key points

* Abdominal ultrasonography can be
diagnosing hepatic amyloidosis.

* Long-term corticosteroids may be a possible therapy
for successful medium-term management of hepatic
amyloidosis.

* Hepatic amyloidosis and subsequent hepatic rupture
should be considered as a differential diagnosis for
haemoabdomen in horses

helpful in
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Right to left patent ductus arteriosus, acute bronchointerstitial
pneumonia, pulmonary hypertension and cor pulmonale in a foal
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Summary

A 20-day-old colt was examined with a history of respiratory
distress. Thoracic auscultation revealed loud wheezes and
crackles on both sides and a holosystolic plateau-type
murmur over the tricuspid valve area. Thoracic radiographs
demonstrated caudodorsally scattered bronchointerstitial
paftern. A tentative diagnosis of acute bronchointerstitial
pneumonia was made. The foal was administered
dexamethasone and ceftriaxone sodium. The case was
poorly responsive to tfreatment and 4 days after initial
presentation, the severity of clinical signs was markedly
increased. On echocardiography, right atrial and ventricular
dilatations  with  paradoxical ventricular septal  motion,
increased ratio of pulmonary artery internal diameter to the
aorta, ftricuspid valve regurgitation and right ventricular
outflow tract dilation were detected. Five days after initial
presentation, the foal was found dead. The major post-
mortem (Fig 1) and histopathological findings were: dark red
and diffusely enlarged lungs with granular and rubbery
tfexture, marked enlargement of right atrium and venfricle,
pulmonary artery thickening and enlargement, patency of
the ductus arteriosus, alveolar walls thickening and hyaline
membrane formation, hypertrophy and thickening of the

medial layers of the pulmonary arteries and right ventricular
myocardial cell distortion and hypertrophy. The diagnosis was
established as an acute bronchointerstitial pneumonia and
pulmonary hypertension, right heart failure (cor pulmonale)
and PDA with right to left shunting.

Key points

* Pulmonary hypertension associated with bronchointerstitial
pneumonia can result in a PDA with reversed shunting
(Eisenmenger’s physiology) in foals.

* The typical clinical and echocardiographic findings of
usual forms of PDA are not usually present in right-to
left shunting PDA and sophisticated diagnostic
techniques are required to establish the diagnosis.

* A reverse PDA should be considered in the differential
diagnosis of any foal suffering from respiratory disfress
and cyanosis; in particular, when the pulmonary artery is
dilated or the ratio of pulmonary artery to the aorta
diameter is evident on echocardiographic examination.

Fig 1: Bronchointerstitial pneumonia, PDA and right ventricular dilation in a 20-day-old foal. a) Diffusely enlarged right lung with
rubbery texture and interspersed dark red areas. b) Groove director (black arrow) passed into the PDA from pulmonary artery towards
the aorta. c) Right ventricle enlargement. d) Well demarcated areas of pulmonary consolidation with frothy fluid and pus in the airways.
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Equine congenital heart disease and respiratory disease

interactions

C. Navas De Solis”” @ and S. Wesselowski*

"Large Animal Clinical Sciences, Texas A &M University; and “Small Animal Medicine and Surgery, Texas A &M

University, College Station, Texas, USA
*Corresponding author email: crisnavasdes@gmail.com

Summary

The interactions between the respiratory and cardiovascular
system in neonates with severe illness are relevant to the
equine clinician. There is little information available regarding
the treatment of congenital heart disease or pulmonary
hypertension in foals, thus a team approach with experts in
these fields may help our equine cases.

Equine congenital heart disease

Congenital cardiac disease is uncommon in foals and has
been reported to occur in 0.1-0.5% of births in some

populations (Marr 2015). A ventricular septal defect (VSD) is
by far the most commonly recognised congenital cardiac
defect in horses. Complex defects such as tetralogy of Fallot
(TOF) are less common and other solitary congenital defects
such as patent ductus arteriosus (PDA) are rare. Careful
physical examination followed by cardiac imaging is crucial
for determining the diagnosis and prognosis of congenital
cardiac disease in foals.

Cardiac murmurs are common in equine neonates and
careful auscultation is often capable of differentiating the
concerning from the clinically irelevant. Systolic murmurs over
the aortic or pulmonic valve areas are the most common

@
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Fig 1: The common presentations of ventricular septal defects (VSD) in horses are shown. a) Perimembranous VSD, b) Muscular VSD, c)
Subpulmonic VSD, d) VSD associated with tetralogy of Fallot. Ao = aorta, LV = left ventricle, RV = right ventricle, PA = pulmonary artery,

RA = right atrium. Arrows point VSDs.
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murmurs appreciated in neonates and are frequently
associated with normal ejection of blood (i.e. physiologic).
Pulmonic stenosis without other concomitant defects is rare
and aortic stenosis is almost unheard of in the foal, though
either of these conditions would be expected to result in a
systolic murmur over the respective valve area (Hall et al.
2010). Confinuous murmurs are rare in horses with the
exception of neonates. Aortocardiac fistulas or aorta fo
pulmonary artery (PA) fistulas in the case of Friesians are the
most common cause for confinuous murmurs in adulfs. The
ductus arteriosus (DA) is a fetal connection between the
aorta and the main PA that remains patent in newborn foals,
making continuous murmurs common during the first days of
life. Functional closure occurs 2-3 days after birth and
anaftomical closure at approximately 4 days of age. A
contfinuous murmur in horses older than 5 days or in the
younger foal with clinical signs of cardiovascular disease, or
potentially  respiratory or systemic disease, warrants
investigation. Reversal (left-to-right reversing to right-to-left) of
the ductal flow (rPDA) causes the confinuous murmur to
disappear or to become systolic and can predispose to
louder fricuspid or pulmonic regurgitation murmurs. In the
case reported by Saadi et al. (2020), only a right-sided
systolic murmur was auscultated. A right-sided systolic murmur
in a horse suggests tricuspid regurgitation. If the right-sided
murmur is accompanied by a left-sided murmur over the
pulmonic valve area, congenital heart disease is the most
likely differential diagnosis. Ventricular septal defects often
lead to a characteristic combination of murmurs. These are:
(1) a 4-6/6 pansystolic, band shaped and coarse murmur
with the point of maximal intensity over the tricuspid valve
area (due to the shunt) and (2) a softer murmur that is
holosystolic or pansystolic, crescendo-decrescendo and
blowing or coarse, with the point of maximal intensity over
the pulmonic valve area. This second murmur is due to an
increased volume of blood being ejected through a normal
pulmonic valve and often described as a ‘relative pulmonic
stenosis’ murmur. The characteristics of the murmurs can differ
from this classic combination when the VSD is subpulmonic or
muscular instead of the most common perimembranous
location. If the murmur over the pulmonic valve area is louder
than the murmur over the fricuspid valve area, TOF or
subpulmonic VSD can be suspected (Fig 1).

Patent ductus arteriosus

Clinically relevant PDAs in horses are rare. When appreciated,
they are often diagnosed in conjunction with concurrent
respiratory disease or additional congenital cardiac defects.
Published reports are sparse and definitive tfreatment attempts
have not been reported. Saadi et al. (2020) report an
interesting case of a suspected rPDA. Cases of confrmed or
suspected reversed ductal flow in foals have been previously
reported (Reimer et al. 1993; Dufourni et al. 2018). There are no
peer reviewed reports of adult horses with PDA and the authors
only know of one adult horse with this clinical problem.

Patent ductus arteriosus are relatively common in humans
and other domestic animals. Experience in these species
may provide useful insight when the rare PDA is appreciated in
the horse. Increased oxygen tension and decreased
prostaglandins affer birth normally promote contraction and
closure of the DA. If the DA fails to close, in an otherwise normall
cardiovascular system, left-to-right continuous shunting occurs,
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as aortic pressure is higher than pulmonic pressure throughout
the entire cardiac cycle. Patients with untreated PDA can
present asymptomatically, or have clinical signs related to
atrial fibrillation or left-sided congestive heart failure.

In a small subset of patients with severe pulmonary
overcirculation due to a PDA or other infracardiac shunting
lesion, vascular remodelling of the pulmonary circulation
develops due o high pulmonary blood flow and subsequent
endothelial damage, which leads to pulmonary hypertension
(PH) and shunt reversal. This phenomenon is known as
Eisenmenger’'s syndrome. Reversed PDAs lead to poor
oxygenation, differential cyanosis and polycythaemia.

Diagnosis

The diagnosis of PDA in most species is made
echocardiographically. In small animals, the PDA itself can be
visualised as it enters info the main PA typically just above the
left main PA branch. Continuous, turbulent blood flow can be
appreciated in the main PA with colour Doppler imaging.

Fig 2: a) Echocardiogram of a dog with a left-to-right shunting
PDA. Note the left ventricular and left atrial dilation. b)
Echocardiogram of a dog with a rPDA. Note the flattened
interventricular septum, right ventricular concentric hypertrophy
and dilated right pulmonary artery branch above the left atrium.
LV = left ventricle, RV =right ventricle, rPA =right pulmonary
artery branch, RA = right atrium, LA = left atrium.
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Spectral Doppler interrogation of the PDA flow allows for
measurement of the peak PDA flow velocity (4.5-5 m/s with
normal aorfa and PA pressures), which can be used to
estimate the pressure gradient between the aorta and the
main PA. Low-velocity left-to-right PDA flow suggests that
pulmonary hypertension may be present. Expected
secondary chamber remodelling that develops with standard
left-to-right shunting PDAs includes left ventricular and atrial
enlargement (Fig 2). Secondary mitral regurgitation may
develop as a result of annular dilation and distortion of the
mitral valve apparatus that accompanies the left-sided
cardiac enlargement. Mild aortic valve regurgitation is also
commonly appreciated, as is dilation of the main PA
(Schneider and Moore 2006).

In  patients with rPDA, severe right-sided cardiac
remodelling develops as a result of severe PH and is
characterised by right ventricular concentric hypertrophy,
flattening of the interventricular septum and severe dilation of
the main PA and its branches (Fig 2). If tricuspid regurgitation
or pulmonic insufficiency is present, the velocity of these
valvular insufficiencies is expected to be abnormally high as a
result of the on-going PH. Left-sided cardiac chambers are
expected to be normal or even decreased in size due to poor
venous return to the left heart. Visualisation of rPDA flow can

EQUINE VETERINARY EDUCATION / AE / SEPTEMBER 2020

sometimes be difficult, with confrast echocardiography
(intravenous injection of agitated saline) typically needed for
confirmation of the diagnosis. In the case of an rPDA, the right-
to-left shunt is extracardiac, thus imaging of microbubbles in
the abdominal aorta is expected.

The anatomy of a PDA varies substantially from individual
to individual (Krichenko et al. 1989). Size and shape of both
the PDA ampulla (tube portion) and the ostium where the
PDA inserts on the PA side (minimal ductal diameter) are
crucial for determining the feasibility of different definitive
treatment options. Additional imaging modalities such as
angiography or transoesophageal echocardiography are
often needed prior to definitive treatment to better define
PDA anatomy.

Therapy

The therapy of choice for a left-to-right PDA in humans and
small animals is early closure. Minimally invasive procedures to
deliver intravascular devices or direct surgical ligation via a
thoracotomy are performed in these species. Patient size and
some PDA anatomic phenotypes, mainly insufficient ductal
tapering to allow for adequate device stability, are limitations
for device placement. Whether or not a catheter-based

4.99 m/s |
P 99.45 mmHg |
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Fig 3: Echocardiograms of horses with pulmonary hypertension. a) Echocardiogram of a horse with PH secondary to left-sided heart
disease. Note the enlargement of the PA, left atrium and left atrial appendage. b) Echocardiogram of a horse with PH secondary to
pulmonary disease. Note the PA enlargement and the flattened interventricular septum. ¢ and d) Colour flow Doppler and spectral
Doppler of a jet of tricuspid regurgitation. Note the tricuspid regurgitation maximal velocity of approximately 5 m/s, suggesting a

systolic PA pressure of approximately 100 mmHg. Ao = aorta, LV = left ventricle, RV = right ventricle, PA = pulmonary artery, LA =
interventricular septum. Arrows point to jet of tricuspid regurgitation.

atrium, RA = right atrium, IVS =

© 2019 EVJ Ltd

left



EQUINE VETERINARY EDUCATION / AE / SEPTEMBER 2020

occlusion could be considered in foals would largely depend
upon the size of the foal and the size and shape of the PDA.
Normally growing foals would quickly become too large for a
catheter-based occlusion, though ligation could be
considered in a horse or other large animal species.
Haemodynamically significant PDAs that are not closed
typically lead to the development of left-sided congestive
heart failure and drugs such as diurefics, angiotensin-
converting enzyme inhibitors, pimobendan or digoxin can be
used.

Closure of rPDAs is contfraindicated as it can precipitate
life-threatening PH. These patients can be treated for the
underlying PH and monitored for secondary polycythaemia.
Pulmonary vasodilators such as oxygen, nitric oxide or
phosphodiesterase-5 inhibitors have been used in foals with
PH. Sildenafil has been shown to improve clinical signs and
reduce secondary erythrocytosis in  dogs with rPDAs
(Nakamura et al. 2011). If primary lung disease is present,
successful freatment of that pathology would be a primary
goal. There is minimal clinical experience in the use of the
maijority of these therapies in horses.

Pulmonary hypertension

In addition to PH that develops as a result of a large
shunting lesion and Eisenmenger's syndrome, a multitude of
other causes of PH are possible including left-sided cardiac
disease, chronic  lung diseases and/or  hypoxia,
thromboembolic disease or mulfifactorial mechanisms
(Simonneau et al. 2013). Pulmonary hypertension associated
with hypoxia and lung disease may be the most commonly
described causes of PH in horses, followed by left-sided
cardiac  disease  (Fig 3). Echocardiographic  changes
associated with increased PA pressures in horses with acute
exacerbation of asthma have been reported. In these horses
increased PA diameter, abnormal septal motion, thickening
of the right ventricular wall, decreased left ventricular
diameter and estimated stroke volume and changes in fissue
doppler and speckle fracking have been described
(Johansson et al. 2007; Decloedt et al. 2017). Persistent PH of
the newborn is also described, and is atftributed to a failure of
the cardiovascular system to transition to neonatal life after
birth (Cottrill et al. 1987; Drummond 1987). In the case
reported by Saadi ef al. (2020), PH may have been caused
primarily by respiratory disease and persistent PH of the
newborn or Eisenmenger’'s syndrome could have played a
role.

Interstitial pneumonia

Acute lung injury (ALl) and acute respiratory distress
syndrome (ARDS) are syndromes arising from an uncontrolled
inflammatory response in the lungs. Infection is offen the
suspected original insult for cause, and damage to vascular
and alveolar epithelium causing pulmonary interstitial
oedema, alveolar fluid accumulation, decreased surfactant,
hyaline membrane formation, atelectasis, early fibrosis,
collapse of the alveoli and sudden respiratory distress the
result. Inefficient gas exchange is part of the definition of ALIl/
ARDS and the consequence of venfilation-perfusion
mismatch with both areas of low and high ventilation-
perfusion ratios (Dunkel et al. 2005).
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Fig 4: Thoracic radiograph and sonogram of a horse with severe
interstitial pneumonia. a) the radiograph shows severe, diffuse,
interstitial and bronchial patterns, b) the sonogram shows
coalescing or broad-based comet tail artefacts (arrow) often
seen in foals (diffuse ‘ground glass appearance’).

The bronchointerstitial pneumonia and acute respiratory
distress described in 1 to 7-month-old foals (Lakritz ef al. 1993)
resembles the clinical presentation of the foal described by
Saadi ef al. Respiratory distress, tachypnea, inifial large
bronchial sounds followed by crackles and wheezes, fever,
cyanosis, sudden death, leukocytosis, hyperfibrinogenaemia,
hypoxaemia, hypercapnia and disseminated intravascular
coagulation are common clinical and clinicopathological
features in these cases Wilkins (2003). Pulmonary imaging
(Fig 4) in conjunction with the above described signs of PH
help define the severity of the disease, and can guide therapy
in conjunction with the clinical and the clinicopathological
(mainly arterial blood gases) progression. Chronic interstitial
pneumonia and ALI/ARDS (Cottrill et al. 1987; Nout et al. 2002)
may reflect a common lung response to injury. Supportive
(oxygen therapy, fluid therapy, nutritional support) and anfi-
inflammatory  (steroidal and nonsteroidal) care  while
attempting to identify and treat (antibiotic therapy) the
primary insult should be the goal in these cases. Corticosteroid
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therapy and environmental temperature control have been
suggested to be the key to successful therapy.
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Medial pterygoid myositis in a Thoroughbred gelding
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Summary

A 9-year-old Thoroughbred gelding was presented with a
large swelling medial to the right mandible. Pain was elicited
on palpation of the sweling, and purulent, severely
malodorous exudate was emanating from a draining fract.
Laboratory testing for Strep. equi subsp. equi was negative.

Standing head CT identified a large space-occupying lesion
of heterogenous gas and soft fissue attenuation lying medial to
the right mandible (Fig 1a). Additionally, there was an area of
imregular bone lysis of the medial aspect of the mandible
(Fig 1b). The right regional lymph nodes were enlarged and
association with the lesion could not be excluded.

Placement of an oral speculum was markedly resented;
however, oral examination under profound sedation
identified a small area of severe, chronic buccal ulceration
adjacent to the 411 tooth. Bacterial culture of the purulent
exudate yielded a profuse growth of mixed anaerobes
including Peptostreptococcus and Prevotella spp.

A diagnosis of a large abscess was made although the
aetiology was unclear. The cavity was carefully debrided and
lavaged under general anaesthesia. Upon entering the
abscess cavity, a copious volume of foetid creamy-brown

Fig 1: Transverse CT images. a) A large space-occupying lesion
of heterogenous gas and soft tissue attenuation was identified,
lying medial to the right mandible. b) A focal lucency was also
present on the medial surface of the right mandible (red circle).

fluid and inspissated purulent material was released, and
large pieces of necrofic medial pterygoid muscle were
removed. The skin incision was partially closed, and the cavity
was packed with a gauze seton drain.

The horse was maintained on antibiotics and anfi-
inlammatories. By 5 days post-operatively, the cavity was
filing well with granulation tissue; there was serous, odourless
exudate, and the horse was bright and eating well. The horse
refurned home tfo rest until the cavity had healed
completely.

One month post-operatively, the horse was dull with
reduced masticatory excursion. The cavity had almost
completely healed with only a small fract remaining. Repeat
CT showed only small areas of gas attenuation remaining in
the region of the healing tract.

In the absence of any temporomandibular joint or dental
abnormalities, we hypothesised the trismus was due to
inlammation of the previously necrofic muscle and so
recommended to keep feeding the horse roughage to act
as physiotherapy. A follow-up telephone conversation with
the referring vet é weeks later confrmed the horse was
progressing well — the discharging tract had healed
completely, and the horse was eating well and maintaining
his own body weight.

The use of standing head CT assisted with the diagnosis,
enabled accurate and careful surgical planning, and assisted
in  monitoring progression of this case. Despite the
complications encountered, the horse recovered satisfactorily
overall. It is worth remembering that muscle function following
frauma may be abnormal buf, with  appropriate
physiotherapy, may return to normal in due course.

Key points

¢ Standing head CT should be considered in the
diagnostic investigation of any lesion involving the
equine head.

* Careful diagnostic investigations coupled with a
thorough understanding of anatomy mean that
surgical exploration and freatment can be safely
achieved.

* Trismus is a possible side effect of trauma to the
muscles of mastication. However, with appropriate
physiotherapy, masticatory functfion can refurn fo
normal in due course.

© 2019 EVJ Lid
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Medial pterygoid myositis in a Thoroughbred gelding — an imaging

perspective
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The case report by Tannahill ef al. (2020) describes an
inferesting case with well-presented diagnostic images and a
slightly unusual, delayed complication with the development
of frismus some time affer surgery and discharge from the
hospital.

The authors describe the commonest causes of inter-
mandibular abscessation and conclude that, due to the
nature of the bacterial species cultured (Peptostreptococcus
and Prevotella species), they felt that the likely origin of the
infection to have been from an oral route. While no obvious
site of entry was identified on oral examination, it is still enfirely
possible that there was direct inoculation via this route, from a
small puncture or other wound, which may have healed. No
external wounds or related dental disease was identified with
oral examination or with the subsequently employed
diagnostic imaging techniques, especially radiography and
computed tomography (CT).

The imaging modalities employed in the case provide a
good example of the advantages and disadvantages of
each modality. Radiography is limited by superimposition of
other structures, radiographic distorfion due to obliquity, the
inability to identify separate soft fissue and fluid filed
structures and its relative insensitivity in identifying some bony
pathology. Well-documented oblique radiographs are
described to better evaluate the structures of the skull (Butler
etal 2017) as well as more bespoke, lesion-orientated
obliques. The use of radiopaque probes (usually metallic), as
described in this case, is also well recognised and can be
invaluable in outlining tracts within tissues, both in the head
and other parts of the body (Fig 1Ta and b). The use of a
liquid radiographic positive contrast agent is usually less
rewarding, if placed directly info a draining fract, as it fends
to take the path of least resistance and not extend into the
fract.

Ultrasonography is valuable for evaluation of soft tissues,
fluid filled structures, cartilage and bone surfaces but its value
becomes more limited in the presence of gas, mineralisation
or foreign material as acoustic artefacts can occur. One of
the most common acoustic artefacts encountered is that of
acoustic shadowing (Reef 1998), seen at fissue interfaces
where there is a large difference in acoustic impedance
between the two fissues (e.g. soft-fissue mineral and soft-
fissue gas interfaces). It becomes harder to evaluate the
tissue deep to regions of acoustic shadowing. The converse
of this is that, in some cases, gas can act as an
ultrasonographic ‘contrast material’ and can be followed,
within a fract, to determine directfion and extent (Fig 2),
which can be invaluable for fraumatic injuries, such as
puncture wounds adjacent to synovial structures. The
acoustic shadow produced from a foreign body can also be
helpful in identifying its presence, location and size (Fig 3a

© 2019 EVJ Ltd

Fig 1: a) Example of the use of a metal probe to delineate a tract.
Dorsoproximal-plantarodistal oblique radiograph of the foof,
following a solar penetration, showing a metallic probe extending
in from the medial aspect of the foot, superimposed on P3 and the
DIP joint space and extending towards the axial midline with the
end of the probe positioned just proximal to the distal horizontal
border of the navicular bone. b) Lateromedial radiograph of the
same foot as Fig 1a showing the metallic probe delineating a tract,
from the solar penetration, extending proximally from the solar
margin of the foot, plantar to the deep digital flexor tendon (DDFT)
and superimposed of the wings of P3, indicating that there is no
involvement of the DDFT, synovial or bony structures.
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Fig 2: Longitudinal B mode ultrasound image of the dorsal
aspect of the hock following a traumatic wound showing a
number of hyperechoic foci with a distal acoustic shadow,
consistent with gas, tracking through the soft tissue superficial to
the lateral digital extensor tendon.

and b). Ultrasonography was not employed preoperatively in
this case and is likely to have been of limited value for the
previously described reasons. Its use at the time of re-
examination revealed hyperechoic foci, consistent with gas,
within a fract.

It is important to remember that while both radiography
and ultrasonography have their limitations, they are sfill
invaluable imaging modalities and remain at the forefront of
first opinion and referral practice.

Standing computed tomography (CT) of the head was
performed in this case and was clearly indicated to better
evaluate soft fissue, bone and dental material. Computed
tfomography of the equine head, using standing sedation, is by
now a well-documented procedure and its value for imaging of
the equine head is well recognised (Manso-Diaz ef al. 2015). It is
well tolerated by the majority of horses and is comparatively
safe. However, it sfill remains limited to a relatively small but
ever-growing number of more specialist sites within the UK and
throughout the world. The advantages of CT are the
tfomographic natfure of the images produced, the ability fo
evaluate structures in multiple imaging planes, with no
superimposition or imaging distortion due to obliquity, as well as
spatial  and contrast  resolution when compared with
radiography and also, in many cases, radiography and
ultrasonography combined (Fig 4). The ability to more clearly
evaluate the extent and nature of a lesion and its anatomical
proximity to other structures is important for surgical planning.
Computed tomography was also useful, in this case, in the post-
operative evaluation, when trismus had developed. The authors
describe a condition in people, myositis ossificans fraumatica
(Hanisch et al. 2018) in which heterofropic bone develops in
regions of fraumatised muscle fissue. It is clear from the post-
operative CT images that this was not present, as mineralisation
of soft fissues would have been clearly detectable in the CT
images, as described in people with this condition (Fig 5).

The interesting complication of delayed onset tfrismus
prompted further investigation with the diagnostic imaging
performed indicating ongoing resolution of the soft tissue
pathology. Common causes of trismus in the horse include
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Fig 3: a) Longitudinal B mode ulfrasound image of the dorsal
aspect of the carpus showing a linear, hyperechoic structure with a
distal acoustic shadow, consistent with a foreign body, superficial
to the extensor carpi radialis (ECR) tendon and its sheath. Note the
marked effusion of the tendon sheath. b) Transverse B mode
ultrasound image, of the same case as image 3a, showing the
foreign body in cross section and appearing as a small rounded
hyperechoic structure with a distal acoustic shadow sitting just
superficial to the ECR tendon and sheath. Note the marked effusion
of the ECR tendon sheath with some inflammatory tissue within the
sheath. The foreign body was a black thorn.

infection with Clostridium tetani which produces neurotoxins,
the main one being fefanospasmin, which through its
mechanism of action results in muscle contractions and
spasm as well as other clinical signs, and frismus is not seen in
isolation (Kay and Knottenbelt 2007). Other common causes
of trismus in the horse include causes of temporomandibular
pain, oral pain, muscle pain and frauma, including fractures
(Figs 6a,b and 7a,b).

The authors rule out other causes of frismus and suggest
that it is related to the muscle damage, the muscles’ inability
to regenerate rapidly and cited inflammation/scarring of the
muscle as possible causes. Trismus due to muscle pathology
has been previously described in horse. One report (Pearson
et al. 2005) described myodegeneration, at varying stages of
the masseter muscle in eight horses, which had difficulty
opening the mouth and eatfing. Some of these horses also
had more widespread muscular involvement. In a separate
report (Aharonson-Raz et al. 2009), one horse was described

© 2019 EVJ Lid
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Fig 4: 3D MPR transverse CT image, positioned at the level of the
110 and 210 teeth, showing opacification of the rostral maxillary
and ventral chonchal sinus with soft tissue/fluid aftenuating
material. There are multiple hypoattenuation foci within the
abnormal tissue in the rostral maxillary sinus, consistent with the
presence of gas. This finding is consistent with the appearance of
inspissated pus within the sinus.

Fig 5: 3D MPR transverse CT image, positioned towards the rostral
aspect of the orbit showing a large mass, which is isoattenuating
compared with the adjacent soft tissue but containing multiple
hyperattenuating foci, consistent with mineralisation within the
mass. This mass is likely to be a melanoma.

© 2019 EVJ Ltd
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Fig 6: a) 3D MPR transverse CT image, positioned level with the
temporomandibular joints (TMJs) of a case of sepsis of the left
TMJ. There is widening of the left TMJ joint space (large white
arrow) with an increased volume of soft tissue laterally (small
white arrows) and in the region of the medial pterygoid muscle
axially (green arrows). This image has been affected by motion.
b) Transverse B mode ulfrasound image of the same case as Fig
6a showing marked effusion of the TMJ. There are hyperechoic
foci present within the effusion consistent with sepsis.

with fibrosis of the masseter muscle following abscessation
and was suspected to be due to myositis. EMG findings, in this
case, were consistent with degenerative muscle changes,
with a biopsy confirming fibrosis. Ultfrasound evaluation
showed that the muscle appeared smaller and less
echogenic than normal, consistent with fibrosis.

The authors advised continued feeding of roughage to
act as physiotherapy and the horse went on to do well,



EQUINE VETERINARY EDUCATION / AE / SEPTEMBER 2020

Fig 7: a) 3D MPR transverse CT image, positioned rostral to the
TMJs, of a horse with trismus following a fraumatic incident
involving the skull, showing a horizontal fracture line, with slight
displacement through the right coronoid process of the mandible
(arrow). b) 3D MPR sagittal CT image of the same case as Fig 7a,
positioned over the right mandible showing the horizontal fracture
line through the coronoid process of the mandible (large arrows)
with an additional obliquely orientated fracture line, indicating
comminution, running in a caudoventral orientation (small arrows).
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therefore the trismus was only a medium-term complication.
Trismus is also described in people following treatment for oral
cancers (Pantvaidya et al. 2019) and they advocate the
aggressive use of rehabilitation, including physiotherapy, to
prevent this from occurring.

In summary, this case report employed several different
imaging modalities and provides a good example of the
stfrengths and weakness of them all as well as where they
can be used in conjunction with each other to maximise the
information obtained.
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Summary

A 12-year-old, Westphalian gelding was presented for nasal
discharge because of a large (2.5 x 3 cm) oromaxillary
fistula after dental repulsion of the Triadan 209 4 years
earlier. The second case, a 5-year-old Oldenburg mare was
presenfed for a large (2.5 x 3.5 cm) orocutaneous fistula
7 weeks after dental repulsion of the Triadan 208.
Conservative management including debridement of the
fistula and placement of a dental plug was not aftempted
because the plug would have been unstable due to the
size of the fistulae. Both horses were treated under general
anaesthesia by placing a denfal bridge composed of
cerclage wire and polymethylmethacrylate (PMMA). The
cerclage wire was inserted through the inferdental space
rostral and caudal to the fistula and crossing at the level of
the missing footh, creafing an 8-shaped construct (Fig 1).
PMMA was then used to seal the fistula. No significant

Fig 2: Control buccoscopy of Case 2 after 1.5 years showing
correct placement of the construct, absence of tissue
inflammation and only slight wear of the PMMA in the centre.

complications occurred during or after the surgery. In both
cases clinical signs did not recur. In the first case the
dental bridge is currently (5 years after the intervention) in
place. In Case 2 the construction was solidly in place after
1.5 years (Fig 2), the bridge was then removed and the
fistula had healed completely.

Placement of a dental bridge is a relatively easy
procedure that is very well tolerated by horses and avoids
the need for intensive follow-up. A limit to the technique is
the need of anchorage at the interdental spaces rostral and
caudal to the fistula.

Key points

* The dental bridge composed of cerclage wire and
PMMA provided efficient sealing of the oral fistulae

Fig 1: Schematic presentation of the surgical technique: after even though they were very large.
threading the cerclage wire through the drilled hole in the * Advantages include not requiring specialised or
interdental space caudal to the fistula and looping it around the expensive equipment, being a minimally invasive and

tooth rostral to the fistula (by passing it through the drilled hole at
the rostral interdental space) both ends are exteriorised through a
1 cm cheek incision and tightened, creating an 8-shaped
construct. The oral part of the fistula will then be sealed with
PMMA.

one-step procedure.
* This technique is particularly indicated for fistulas at the
level of Triadan ‘08" or ‘09'.
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Treatment of equine oro-nasal and oro-maxillary fistulae
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Summary

Equine oro-nasal or oro-sinus fistulae are usually problematic
disorders to treat. As these lesions are mainly a sequel to
standard dental repulsions, it is obvious that safer exodontia
techniques such as oral exiraction should now be used. The
initial treatment of such fistulae is to ensure that there is a
healthy granulating alveolus, without any dental or alveolar
sequesirae and that all epithelium lining the fistula is
removed. Provided there is a tooth on either side of the fistula,
the initial and usually successful treatment is the use of an
acrylic alveolar plug attached to adequately prepared
adjacent teeth. Reinforcing such prostheses with wire tied
between adjacent teeth will stabilise such prostheses. For
fistulae that extend far onto the hard palate or those at the
Triadan 06 or 11 alveolar sites that cannot be freated by
acrylic prostheses, a variety of surgical treatments including;
mucoperiosteal sliding flap, fransposition of facial muscles,
maxillary bone flap or an ear cartilage graft are all potential
therapies, but there are no large, objective long-term reports
on their success available.

Infroduction

Oro-nasal and oro-sinus fistulae can be frustrating disorders
to successfully treat. Oro-sinus fistulae usually cause more
marked clinical signs of upper airway contamination and
infection than oro-nasal fistulae; some of the latter can
have asymptomatic periods when at grass or if fed a
chopped diet. There is little evidence-based study of the
freatment of these disorders, mainly case reports of single or
small numbers of horses or opinionated review arficles such
as this.

‘Prevention is better than cure’

Most equine oro-nasal and oro-sinus (oro-maxillary) fistulae
(antrum is a redundant anatomical term for the maxillary
sinus and the term oro-antral fistula appears equally
redundant!) are caused by damage to the apical aspect of
the alveolus during standard cheek teeth repulsion using a
wide dental punch. Because of the high level of post-
operative problems it causes, standard repulsion is no longer
an acceptable technique for roufine equine dental
extractions (Dixon and Gerard 2019). The obvious way fo
avoid creating these fistulae is to use an alternative cheek
teeth exfraction technique that limits the damage to the
apical aspect of the alveolus. If an intact clinical crown is
present, oral extraction is a safer technique with a study
showing 205 consecutive maxillary cheek teeth oral

extractions without any oro-nasal/sinus fistula formation (R.
Kennedy 2019, unpublished observations).

Teeth with fractured clinical crowns can be extracted
using the minimally invasive transbuccal (MIT) technique or by
Steinmann pin repulsion. Both tfechniques will be more
successful if maximal loosening of the remaining footh is
achieved by using oral extractors or dental picks prior fo pin
repulsion or MIT exiraction. Repulsion using a narrow (e.g.
5 mm diameter) Steinmann pin produces less localised
damage to the apical aspect of the alveolus than a
standard repulsion and is more likely to heal effectively. All
repulsions via the thin-walled apical aspect of the alveolus
create a communication between the oral cavity and the
overlying nasal or sinus cavity. Unless this defect heals by
granulation tissue, a fistula will ensue.

Alveolar infection, such as that which occurs with
sequestration of alveolar wall fragments is the most common
post-extraction complication in horses (R. Kennedy 2019,
unpublished observations). Alveolar infection disrupts the
post-exiraction blood clof, retarding alveolar healing and
thus increasing the chance of fistula formation. If following
dental repulsion, an alveolus is packed very deeply with a
solid packing material such as polymethyl methacrylate
(PMMA), this material will physically prevent closure of the
alveolar site containing the packing material, and also
predispose to fistula formation.

In some horses with severe periapical infection, the thin
alveolar bone wall between the infected and an adjacent
healthy tooth may be lost due to infection, or it may be lost
due fo iatrogenic damage during dental extraction. This
results in exposed cementum (rather than periodontal fissue
or granulation fissue covered alveolar bone) on one side of
the extraction site. Granulation fissue from other sites in a
healing alveolus cannot aftach to this exposed peripheral
cementum at the affected side of the alveolus. Fistula
development is likely to occur in these cases, unless some
alveolar soft tissue remains at a more apical alveolar level
that can help seal this aspect of the alveolus.

Some chronically infected, fractured teeth (especially
those caused by infundibular caries-related fractures) can
have extensive infection or even sequestration of their
alveolar and adjacent supporting maxillary bone and may
develop alveolar fistulae even prior to their exfraction. If the
alveolar and hard palate bone loss and subsequent fistula
formation extends deep onto the hard palate (especially with
deep periodontal infection of palatally displaced caries-
related sagittal dental fractures or palatally positioned
supernumerary teeth), these cases will be very problematic to
freat, because an interdental prosthesis will be ineffective in
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sealing the hard palate aspect of the defect. If these fistulae
are caudally located (at Triadan 09-11 alveoli), it may not
even be possible to gain adequate access to perform a
sliding muco-periosteal flap and a muscle or an ear cartilage
graft may be the best options as described later.

With long-term fistulae — especially of the maxillary 06
alveoli, the rostral aspect of the alveolar bone and thus the
complete alveolus may fully atrophy, with the nasal side of the
fistula now just consisting of a shallow defect on the floor of the
nasal cavity (Fig 1), with an inflammatory-induced afrophy of
the adjacent aspect of the ventral nasal conchus also usually
present. In such cases there is no alveolus remaining to place
any packing in. Additionally, with a fistula of the 06 (and less
commonly of the 11 alveolus), there is an absence of a tooth
on both sides of the fistula fo attach an acrylic alveolar plug
to, as acrylic cannot be securely fixed to soft tissue.

Ensure a healthy alveolus is present

The initial treatment of oro-nasal or oro-maxillary fistulae is to
ensure the presence of a healthy alveolus, that is, one that is
lined on all sides by healthy granulation tissue and without
the presence of any embedded dental or bone fragments
by clinical examinatfions and imaging, especially by
computed tomography (Hargreaves and Dixon 2018). On
digital examination, no hard calcified structure should be
palpable in an extraction alveolus by 2 weeks post extraction
(some exposed alveolar bone ridges may be palpable
before this time).

Once a healthy alveolus is achieved, a balance must be
stfruck between preventing further food entering the nasal
cavity or sinuses by alveolar packing and allowing alveolar
closure more apically in the alveolus by granulation tissue.
Rigid alveolar packing should not extend more than one-third
of the way up the alveolus in order to allow alveolar closure
by granulation fissue more dorsally, especially at the critical
apical alveolar site. The use of a compressible alveolar
packing material, such as surgical gauze allows granulation
fissue tfo grow intfo some of the packed alveolus, but there is
a risk that this packing becomes embedded into the
granulation tissue. Covering such packing with a thick layer
of Vaseline will prevent it becoming embedded.
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If an active sinus infection remains, oro-maxillary fistula
freatment may not succeed because continuing exudate
drainage through the fistula will prevent healing at this site.
Concurrent freatment of secondary sinusitis, including removal
of all food material can be performed sinoscopically.

Removal of ingrowing epithelium

Unless the apical aspect of the alveolus becomes sealed by
granulation fissue within 2-3 weeks following extraction, nasal
or sinus mucosal epithelium will start growing down into the
alveolus (Fig 2) and when fully epithelialised, this epithelium
will permanently prevent alveolar healing at this site (Fig 3).

Dorsal migration of oral epithelium into the occlusal
aspect of the alveolus is much less problematic as alveolar
healing needs to first occur at the narrower more apical site.
If an oronasal/sinus fistula does develop, examination per os
using a small flexible endoscope, equine dental mirror and
head light, or preferably with an oral endoscope, will show
the in-growing sinus or nasal epithelium (usually shiny and
pink) lining the dorsal aspect of the fistula that contrasts with
the iregular and wusually darker surface of alveolar
granulation tissue.

Sinus or nasal epithelium growing down info the dorsal
aspect of a fistula can be very effectively removed using a
diode laser per os. It is impossible to sufficiently angle the tip
of a flexible endoscope containing a diode laser fibre to
allow 360 degree transendoscopic debridement of ingrowing
epithelium at the apical aspect of an alveolus. Trans-
endoscopic per-nasum laser debridement will likewise only
allow debridement of the caudo-ventral aspect of an oro-
nasal fistula. The intra-oral use of a digitally held laser fibre
under endoscopic or oroscopic guidance is very effective in
removing in-growing epithelium without causing further
alveolar bone damage to the apical aspect of the fistula
(Fig 4). Additionally, judicious use of the laser fibre will
stimulate an intfense inflammatory response of the underlying
connective tissue that should increase granulation fissue
proliferation and help healing. However, excessive laser
energy may damage the underlying alveolar bone and lead
to its sequestrafion and further delayed alveolar healing.
Laser debridement usually does not cause any haemorrhage

Fig 1: a) Nasal endoscopy of a horse presenting with chronic malodorous purulent unilateral nasal discharge shows the ventral meatus
to contain long-stem food and inspissated pus. b) Following nasal lavage, a distorted ventral nasal concha (red arrow), and complete
alveolar bone atrophy with food protruding from the oronasal fistula (yellow arrows) are evident.
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Fig 2: a) This horse presented with an oro-sinus fistula at a 109 extraction site. b) Following removal of food, the fistula, which is not fully

epithelialised extends circa 2 cm on to the hard palate.

Fig 3: Chronic, fully epithelialised, oro-sinus fistula at a 209
extraction site. This fistula is relatively small, without interproximal
bone loss and is within a deep alveolus with plenty of
submucosal connective tissue. As expected, it responded fully to
debridement and placement of an acrylic interdental prosthesis.

and consequently a PMMA alveolar plug can be
immediately placed in the affected alveolus following laser
debridement.

Curettage of epithelium at the apical aspect of the
alveolus can also be performed using specialised, right-
angled, equine dental curettes. However, there is a danger
that structural aspects of the alveolar apex can be further
damaged whilst debriding the fistula mucosa, thus enlarging
the defect. Additionally, curettage will always cause
haemorrhage that will drip down over the adjacent
interdental surfaces that may preclude placing a PMMA
prosthesis immediately following curette debridement.

PMMA (acrylic) alveolar plugs

Polymethyl methacrylate alveolar plugs are the least invasive
and safest treatment for oronasal or oro-maxillary fistulae and
should be the first line of freatment (Dixon and Brammer
1997). In the presence of a healthy alveolus, an acrylic plug
firmly retained in place for 4-6 weeks will prevent alveolar
food contamination and thus allow granulation fissue to close
the apical aspect of the alveoli and so successfully freat the

fistula. The primary problem with this technique is an inability
to keep the PMMA plug firmly in position for this length of
time. After this period, the normal rostral and caudal dental
drift of adjacent teeth into the extraction space will compress
the sides of the acrylic plug and usually keep it firmly in
place, sometimes for many years.

A major reason for the failure of PMMA alveolar plug
retenfion is inadequate preparation of the adjacent
interdental surfaces it is attached to. All dental surfaces in the
oral cavity are covered by a biofim (pellicle) consisting of an
organic matrix with myriads of embedded bacteria (Fig 5)
and PMMA cannot effectively adhere to this surface. This
bioflm must be fully removed from the interproximal
(interdental) aspects of the clinical crowns of the two
adjacent teeth, initially by high pressure rubbing with dry
swabs and then, in this clinic, by application of a 40%
phosphoric acid gel for 1-2 min (Fig 6), followed by a
thorough rinsing of these sites with water along with higher
volume lavage of the horse's mouth. The prepared surfaces
should then be fully dried, using compressed air, or with dry
swabs followed by alcohol or PMMA solvent soaked swalbs,
whose contents will quickly evaporate leaving a dry surface.
Other operators prepare the interdental surfaces of adjacent
teeth by cleaning with swabs and then lightly abrading them
with a motorised diastema burr or fine sandpaper, thus
exposing a clean and dry layer of peripheral cementum that
will effectively bind to semi-moist PMMA.

After the above preparation, it is essenfial that some
PMMA be applied immediately and also that the prepared
surfaces should not be allowed fo become contfaminated
with saliva, that will also prevent PMMA adhesion. Some types
of PMMA such as bone cements, may have a less
exothermic reaction during polymerisation than others, such
as some hoof acrylics, and are less likely to cause thermal
insult fo the alveolar bone or the pulp horns of adjacent
teeth. Bis-acryl based composite resins have a lower
exothermic reaction compared to acrylics (Rice ef al. 2012).

A thin layer of semi-liquid PMMA should be placed over
the prepared interdental surfaces and some minutes later
when the remaining PMMA is semi-solid, a 3-4 cm cube of
semisolid PMMA should be placed over the alveolus and
digitally pressed rostrally and caudally onto the existing
PMMA. The PMMA plug should not be compressed into the
alveolus for more than an estimated depth of 2-3 cm. The
occlusal aspect of the PMMA plug should be made hollow
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Fig 4: a) Oral endoscopic image of a fully epithelised chronic nasal fistula. A digitally-held diode laser fibre (arrow) is being used to
debride the more apical aspects of the ingrowing sinus mucosa. This debridement will have to include all the fistula surface. b) Limited
transendoscopic laser (arrow) debridement was performed trans-nasally on the dorso-caudal aspect of the fistula.

Fig 5: Transmission electron microscopic image of the normal biofilm (pellicle) that covers an equine tooth. It is composed of myriads
of bacteria (darker granular structures shown on cross-section) (red arrows) embedded in paler organic matrix (yellow arrows).

Fig 6: a) This horse has a small oronasal fistula at the Triadan 107 site without hard palate involvement but has limited loss of
interproximal alveolar bone over 108. The fistula has been debrided of mucosa and the interproximal areas of the adjacent teeth have
been cleaned and covered with a 40% phosphoric acid gel. b) A polymethyl methacrylate (PMMA) (bone cement) prosthesis has
been attached to 106 and 108 to seal the fistula. Note the absence of occlusally protruding PMMA that is fully attached interproximally

(yellow arrow).
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with full attachment to the inter-dental sides of the adjacent
teeth. The PMMA should never protrude below the occlusal
surface as occlusal pressure will likely cause the plug fo
become dislodged when the horse masticates. Any loose
pieces of PMMA profruding bucally or palatally should be
removed as these will later cause soft fissue trauma when
hardened. If the PMMA becomes too hard and does not
attach firmly, it should be immediately replaced.

In a small proportion of horses, it may not be possible to
retain the PMMA plug using the above fechnique. In such
cases, the PMMA plug can be retained using intra-dental
stainless steel wire reinforcement as described by Gaughan
(1998) and as well illustrated in the accompanying article
(Storms et al. 2020). However, the multiple buccal incisions
required to aftach these wires using the latter fechnique, risks
damaging branches of the buccal nerve or the parotid duct.
A technique using stainless steel wire fo reinforce a maxillary
Triadan 07 acrylic plug can be performed using a single
buccal incision or intracrally by driling between the Triadan

Fig 7: A wire-reinforced acrylic prosthesis attached to Triadan
106 and 108 is covering a debrided fistula at the 107 alveolar site
and also a slight palatal defect. Note the full contact of the
prosthesis at the interproximal sites and also its hollowed-out
occlusal surface to prevent excessive masticatory pressure and
loosening.
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07 and 08 and tightening the wire around the rostral aspect
of the Triadan 06 (Fig 7).

Following the insertion of all acrylic alveolar plugs,
owners should be advised that if their horse suffers any
acute-onset oral discomfort such as quidding, anorexia,
salivation or abnormal head carriage in the following
months, the horse should promptly have an oral
examination because a displaced acrylic plug can cause
marked buccal or lingual soft tissue damage rapidly.
Additionally, the opposite tooth will super-erupt and
elongate into the extraction space and later could displace
the acrylic prosthesis before the alveolus has fully healed.
Therefore such overgrowths on opposing teeth should be
reduced (have odontoplasty).

Oro maxillary fistulas at diastemata

The presence of a deep diastema between the upper
Triadan 9s, 10s and 11s can cause deep periodontal
disease and in some cases (particularly older patients) can
lead to a small oro-sinus fistula (Fig 8). Careful examination
of the inferdental (interproximal) space between these
teeth and the use of a probe may reveal a fistula.
Alternatively, high pressure lavage of the diastema with
lukewarm water using a diastema pump may cause a
nasal discharge of food and/or mucopurulent tinged fluid.
Most of these cases can be successfully freated, initially by
debriding the interproximal space to ensure that all loose
food is removed, including by use of diastema forceps,
Hedstrom files held by a long needle holder and by high-
pressure lavage. After drying the interproximal space
(pressurised air or by using opened surgical swabs on a
diastema forceps), calcium hydroxide paste or baseliner
can be applied deep info the defect and the occlusal
aspect of the diastema can be filled with polysiloxane soft
impression material or PMMA. If facilities are available, filling
this site with endodontic restorative material after a suitable
site preparation is optimal. Treatment of this disorder has
been reported to have a very high success rate (Hawkes
et al. 2008).

Sinoscopy of the maxillary sinuses (fenestration of the
maxillary septal bulla is usually not required) is readily

Fig 8: a) Intraoral view of a horse with chronic, low-grade, mucopurulent right-sided nasal discharge showing a 110-111 diastema
(arrow) with some periodontal food packing also on the palatal aspect of 111. b) Sinoscopy shows a green-tinged mucopurulent
exudate within the right caudal maxillary sinus, and some inspissated pus (black arrow) and food fragments (white arrows). c) Close-up

view showing food particles (white arrows) in affected sinus.
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Fig 9: a) This oronasal fistula has been present for over 12 months following 106 extraction. b) A transverse CT image shows complete
loss of the rostral 106 alveolar bone and a greatly expanded alveolus (formerly containing food material) lying within the nasal cavity

(arrows). (Image courtesy of Richard Reardon).

Fig 10: a) Intraoperative image of horse shown in Fig 9 showing the elevation of a full-thickness hard palate mucoperiosteal flap (star)
using a periosteal elevator. A surgical swab is protruding from the 106 fistula site. b) Tension-relieving sutures have been placed on
both sides of the mucoperiosteal flap (white arrow) along with palatal flap to buccal sutures (yellow arrow). (Image courtesy of Richard

Reardon).

performed via the concho-frontal sinus in these cases and
the affected compartments can be sinoscopically lavaged
and any long pieces of fibrous food (not commonly
present with this disorder) removed with fransendoscopic
forceps.

Fistulas extending on to the hard palate

As noted, an oro-nasal/sinus fistula may extend from the usual
alveolar site to over 3 cm into the hard palate. Wire-
reinforced interdental acrylic prostheses may be extended 1-
2 cm palatally to treat some of these fistulas. However, if
larger palatal defects are present the use of acrylic alveolar
plugs as described above will be ineffective in treating these
fistulae and the following options are possible.

© 2019 EVJ Ltd

Sliding mucoperiosteal flap

A mucoperiosteal sliding flap as described by Barakzai and
Dixon (2005) can be used to close oro-nasal fistulas, including
those with some hard palate involvement. Because horses
are herbivores, they cannot open their mouths very wide and
this surgery cannot be performed per os (unlike in carnivore
or omnivore species) on fistulae located at Triadan 07 alveoli
or more caudally, unless the commissures of the lips are
sectioned (commissurotomy) to allow reasonable surgical
access to the fistula. As much as possible of the oral
epithelium that has migrated into the occlusal aspect of the
fistula and as thick layer as possible of underlying
subcutaneous tissue should be elevated at the buccal
aspect of the fistula to help close the buccal side of the
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Fig 11: a) shows the harvesting of an ear cartilage graft. b) shows the cartilage graft being sutured within an oro-sinus fistula that
formed following extraction of multiple maxillary cheek teeth. c) taken some months later shows the healed fistula, with oral epithelium

now covering the cartilage graft. (Images courtesy of Manfred Stoll).

fistula and thus reduce the tension on the hard palate sliding
flap. If there is extensive scarming at this buccal site, any
elevation of buccal mucosa will be difficulf.

A complete thickness mucoperiosteal hard palate flap
whose buccal aspect is the same width as the alveolus
should then be elevated (Figs 9 and 10). It is desirable to
preserve the greater palatine artery by careful dissection at
this site, which is facilitated in some horses where the artery
lies in a deep bony groove. However, if this dissection
removes too much subcutaneous tissue from  the
mucoperiosteal flap, the flap may dehisce more distally. In
most cases, this arfery has to be ligated on both sides of the
sliding flap.

In order to achieve a tension free sliding flap, the parallel
incisions should be made at least fo the midline of the hard
palate, then widening the flap if it needs to be extended
much further. Before suturing the sides of the flap, one should
ensure that its distal aspect can close the fistula without
excessive tension. Closure of the sides of the flap should be
performed in a buccal direction. It may be helpful to then
place flat acrylic interdental prostheses with a palatal
extension to femporarily protect the flap. Success with this
technique largely depends on achieving a tension-free flap.
This tfechnique is most suitable for a Triadan 06, 07 or 08 fistula
but can be used (with difficulty) as far caudally as the
Triadan 09s.

Ear cartilage graft

Aural cartilage grafts have been successfully used to repair
oronasal/sinus fistula in small animals and this technique has
been described by Stoll (2017) to repair an equine sinonasal
fistula (Fig 11). The cartilage graft which is excised from the
caudo-lateral aspect of the ear via a long verfical incision
should be the same shape and at least one centimetre wider
than the fistula to be repaired. A per os dissection that splits
the oral and nasal/sinus mucosa around the circumference
of the fistula to a depth of 10 mm should then be performed.
The cartilage graft is embedded submucosally around the

defect and sutured intfo position with absorbable sutures. A
buccal mucosa flap was advised by Stoll (2017) to cover and
protect the carfilage graft from the oral environment
although in small animals, such cartlage grafts are left
unprotected.

Bone flap

Easley and Freeman (2016) have described a technique used
to successfully freat a chronic sinonasal fistula at the Triadan
06 position where as noted; an acrylic plug cannot be
effectively used. Using a horizontal dissection plane, the
maxillary bone lateral to the affected alveolus is inifially
identified. A ventrally hinged maxillary bone flap of the same
dimensions as the fistula is cut and bent ventro-medially fo
close the defect. The dissection site for this procedure needs
to avoid branches of the dorsal buccal nerve and the
parotid duct.

Transposition of facial muscles to treat fistula

Treatment of oronasal and orosinus fistula by transposing
facial muscles including the levator nasolabialis muscle (Orsini
et al. 1992) or preferably, the levator labii superior muscle has
been well described by Brink (2006) and Schumacher and
Brink (2011). The transposed muscle is used to physically
occlude the affected alveolus and thus allow permanent
closure of oro-nasal or oro-sinus fistulae. Both of these
procedures involve facial dissection and possibly risk
damaging the dorsal buccal nerve or parotid duct.
Additionally, there will be loss of function of the transposed
muscle and subsequently some cosmetic facial changes
associated with this surgery.

Buccal mucosal flap

Stoll (2017) has also described the use of a dorsally hinged
thick buccal mucosal and submucosal graft to occlude a
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maxillary 207 alveolar fistula. This technique results in the
buccal epithelium facing dorsally towards the nasal cavity.
The loss of interproximal bone may preclude its use and it is
advisable to catheterise the parotid duct prior this
procedure.

Post-operative treatment

Feeding horses a soft diet such as soaked grass or high-fiore
pellets for a week or so may remove some pressure on the
acrylic prostheses or sites of surgical soft tissue repair during
early stages of healing.
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Summary

Traditionally and when using objective gait analysis, horses with
and without lameness are most frequently assessed trotting in
straight lines in hand. Valuable information can be gained from
assessment on the lunge and ridden in walk, trot and canter. No
studies have quantified lameness during all aforementioned
conditions and gaits at once, despite the rapid recent
development in equine gait analysis methods. Objective
methodologies, previously confined to gait laboratories, are
currently being expanded to field technologies using
accelerometers and inertial measurement units (IMUs). This
publication aims to describe normal gait and the spectrum of
pain-related gait abnormalities and other musculoskeletal
adaptations to pain that can be observed in walk, frot and
canter during in hand and ridden assessment in straight lines
and on a circle on hard and soft surfaces. In addition, it aims to
describe briefly how IMUs have been used and areas for further
research in the light of what we know from subjective lameness
examinations and what is possible with IMUs.

Infroduction

Lameness presents one of the most common health problems
in horses (Dyson et al. 2008; Egenvall et al. 2009, 2013a; Sloet
van Oldruitenborgh-Oosterbaan et al. 2010; Greve and Dyson
2014), which justifies the effort invested in objective lameness
quantification (Keegan et al. 2004; Pfau et al. 2005; Rhodin
et al. 2016). Freedom from lameness in straight lines is not a
reliable indicator of the absence of musculoskeletal pain
(Licka et al. 2004; Dyson and Greve 2016). Lameness
examinations should ideally include assessment in hand, on
the lunge in walk, frot and canter with associated transitions
on both the left and right reins, and also ridden unless the
horse is too lame (Dyson and Greve 2016). However, there
have been no studies quantifying lameness during all
aforementioned conditions and gaits at once. Other reviews
on equine gait analysis have been published (Clayton 1991;
Barrey 1999; Keegan 2007; Weishaupt 2007; Hobbs et al. 2010;
Pfau et al. 2016a), but this review of the literature and
discussion based on extensive clinical experience of
lameness investigation aims to (1) describe the gaits of non-
lame horses; (2) describe the spectrum of pain-related gait
abnormalities and other musculoskeletal adaptations to pain
that can be observed in hand in straight lines, on the lunge
on hard and soft surfaces and ridden; (3) describe how
inertial measurement units (IMUs) have been used and how
they may enhance lameness recognition; (4) discuss areas for

further research in the light of what we know from subjective
lameness examinations and what is possible with IMUs.

To comprehensively describe the specfrum of pain-
related gait abnormalities and other musculoskeletal
adaptations to pain; it is necessary to review biomechanical
studies of experimentally-induced lameness, observational
studies of both non-lame horses assessed under a variety of
different movement conditions and natfurally occurring
lameness. There is insufficient description of how normal
horses move under a variety of circumstances e.g. in hand,
on the lunge and ridden and on different surfaces.

How should a horse free from lameness move?

Non-lame horses in frot in straight lines have highly
symmetrical peak vertical forces, stance durafions and
stance impulses (the integral of a force over the time interval
for which it acts) of the limbs during the left and right
diagonal stance phases (Merkens et al. 1993a; Weishaupt
et al. 2004b). Twelve non-lame horses were assessed at trot in
straight lines, with an accelerometer placed at the level of
the 13th thoracic vertebra (Halling Thomsen et al. 2010a).
There was a high degree of overall left/right symmetry of
dorsoventral trunk acceleration, of loading of the left and
right diagonal pairs of limbs and in the symmetry of the
temporal phase of the left/right diagonal stance phases
within a stride. The hindlimbs should track up at both walk
and frot, with the hindlimbs following the tracks of the
forelimbs (i.e. on two tracks) (Jonsson et al. 2014; Dyson 2016).
The trot has two periods of suspension, with a sinusoidal
pattern of dorsoventral movement of the head and frunk,
with two oscillations per stride (Buchner et al. 1996b; Faber
et al. 2000; Warner et al. 2010; Greve ef al. 2017a). There
should be symmetry of head nodding and the movement of
the tubera sacrale (Merkens et al. 1993a). The horse’s trunk
should be more or less vertical when walking, trotting or
cantering in straight lines (Clayton 1994a,b, 1995; Dyson
2016).

On the lunge, there is increased duty factor (increased
stance/stride time) for the inside forelimb (Hobbs et al
2011) and measurable asymmetry of hindlimb  gait
mimicking hindlimb lameness (Rhodin et al. 2013). When
turning, the horse should lean into the circle (Clayton and
Sha 2006; Hobbs et al. 2011), according to the radius of
the circle and speed (Pfau ef al. 2012) and the level of
training (Greve and Dyson 2016). A decrease in radius
requires more lateral bending (the body rotation about the
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vertical axis; Table 1) and thus greater musculoskeletal
effort to generate this bend (Clayton 2012). In a study of
13 non-lame dressage horses, selected based on a
comprehensive lameness examination including flexion tests
and assessment in hand, on the lunge and ridden, horses
<6 years of age leant more than predicted into a circle
during lungeing than older horses (Greve and Dyson 2016).
Horses which scored >7 in ridden work-quality using a 0-10
FEI dressage scale, leant less than predicted compared
with horses that scored <é.

When ridden, based on the aims of correct
biomechanical training of locomotor responses in dressage
and eventing, the horse should ideally work ‘on the bit’
(Henriquet 2004). A horse is said to be on the bit when ‘the
neck is more or less raised and arched according to
the stage of training and the extension or collection of the
pace, accepting the bridle with a light and consistent soft
submissive contact. The head should remain in a steady
position, as a rule slightly in front of the vertical, with a
supple poll as the highest point of the neck, and no
resistance should be offered to the Athlete’ (FEI Dressage
Rules 2016). The position should be maintained without
strong permanent pressure (Mclean and McGreevy 2010).
The horse should flex, extend and rotate the thoracolumbar
vertebral column (Table 1) without any tension (spasm) of
the epaxial muscles (Johnston ef al. 2002, 2004; Clayton
2004, 2012; Wennerstrand et al. 2004; van Weeren 2007,
2013; van Weeren et al. 2010). The horse should be willing
to go forwards, be pushing energetically with the hindlimbs
with satisfactory impulsion and engagement for the type of
horse, producing propulsive forces by flexing the
lumbosacral joint (Clayton 2004, 2012; Dutto et al. 2006;
Dyson 2016). ‘Impulsion is the term used to describe the
fransmission of an eager and energetic, yet confrolled,
propulsive energy generated from the hind quarters info
the athletic movement of the horse. Its ultimate expression
can be shown only through the horse’s soft and swinging
back guided by gentle contact with the Athlete’s hand’
(FEI Dressage Rules 2016).

Laterality — can a pain-free non-lame horse
move asymmetrically?

Handedness or laterality describes the preference of one side
of the body or limb compared with the other and is well-
recognised in man and animals (McGreevy and Rogers 2005;

TABLE 1: Rotational and translational movements

Rotational movement
Axial rotation Rotation around the x-axis (craniocaudal axis)
or roll

Flexion— Rotation around the y-axis (lateral-lateral axis
extension or fermed mediolateral axis) or pifch
Lateral Rotation around the z-axis (dorsoventral axis)
bending or yaw/heading

Translational movement
Dorsoventral Displacement at the vertical axis [z-axis]

Lateral-lateral Displacement at the lateral-lateral axis [y-axis]
also fermed mediolateral axis or
side-to-side movement

Displacement at the long axis [x-axis] aligned

with the horse, forward-backward

Craniocaudal
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van Heel et al. 2006, 2011; McGreevy and Thomson 2006;
Abrams and Panaggio 2012). The majority of humans are
right-handed (Abrams and Panaggio 2012). Tradifionally,
riders handle horses from the left side, which may influence
the laterality observed in adult horses (Farmer et al. 2010).
Foals exhibited no left vs. right preference, whereas young
horses (2 years of age) showed higher frequency of motor
laterality (Lucidi ef al. 2013). This was measured as the
direction of cutting into a circle as an indicator of motor bias
to the right compared with the left, despite bilateral handling
of both groups prior to the assessments. Healthy non-pain-
related gait in man can be asymmetrical (Nardello et al.
2009).

It was recently shown that minor left vs. right asymmetries
(up 1.8 cm) of dorsoventral movement of the fubera coxae
in straight lines could be measured in horses with no
subjective  signs of gait abnormalities related fo
musculoskeletal pain detected in hand, on the lunge and
ridden (Greve and Dyson 2016). Horses were selected for
inclusion based on visual assessment by a lameness expert.
The horses exhibited no facial signs of discomfort (e.g. ears
back, a fixed stare or mouth open [Mullard et al. 2017; Dyson
et al. 2017a] or other behavioural signs of pain [Dyson et al.
2017b, 2018]). The horses were willing to work, and remained
the same with changes in speed, during fransitions and when
assessed under different movement conditions (Dyson 2014),
consistent with the absence of lameness (Johnston et al.
2004; Clayton 2014). They moved with a high degree of
symmetry in the thoracolumbosacral region, with good range
of rotational and franslational motion and did not try to avoid
self-carriage or working on the bit (Greve et al. 2017a). The
horses leaned similarly on the left and right reins on a circle
(Greve and Dyson 2016) and pushed energetically with the
hindlimbs, with safisfactory impulsion and engagement
producing propulsive forces by flexing the lumbosacral joint
(Dyson 201¢6; Greve 2016) and were noft resistant if asked to
perform more collected work. There was no indication that
the measured asymmetries were pain related and it is
assumed that they could reflect functional motor laterality. If
the observed asymmetry is non-pain-related, it would be
unlikely to change with diagnostic analgesia (Keg et al.
1996). It is potentially unreliable to rely on a single parameter
(e.g. tubera sacrale asymmetry >3 mm [Keegan et al. 2011])
to determine if a horse has a painful musculoskeletal disorder.
There appears to be a ‘grey zone' of horses that move
asymmetrically due fo functional motor laterality (Wiggers
et al. 2015). Assessment of as many parameters as possible
should improve the robustness of the decision of whether a
horse has a pain-related gait abnormality..

The biomechanics of lameness

The definition of lameness has recently been debated (van
Weeren et al. 2017; Bathe et al. 2018) but can perhaps be
simplified as ‘a clinical sign, a manifestation of pain or a
mechanical defect, that results in a gait abnormality
characterised by limping’ (Ross 2011a). Forelimb lameness is
characterised by an asymmetrical head nod. There was
decreased dorsoventral movement of the head during the
lame stance phase and increased movement during the
non-lame stance phase in 11 Dutch Warmblood horses with
experimentally induced unilateral pain causing forelimb
lameness during the stance phase (Buchner ef al. 1996b).
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There was also a reduction in vertical acceleration of the
head, associated with a lower minimum head position during
the non-lame forelimb stance compared with the lame
forelimb stance.

During both experimentally induced unilateral pain
causing hindlimb lameness during the stance phase (Buchner
et al. 1996b) and naturally occurring hindlimb lameness (May
and Wyn-Jones 1987; Buchner et al. 1993), the whole pelvis
exhibited less lowering (Fig 1) during the stance phase of the
lame limb and less liffing (Fig 2) just after the stance phase of
the lame Ilimb. However, there is increased vertical
displacement of the tuber coxae on the side of the lame
limb compared with the contralateral limb (May and Wyn-
Jones 1987) (Fig 3), so that with right hindlimb lameness, the
vertical motion of the right tuber coxae during right hindlimb
stance phase is diminished or absent and increased during
the left hindlimb stance phase (May and Wyn-Jones 1987;
Buchner 2013). The pelvis appears to rotate towards the lame
side and the whole pelvis moves up less after the lame
hindlimb stance compared with the sound hindlimb stance
(Buchner et al. 1993, 1996b) (Fig 4). Newton's second law of
physics, that force is the product of mass times acceleration,
explains why lame horses experience a decreased peak
vertical ground reaction force (GRF) in the lame limb by
reducing the vertical acceleration of the tfrunk, head and
pelvis during the lame limb stance phase (Buchner ef al.
1996b; Pfau et al. 20160).

Hindlimb lameness may induce a head nod and, less
frequently, forelimb lameness may induce asymmetrical
movement of the tubera sacrale (Weishaupt et al. 2004a,
2006; Kelmer et al. 2005; Rhodin et al. 2013; Dyson 2014).
Previous studies were restricted to unilateral lameness in
unridden horses in hand in straight lines with pain during
the stance phase (May and Wyn-Jones 1987; Buchner et al.
1993, 1996a,b; Vorstenbosch et al. 1997). These studies did
not investigate lungeing exercise or ridden horses, or those
with lameness in more than one limb. On the lunge with
experimentally induced unilateral hindlimb lameness, it was
concluded that when the lame limb is on the outside, the
horse may appear symmetrical (Rhodin et al. 2013),
because the natural circle-induced asymmetry of the
hindlimbs cancels out the lameness, whereas the lameness
may be accentuated when the lame hindlimb is on the
inside of the circle + head nod. The results cannot
be generalised to naturally occurring lameness in which
lameness may appear worse with the lame hindlimb on
the outside of a circle, or fo horses with lameness in
more than one limb. Lameness may result in reduced
metacarpophalangeal  or  metatarsophalangeal  joint
extension of the lame limb, which is proportional to a
decrease in vertical GRF of the lame limb, or increased
fetlock extension because of compromised function of the
suspensory apparatus. This may be easier to appreciate in
walk than trot (Riemersma et al. 1988; Buchner et al. 1996a;
Clayton 2014) because of the relatfively longer stance
phase of each step compared with faster gaits (Clayton
et al. 2013).

What can be learnt from visual and objective
observation of the whole horse?

Most studies have focussed on unilateral forelimb and
hindlimb lameness, whereas in reality, it is common to have
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Fig 1: MinDiff. Movement of the tubera sacrale of a horse with
right hindlimb lameness. The stride curve shows the average
movement of 36 strides of the tubera sacrale. The grey boxes
illustrate the approximate time of mid stance (centred around the
lowest point) during LH and RH or during RF and LF stance. Solid
grey line = mean; light grey shading =s.d. MinDiff is the
difference in the minimum height (the lowest point of the trunk
near midstance) of the left and right hindlimb stance phases. The
whole pelvis exhibited less lowering during the stance phase of
the lame limb (right hindlimb) compared with the sound hindlimb
(left hindlimb). The figure is stylised, with the horse appearing
smaller in the left image, to demonstrate the principle of
measurement of MinDiff.

bilateral forelimb or hindlimb lameness or coexistent forelimb
and hindlimb lameness (Buchner et al. 1995; Dyson and
Murray 2012; Greve and Dyson 2014; Barstow and Dyson
2015; Maliye et al. 2015; Braganca et al. 2016; Maliye and
Marshall 2016). It is acknowledged that many of the
subjective observations cannot be measured, but repetitive
and consistent observations among lame horses by lameness
clinicians and alterations in these observations following
resolution of pain with diagnostic analgesia add weight to
their veracity.

Walk and ftrot in straight lines

Some observations (e.g. foot placement, metacarpo-
phalangeal joint extension) of a lame horse are easier to
appreciate at the walk because of the slower footfall
compared with tfrot (Clayton et al. 2013). Trot is suitable for
detfecting asymmetries associated with lameness, because it
is a symmetrical gait (Hildebrand 1965), implying equal steps
and forces in the contralateral limbs (Clayton 2014). Lame
horses decrease structural stress by moving with a flatter
trajectory (less suspension) and increase stance duration of
the affected limb, thus spreading the force over a longer
period (Clayton 1986, 2014; Buchner et al. 1996a.,b; Clayton
et al. 2000; Weishaupt et al. 2004b, 2006); although with
severe lameness, the stance duration may not increase.
However, since forces are not visible to the human eye, it is
the alterafions in movement that form the basis of lameness
examinations (Clayton 2005, 2014).
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Fig 2: MaxDiff. Movement of the tubera sacrale in a horse with
right hindlimb lameness. The stride curve shows the average
movement of 36 strides of the tubera sacrale. Solid dark grey
line = mean:; light grey shading = s.d. The grey boxes illustrate the
approximate time of mid stance (centred around the lowest
point) during LH and RH or during RF and LF stance. MaxDiff is the
difference in the maximum height (the highest point of the trunk
during the suspension phase of the left hindlimb [non lame]) and
the maximum height (the highest point of the trunk during the
suspension phase of the right hindlimb [lame]). The whole pelvis
exhibited less lifting just after the stance phase of the lame limb.
The figure is stylised, with the horse appearing smaller in the right
image, to demonstrate the principle of measurement of MaxDiff.

If a horse has bilaterally symmetrical forelimb or hindlimb
lameness, there is less suspension after both diagonal stance
phases, which may be manifest merely as short steps and
rigidity (Buchner et al. 1995; Braganca et al. 2016; Greve
et al. 2017a). Failure to push actively with the hindlimibs results
in lack of hindlimb impulsion and engagement (Clayton 2014;
Dyson 2016). Horses with hindlimb lameness had significantly
lower vertical peak force in the lame limb compared with the
contralateral imb and compared with ataxic and non-lame
horses (Ishihara et al. 2009).

Lameness examinations should ideally always include
assessment from the side, from behind and as the horse
moves towards the observer. The perspective from which
horses were assessed is offen not mentfioned (Keegan ef al.
2010; McCracken et al. 2012). From the side, it may be easier
to assess how well the horse pushes from behind, the height
of arc of the foot flight of each limb, whether there is toe
drag of one or more limbs and the degree of extension of
the metacarpophalangeal and metatarsophalangeal joints
(Riemersma et al. 1988; Buchner et al. 1996a; Clayton 2014;
Dyson 2016). It is important fo listen to the regularity of rhythm,
the presence or absence of toe drag, the sound of fooftfalls
which may reflect GRF and the left right symmetry of sound,
bearing in mind that different foot shapes (e.g. asymmetrical
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Fig 3: Hip hike difference (HHD). Movement of the left and right
tubera coxae in a horse with right hindlimb lameness during a)
the midstance of the left hindlimb (non-lame limb) and b) the
midstance of the right hindlimb stance (the lame limb). The stride
curve shows the average movement of 36 strides of the right
tuber coxae (RTC). The grey boxes illustrate the approximate time
of mid stance (centred around the lowest point) during LH and RH
or during RF and LF stance. Solid dark grey line = mean; light grey
shading = s.d. The RTC reaches a lower height during the
contralateral (left hindlimb/non-lame hindlimb) than during the
right hindlimb (lame hindlimb stance). During the non-lame
hindlimb stance phase, there is increased pelvic movement more
obvious on the lame side (RTC), because of an increased force
(the large white arrow), greater extension of the left
metatarsophalangeal joint, more rotation of the pelvis and
increased push-off. During the lame hindlimb stance phase, there
is reduced pelvic movement, because of a small amount of force
(the small white arrow), reduced extension of the right
metatarsophalangeal joint, a very litle amount of rotation of the
pelvis and reduced push-off.

front feet) and limb lengths can have an influence. From
behind, the movement symmetry of the hindquarters is
commonly assessed (Fuller et al. 2006; Hewetson et al. 2006;
Greve and Dyson 2013a, 2014). Paradoxically, asymmetrical
movement of the tubera sacrale and tubera coxae may
sometimes be easier to evaluate as the horse comes tfowards
the veterinarian, particularly if a high tail carriage obscures
the tubera sacrale (May and Wyn-Jones 1987; Ross 2014;
Dyson 2016). A horse with unilateral gluteal muscle atrophy or
with asymmetry in height of the tubera sacrale may
potentially confound interpretation (Dalin et al. 1985; Dyson
2016). Placing markers on the tubera coxae may facilitate
interpretation (May and Wyn-Jones 1987). Compared with
walking, trotting is a faster gait; thus, the limbs are loaded
more during the stance phase and the limbs have to flex
more during the suspension phase (Clayton ef al. 2013).
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Fig 4: Hip hike differences (HHD) in a non-lame and a lame horse. Movement of the left and right tubera coxae during an average of
36 strides in a) a sound horse and b) a horse with right hindlimb lameness. The sitride curve shows the average movement of 36 strides
of the right and left tuber coxae. Solid dark grey line = mean; light grey shading = s.d. The boxes indicate the lame hindlimb stance
phase. Hip hike differences (HHD) are defined as the difference in the upwards amplitude of the left tuber coxae (LTC) during the
contralateral hindlimb stance (LTC Amp2) minus the upwards movement amplitude of the right tuber coxae (RTC) during the
contralateral hindlimb stance before touchdown of the right hindlimb (RTC Ampup 1) [HHD = LTC Amp2 - RTC Ampl]. Hip hike
difference compares movement amplitudes between the LTC and RTC (May and Wyn-Jones 1987) and it is the most sensitive
parameter for change after improvements in gait by diagnostic analgesia (Pfau et al. 2014).

Horses with hindlimb lameness may decrease the flexion of
the lame limb, sometimes resulting in audible and visible toe
drag. Toe drag may also occur because the pelvis rises less
after push-off by a painful hindlimb. The horse has to flex the
hindlimb more or the toe will drag on the ground. However,
toe drag is not always abolished following resolution of
lameness affer diagnostic analgesia (Ross 2011b; Dyson et al.
2018), perhaps because of alterations in neural feedback
loops and loss of gait stability which may persist when pain
has resolved (Hassan ef al. 2002; Terrier ef al. 2013; Van den
Hoorn et al. 2015a,b).

Horses with hindlimb lameness also adapt in a variety of
other ways. A horse may consistently drift to one side, usually
towards the side of the least lame or sound hindlimb,
effectively moving on three tracks, which may decrease the
magnitude of the observed pelvic displacement (Ross 2014).
The lame hindlimb may be swung in under the trunk during
protraction and then be moved outwards, to be placed on
the ground in line with the ipsilateral forelimb. A horse may
move with either a base-wide or a base-narrow hindlimb
stance, sometimes crossing the hind feet during protraction
(plaiting) (Barstow and Dyson 2015). Horses with desmopathy
of the accessory ligament of the deep digital flexor fendon
of a hindlimb may have an inability to load the heel fully or
may intermittently knuckle the metatarsophalangeal joint
(Eliashar et al. 2005).

Subjective and objective observations indicate that
forelimb lameness may influence hindlimb gait and hindlimb
lameness may alter forelimb gait (Rhodin ef al. 2013; Maliye
et al. 2015; Maliye and Marshall 2016). Why of two horses with
a similar degree of hindlimb lameness, one may exhibit a
head nod and the other does not merits further investigation.
By assessing a horse in straight lines and on circles, it may be
possible to differentiate between genuine coexistent forelimb
and hindlimb lameness and an apparent head nod or croup
asymmetry that is secondary (Ross 2014; Dyson 2016).

Lungeing

During lungeing, speed and the radius of the circle influence
the symmetry of the trot. Small circle diameter and/or fast
frotting speeds result in an asymmetric motion pattern that
mimics lameness of the inside hindlimb (Pfau et al. 2012;
Starke et al. 2012a; Halling Thomsen et al. 2014). Many, but
not all, forelimb lamenesses are accentuated on a circle
(Parkes et al. 2013). A retrospective study of 702 horses with
pain localised to the foot demonstrated that 73% were lamer
on the lunge on a firm surface compared with a soft surface
(Parkes et al. 2013). On a firm surface, all the horses had a
higher median lameness grade when the lamest limb was on
the inside of the circle, which may be related to a greater
limb angle of the inside limb on a firm surface compared with
the outside limb and thus a greater stress on the foot
(Chateau et al. 2005; Hobbs et al. 2011).

Body lean on a circle is normal (Pfau et al. 2012).
However, lameness may modify the horse's body posture with
a tendency to lean in, so that the body is no longer
perpendicular to the ground (Brocklehurst et al. 2014) (Fig 5),
which may render evaluation of the symmetry of the
hindguarters more difficult. In a study of 13 lame horses, it was
demonstrated that some horses adapt to lameness by
increasing body lean on one rein compared with the other
during lungeing (Greve et al. 2018). Following improvement in
lameness using diagnostic analgesia, body lean became
more symmetrical between reins. It is well-documented in
the human literature that pain may be detrimental to
the motor (movement, strength, activation) and sensory
(proprioception, balance) components of muscle function
(Hassan et al. 2002; Hirata ef al. 2011; Zhang et al. 2015). It is
possible that different trunk leaning patterns, limb inclinations
and limb flexion patterns alter limb forces and reduce pain.

A horse with hindlimb lameness may break to canter
(Dyson and Murray 2003) if it is asked to move faster with
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bigger steps in tfrot, rather than increase the step length
(Clayton 1994b). Overt lameness is rarely seen in canter;
however, evaluation in canter may provide useful information
(Dyson and Murray 2003). Canter is an asymmetrical gait, in
which the hindlimbs are flexed simultaneously, and the
flexion-extension motion of the vertebral column, particularly
the lumbosacral joint, contributes to changes in stride length
(Clayton 1994a). Close placement of the hindlimbs spatially
and temporally (so-called ‘bunny-hopping’) in canter can be
seen in horses with hindlimb lameness (Dyson and Murray
2003; Clayton 2014; Dyson 2016). This may result in more even
load bearing between the two hindlimbs, to minimise the
vertical forces experienced in the lame limb. However, other
horses place the hindlimbs further apart than normal.
Maintaining a croup high posture in a downward fransition
may reflect bilateral hindlimb lameness to facilitate a
dynamic mechanism for shifting weight cranially in horses
with induced hindlimb lameness in frot (Rhodin et al. 2013;
Clayton 2014). Limb forces determine the cost of locomotion
and the load experienced by musculoskeletal structures
(Kram and Taylor 1990), which may explain why some horses
adapt fo pain by trying to avoid high forces in a painful limb
and thus may spontaneously break from canter to trot,
become disunited (i.e. the horse changes the leading and
frailing hindlimbs but not the forelimbs) in canter or change
leading forelimbs. The gait may become four-time because
of the disassociation of landing of the diagonal placement of
the trailing forelimb and leading hindlimb (Dyson and Murray
2003), or the suspension phase may be lost.

Fig 5: A horse with multilimb lameness or a low-grade lameness
may not show an overl lameness in hand. The horse’s
performance may be compromised on the lunge and when
ridden exhibiting restricted range of movement of the
thoracolumbar region. On the lunge, as shown in this picture, the
horse may lean the body inwards, avoid bending of the trunk
and look to the outside, while the inside hindlimb crosses in under
the trunk towards the contralateral forelimb during protraction.
This may well be a manifestation of lameness (Dyson 2016) but
can be described subjectively and can be quantified objectively
if, for example, symmetry and range of motion of translational
and rotational motion of thoracolumbosacral movement are
measured and body lean angle determined.
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Transitions between gaits

Transitions between gaits in mammals occur to reduce the
peak forces and thus the mechanical stress on the
musculoskeletal system (Farley and Taylor 1991). An increase
in speed without changing gait requires greater energy
expenditure per unit time measured as rates of oxygen
consumption (Hoyt and Taylor 1981). The ability of the horse
to perform a clean transition between walk and trot was
significantly associated with the level of training of the horse
(Argue and Clayton 1993a). Transitions between trof and
canter were performed without intermediate steps (Argue
and Clayton 1993b). It is a common clinical observation that
some horses with hindlimb lameness may jump into trot from
walk rather than perform smooth fransitions; however, it
remains to be investigated using objective methods how
different sources of musculoskeletal pain influence transitions.

Stumbling

Stumbling on forelimbs or hindlimbs is quite a common
observation in lame horses but has received little
investigation. It is well-documented in human beings that, in
the presence of musculoskeletal pain, there may be
alterations in neural feedback loops and loss of gait stability
(Terrier et al. 2013; Van den Hoorn ef al. 2015a,b) and it is
possible that the same occurs in horses. In both people and
horses, the propensity fo stumble is higher at slower speeds.

Ridden

Ridden lameness in trot

Lameness, particularly in the hindlimbs, may not be
detectable or only mild in hand and on the lunge and
assessment of the horse ridden may be crucial to identify or
accentuate lameness (Licka et al. 2004; de Cocqg et al.
2009; Barstow and Dyson 2015; Dyson and Greve 2016;
Dyson and Rasoffo 2016). However, examination ridden is
not a substitute for assessment in hand and on the lunge,
because some lamenesses are only apparent in hand and/
or on the lunge. In rising frot, naturally occurring hindlimb
lameness is usually accentuated when the rider sits on the
diagonal of the lame hindlimb; however, the patterns for
forelimb lameness are less consistent (Licka et al. 2004;
Greve and Dyson 2013b; Robartes et al. 2013; Dyson 2014;
Martin ef al. 2016). Lameness may only be apparent riding
consecutive 10 m diameter circles to the left and fo the
right due to the weight of the rider and the increased
biomechanical forces in circles (Licka et al. 2004; Chateau
et al. 2005). Some horses may slow the rhythm when
uncomfortable (Back et al. 1993; Clayton 2014), whereas
others become tense and accelerate (Dyson ef al. 2017b,
2018). Lameness may also be altered by whether the horse
is ridden on a long rein or to a contact i.e. with rein tension
(Dyson and Rasotto 2016). Horses with hindlimb lameness
may resist trotting up an incline because the vertical and
propulsive forces in the hindlimbs are increased (Dutto et al.
2004b). However, a horse with forelimb lameness may resist
trotting downhill, probably due to the high braking forces
experienced in the forelimbs, as shown in non-lame dogs
(Lee 2011).

The influence of collection and lateral movements

In some instances, lameness is only evident during maximum
collection or in specific movements ridden such as shoulder-
in, travers, half pass, canter pirouettes and flying changes
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(Dyson 2009, 2016). The biomechanical features of collection
included a slower forward moving velocity, increased
inclination of the pelvis, increased flexion of the vertebral
column at the Ilumbosacral junction, and increased
angulations of the hindlimb joints (Holmstrom et al. 1995a.b;
Weishaupt et al. 2009; Egenvall et al. 2013b). Collected trot
has higher stride impulses than working tfrot and the higher
degree of collection, the more pronounced shift in impulse
towards the hindquarters, indicating increased weightbearing
function of the hindlimbs (Weishaupt et al. 2009). Compared
with passage and collected trof, piaffe has even more
inclination of the pelvis during the entire stride cycle
(Holmstrom et al. 1995a,b). During lateral movements such as
shoulder-in and travers, the horse moves with the body in an
orientation in which the long axis of the horse is not aligned
with the direction in which the horse is moving. This induces
significant differences in the forces applied to a horse's
thoracic region compared with moving in straight lines, as
measured using a force mat underneath the saddle (de
Cocq et al. 2010).

Canter in the ridden horse and flying changes

Horses with pain may be resistant to canter or may be unable
to collect or extend the canter (Clayton 1994a). Change in
movement of the thoracolumbosacral region may alter the
forces translated via the saddle to the rider, altering
movement of the rider’'s pelvis. A bilateral forelimb lameness
may be evident as a short-stepping, jarry canter (there is a
high impact fransmitted through the rider’s seat and back) in
order to minimise the vertical forces experienced in the lame
limbs (Dyson 2013; Clayton 2014). In many equestrian
disciplines, horses are taught to change leads in canter
initiated from the hindlimbs during the suspension phase
‘flying changes’ (Clayton 1994a; FEI Dressage Rules 2016) i.e.
‘the horse changes from canter with one forelimb leading
(e.g. right forelimb) to canter with the other forelimb leading
(e.g. left forelimb) during the suspension phase of the stride’
(Dyson 2016). In canter, tarsal and metatarsophalangeal
joints of the trailing hindlimb were more loaded than those of
the leading hindlimb (Back et al. 1997); however, GRF was
higher in the leading hindlimb (Merkens et al. 1993b). Limb
forces determine the cost of locomotion and the load
experienced by musculoskeletal structures (Kram and Taylor
1990). Canter is initiated by the fraiing hindlimb which
fransiently bears weight alone. This may explain why some
horses may adapt fo pain by not wanting fo perform flying
changes or not wanting to canter correctly on one rein.

Adaptations of thoracolumbosacral movement

Altered movement of the thoracolumbosacral region has
frequently been afttributed to pathological changes in the
thoracolumbosacral region. However, lameness can induce
similar symptoms (Gémez Alvarez et al. 2007, 2008; van
Weeren 2007; Dyson 2009, 2011; Greve et al. 2017b). The
tendency of the saddle to consistently slip to one side may
be a manifestation of hindlimb lameness (Greve and Dyson
2013a, 2014), with the saddle usually slipping to the side of
the lame(r) limb, but sometimes slipping fo the side of the
non-lame or less lame limb (Greve and Dyson 2013a).
Presumably this reflects altered thoracolumbar movement. In
sitting trot compared with rising trot, a horse with primary
back pain often adapts by further reducing the movement of
the thoracolumbosacral region (Dyson 2009, 2016). A lame
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horse with secondary altered thoracolumbosacral ROM may
show no change in sitting trot compared with rising trot
(Dyson 2009, 2011).

Lameness and jumping

Some horses show signs of musculoskeletal pain, but not overt
lameness, such as unwilingness to land from a jump with the
left forelimb leading in canter, with subclinical right forelimb
lameness because of the larger ground reaction force in the
trailing forelimb on landing (Schamhardt et al. 1993), larger
peak flexor joint moments in the distal limb joints (Meershoek
et al. 2001) and high maximal vertical deceleration (Hernlund
et al. 2013). Alternatively, if lame on the right forelimb, the
horse may jump to the right, still landing with the correct
lead, but placing the non-lame left forelimb between the two
hindlimbs to redistribute load (Dutto et al. 2004a; Dyson 2016).
In association with subclinical hindlimb lameness, a horse may
jump crookedly across a fence with the hindlimbs drifting
towards the lame limb (Benoit 2006). One hindlimb generates
4.5 times more work lifting off for a jump compared with
walking (Clayton et al. 2001; Dutto et al. 2004q).

Behavioural changes in ridden horses reflecting
musculoskeletal pain

Leaning on the bit, taking an uneven contact, filting the
head, opening the mouth, tfongue lolling, raising the head,
becoming over bent, ears back, sfiffness in the neck or
thoracolumbosacral region, crookedness, difficulties to turn in
one direction, reluctance to go forwards or undue hurmying,
evasiveness and spookiness can all be the manifestations of
lameness (Dyson et al. 2017a,b, 2018). When pain is abolished
by diagnostic analgesia, there is often a complete
fransformation of willingness to work, balance, engagement,
impulsion and quality of contact with the bit, emphasising the
degree of pain that the horse had been experiencing (Dyson
2009, 2011, 2014, 2016; Dyson et al. 2017a, 2018).

What are the limitations of subjective assessment
of gait?

Veterinarians vary in their ability both to detect and fo grade
lameness seen in straight lines and subjective evaluation of
lameness using numerical grading systems are only marginally
acceptable for lameness of mild severity (Keegan et al. 1998,
2010; Arkell et al. 2006; Fuller et al. 2006; Hewetson et al.
2006). Infraobserver agreement is generally better than
interobserver agreement (Keegan et al. 1998). However,
these studies had limitations because the horses were not
assessed from the side or at different gaits. In addition, the
variability could also be related to the inadequacy of fraining
of the veterinarians of what to look for, the lack of practice in
the application of grading schemes, the variety of grading
schemes used (Dyson 2011, 2014) and bias. In one study,
veterinary students’ assessment of lameness was improved
through the use of video tutorials including freeze frame, slow
motion and audio (Barstow et al. 2014). Our ability to detect
asymmetry of movement of the hindquarters may be limited.
A computer model was devised to determine the ability of
inexperienced assessors and experienced clinicians to assess
asymmetry between two objects and naturally occurring
lameness by evaluating the movement of the tubera coxae
(Parkes et al. 2009). The experienced clinicians performed
better than the inexperienced observers with the data from
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naturally occurring lameness (Parkes et al. 2009), although
even with real laomeness-based data asymmetries in
movement of <25% were not defected. However, in a more

recent study of so-called normal horses, assessed by
veterinarians with a range of experience, and also
objectively using IMUs, an expert was able to detect

asymmetries of 10% (Starke et al. 2012b).

In a comparison of subjective and objective gait
evaluations (Keegan et al. 2013), evaluators agreed on
classification  of horses into three mutually exclusive
lameness categories (right limb lameness severity greater
than left limb lameness severity, left limb lameness severity
greater than right limb lameness severity or equal right and
left limb lameness severity) for 58.8% (x = 0.37) and 54.7%
(k =0.31) of horses for forelimb and hindlimb lameness,
respectively. All IMU results for forelimb and hindlimb
lameness were positively and significantly correlated with
the results of the subjective evaluations. Agreement
between objective and subjective evaluations was fair to
moderate for forelimb lameness and slight to fair for
hindlimb lameness. When forelimb lameness of variable
degrees was induced experimentally, asymmetry was
detected using IMUs at a lower sole pressure than the
consensus  opinion of three experienced clinicians
(McCracken et al. 2012).

How can IMUs help us discriminate between
non-painful and painful gait asymmetry?

There are several commercially systems available for objective
gait assessment in the field: a uniaxial accelerometer to

measure acceleration (Keegan et al. 2004); a friaxial
accelerometer to measure vertical acceleration (Halling
Thomsen etal.  2010a,b); and combined  triaxial

accelerometers, gyroscopes and magnetometers (IMUs) to
measure movement in six degrees of freedom (Pfau ef al.
2005). IMUs have been attached fo the head, the tubera
sacrale and the tubera coxae for lameness assessment (Pfau
et al. 2007, 2012, 2013, 2014, 2016b; Starke et al. 2012a,b).
Additional IMUs have been placed on the dorsal midline for
quantification of thoracolumbosacral movement (Pfau et al.
2005; Warner et al. 2010; Martin ef al. 2014; Heim et al. 2016;
Greve et al. 2017a,b). Addition of a withers’ sensor may
facilitate differentiation between forelimb and hindlimb
lameness (Braganca 2017; Rhodin et al. 2018). Uniaxial
accelerometers may be useful for assessment of unilateral
lameness (Rhodin ef al. 2013). There are limitations to the time
resolution of the human eye (10-15 samples per second)
(Sweet 1953; Nasdnen et al. 2006). To prevent errors in
detection of signal amplitude, it is recommended that the
sample frequency is five times the frequency of the event
being detected (Winter 1982). This means that the human
eye's time resolution is just enough, but borderline for what is
necessary (Keegan 2011) if a horse trots at 4 m/s, because it
will then take 1.5 strides/s (Keegan et al. 2001). An objective,
precise and accurate method to detect asymmetries below
the threshold of the human eye is certainly justifiable (Parkes
et al. 2009).

The use of IMUs provides objective, reproducible data
(assuming that the lameness does not alter spontaneously
and the speed is constant) and may facilitate identification
of the lame limb. However, a horse with either bilateral or
multilimb  lameness may show no obvious asymmetry
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(Buchner et al. 1995; Braganga et al. 2016; Greve et al.
2017b) and a subjectively non-lame horse, selected based
on a comprehensive lameness examination, may exhibit gait
asymmetry above the objective threshold defined for
lameness (Greve and Dyson 2016).

Thoracolumbosacral range of motion and symmetry of
movement and mean pelvic roll are quantifiable with IMUs
(Greve 2016; Greve et al. 2017b). Horses with > 1 source of
pain increase their range of motion and symmetry of
movement of flexion-extension (°) at the midthoracic region,
axial rotation (°) at the thoracolumbar region and lateral-
lateral motion (cm) at the lumbar region when lameness was
subjectively maximally improved by diagnostic analgesia
(Greve et al. 2017b). Mean pelvic roll as an estimate for body
lean angle became more symmetfrical between furn
directions on the lunge given consistent lungeing technique
when lameness was subjectively maximally improved by
diagnostic analgesia (Greve 2016).

Inertial measurement units have been used to quantify
lameness in clinical cases before and after diagnostic
analgesia in both forelimb lameness (Rungsri et al. 2014;
Maliye et al. 2015) and hindlimb lameness (Pfau et al. 2014;
Maliye and Marshall 2016), eliminating user bias. Evaluation
of 28 horses with forelimb lameness (+ concurrent hindlimb
lameness) before and after diagnostic analgesia demonstrated
an improvement in symmetry of hindlimb gait measured
using IMUs, after improvement in forelimb Ilameness,
indicating that forelimb lameness could cause reduced
push-off by the contralateral hindlimb (Maliye et al. 2015).
IMUs were used to compare objectively the responses to
palmar digital (just proximal to the ungular cartilages) nerve
blocks, palmar nerve blocks (at the base of the proximal
sesamoid bones) and infra-articular analgesia of the distal
interphalangeal joint in 22 horses (Rungsri et al. 2014). Not
surprisingly there were variable responses to each block
within .and among horses. A variable degree of baseline
lameness within horses on the 2 days of the examinations
was documented.

In a study of 13 horses, hindlimb lameness was graded
subjectively and objectively before and affer diagnostic
analgesia; six horses became subjectively sound, two
improved but had residual lameness and five switched
lameness to the contralateral limb (Pfau et al. 2014). There
was a consistent increase in symmetry for upward movement
difference and range of motion of the fubera coxae and for
sacral displacement minima measured using IMUs, verifying
that the clinical assessment of pelvic movement, which is
generally used for hindlimb lameness assessment, is a sensitive
indicator of lameness. Ten of 37 horses with hindlimb
lameness had a head nod mimicking ipsilateral forelimb
lameness  (Maliye and Marshall 2016). There was a
measurable decrease in head movement asymmetry after
improvement in hindlimb lameness by diagnostic analgesia,
verifying the clinical observation that head nod may be
secondary to hindlimb lameness.

The use of objective gait analysis has unquestionably
increased our understanding of the biomechanics of
lameness. It can highlight asymmetries that might otherwise
be overlooked, particularly the objective measurement of the
movement of the withers, which can be difficult o see with
our eyes, which can be used to determine if the horse has
primary hindlimb lameness or primary forelimb lameness
(Braganca 2017; Rhodin et al. 2018).
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Further areas of research in the light of what we
know from subjective lameness examinations
and what is possible with IMUs

A close link between hindlimb gait and the kinematics of
the vertebral column has been demonstrated (Greve
2016; Greve et al. 2017a,b). We need to determine why
some obviously lame horses do not have saddle slip,
whereas some mildly lame horses have marked saddle
slip (Greve and Dyson 2013a, 2014). Assessment of a
larger number of horses with hindlimb lameness both with
and without saddle slip before and affer diagnostic
analgesia may help to establish the exact mechanics of
saddle slip. Use of wireless IMUs may enable the
determination of the rotational and translational motion of
the thoracic and lumbar regions (Martin et al. 2017).
Ideally, lateral angular displacement should also be
assessed (Hicks 2013).

Quantification of other parameters fo distinguish lame
from non-lame is warranted to improve the diagnostfic
accuracy. Body lean on a circle and thoracolumbar motion
should be incorporated info lameness examinations (Greve
et al. 2016, 2017b, 2018; Greve 2016) and observations of
hindlimb flight on a circle (Dyson 2016). It is possible that
crossing the lame hindlimb in under the trunk during
protraction on a circle could be quantified using IMUs
mounted on the hindlimbs or using opfical motion capture. In
addition, horses with bilateral hindlimb lameness clinically lack
hindlimb impulsion and engagement (Dyson and Murray
2003). In man, a camera with integrated IMUs has been used
to measure rotational motion between sensors (Alves et al.
2003). It is possible that this method may be useful in
quantifying the inclination of the pelvis as an objective
measure of hindlimb engagement in addifion fo hindlimb
protraction angle, which would be particularly useful in horses
with lameness in >1 limb.

It is likely that the technology will improve further, with
smaller instfruments, o be able to measure orientation with
very high accuracy over a long time, similar to the
technology used in rockets and airplanes (King 1998). We
could make use of exact angles to investigate e.g.
‘thoracolumbosacral shape' and to quantify improved
hindlimb engagement ridden. Knowledge of the exact
angles of the thoracolumbosacral region when ridden may
also help to elucidate the mechanics of saddle slip (Greve
and Dyson 2013a, 2014). In addition, it may contribute fo the
development of even more sensitive and specific
parameters to quantify lameness and thus improve the
overall diagnostic potential objective gait analysis fo detect
lameness.

The development of a database of kinematic (using
IMUs and GPS) and kinetic (using force-measuring shoes
that are designed similar fo a normal shoe fo avoid
influencing the limb kinematics) measurements in non-lame
horses and horses with clinically diagnosed musculoskeletal
disorders may enable better understanding of the different
ways in which horses adapt fo pain causing lameness.
Knowledge of translational and rotational kinematic
parameters of the thoracolumbosacral region, body lean
angle, GRFs and limb kinematics as a function of loading
condition, gait, speed, circle radius and surface type for
unilateral lameness or lameness in more than one limb may
be helpful.
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Conclusions

Inertial measurement units have been used fo quantify
lameness based on the measured symmetry of vertical
movement between strides of fubera sacrale and the
head. Measurements of other features of a horse's gait
that are altered in association with musculoskeletal pain,
such as body lean angle and thoracolumbosacral range of
motion and symmetry of movement, can also be
quantified. There is no doubt that we cannot question the
ability of IMUs to detect minor asymmetries below
the threshold of the human eye. However, it is clear that
the role of IMUs should be complementary to thorough
clinical assessment, because there are many features of
alterations in gait that have not yet been quantified. IMUs
permit objectivity in assessment of variations in the degree
of lameness within and between examinations and
alterations in gait after an intervention such as diagnostic
analgesia, but are not a substitute for subjective appraisal
of the whole horse.
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Summary

The objective of this prospective clinical study was to
investigate the cause and describe the presentation,
diagnosis, treatment techniques and outcome of Prunus
spinosa (blackthorn) injury and synovitis in the horse. In all
cases presented with blackthorn injury and synovitis, surgical
treatment was performed within 24 h, using a two-stage
procedure: 1-Perisynovial technique using ultrasound guided
electrosurgical dissection; 2-Endoscopic technique. The
diagnosis was confirmed by retrieval of black plant material
from or close to the affected synovial structure. Mean
lameness score on presentation was 4/5 (range 1-5). The
most commonly affected structures were extensor tendon
sheaths (12/35) and fetlock joints (11/35). All cases had thorn
material removed, 80% had thorn material removed at
surgery and in 49% it was infra-synovial. On presentation, the
mean synovial fluid total protein level (TP) was 47.6 g/L
(range 18-64); mean total nucleated cell count (TNCC) was
176 x 10° cells/L (range 12-312). Two days post-surgery,
mean total protein levels were 33 g/L (range 16-52), mean
TNCC was 13 x 10° cells/L (range 1-35). At 5 days post-
surgery, the mean total protein was 23 g/L (range 12-28) and
TNCC was 5 x 10° cells/L (range 1-12). All synovial fluid
cultures were negative. Twenty-eight (80%) horses were
sound 5 days post-operatively, seven (20%) were not lame in
walk; they all returned to full work in an average time of
8 weeks (range 3-48 weeks). Surgery achieved accurate
identification and removal of thorn material. In contrast to
previous studies of synovial sepsis, these cases had a positive
outcome despite high pre- and post-operative synovial fluid
TP and TNCC. These findings suggest that Prunus spinosus
(blackthorn) synovitis has a different aetiology to synovitis
originating from sepsis or other types of contamination.

Infroduction

Blackthorn  (Prunus spinosus) (Fig 1), a member of the
Rosacea family, is reporfed in human medicine fo cause
infections and tissue reactions (Sharma and Meredith 2004).
Blackthorn synovitis is a rare cause of mono-arthritis in people,
and is difficult to diagnose (Goupille et al. 1990; Tiwari
and Beriha 2015), but plant thorn synovitis has not been
reported in the horse, although synovitis from other sources is
common.

In the author’s hospital, plant thorn synovitis caused by
blackthorn is a common problem in horses involved in fox
hunting. These horses jump hedges containing blackthorn,
frequently passing through the top of the hedge resulting in
thorn penetration of various synovial structures of their limbs.

Ultrasound-guided removal of soft fissue foreign bodies
has been described in humans, yielding encouraging results
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Fig 1: Prunus spinosus (blackthorn) plant.

(Tung et al. 2007; Callegari et al. and needle

2009),
localisation has been reported to reduce the required incision
length and depth and help to minimise the risk of damage to

surrounding  tissue  (Nwawka et al.  2014). Endoscopic
debridement and lavage for treatment of synovial sepsis in
human (Dory and Wantelet 1985; Jackson 1985; Parisien and
Shaffer 1990; Kuo efal 2011) and veterinary medicine
(Mcliwraith 2002) are considered to offer several advantages
over lavage and arthrotomy, including improved visualisation
and access.

Blackthorn is a native shrub with substantial thorns that is
fraditionally used in Britain and other parts of northern Europe
to make cattle-proof hedging. Although blackthorn synovitis is
a common condifion affecting horses in many regions of the
UK, it has not been reported.

This prospective study describes the presentation,
diagnosis, freatment and outcome of blackthorn synovitis in a
group of 35 horses. It then goes on to describe the surgical
techniques that have been applied to freat this condition.
This involves an electro-surgery technique using a needle
placed under ulirasound guidance fo provide a guide for the
incision onto the thorn fragment, for removal of peri-synovial
thorn fragments, followed by an endoscopically guided
fragment refrieval from synovial structures. In all cases, with
no concurrent intra synovial soft tissue injuries, the long and
short-term outcomes were excellent.

Materials and methods

Study design and case selection
A prospective study of blackthorn injury and synovitis was
reported. All horses that presented in the winter fox hunting
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seasons of October 2013-March 2015 with the following:
acute onset synovitis within 24 h of hunting, and a history of
jumping af least one hedge containing blackthorn, were
included in the study. Cases without confirmed blackthorn
penetration, those that received antibiotic medication prior
to referral and cases with significant concurrent soft tissue
injury were excluded. Horses with blackthorn injury but no
synovitis were also excluded.

All cases were subjected to a standardised clinical
assessmenf, surgical freatment and aftercare. Thorn
penetration was confirmed by removal of black plant
material from the site prior to surgery and/or retrieval of black
plant material at surgery. A diagnosis of synovitis was based
on identification of an elevated total nucleated cell count
(TNCC) and an elevated totfal protein level (TP) in synovial
fluid of the affected structure. The following figures were
considered as normal ranges for synovial fluid analysis; TNCC
<3.5 x 107 cells/L with TP <25 g/L (Robinson et al. 2017).
Horses were operated on the day after admission because
they were fatfigued. Anfibiotics were administered
perioperatively from 30 min prior to surgery.

Case presentation and assessment

Lameness was graded (AAEP lameness scale, Swanson 1984).
A synoviocentesis sample was analysed for TNCC (ProCyte
Dx™)' and TP level (Catalyst Dx™)'. The remaining fluid was
submitted for bacterial culture. An average of 0.5-1.0 mL
synovial fluid was placed in two blood culture media bottles
(Hemoline™ Performance Duo™)?, one aerobic and one
anaerobic, which were incubated at 37 degrees for 8 days.

Ultrasonography

High-resolution ultrasonography with a linear 15 MHz probe
(Logic $7 Expert)®, was performed. The image of any suspected
thorn fragments was recorded, and its position marked with a
skin staple. Thorn fragments were identified as an acoustic
shadow produced in both transverse and longitudinal planes.
Horses received a single dose of flunixin meglumine (Flunixin
Injection)?, 1.1 mg/kg i.v. following diagnosis. A 5-day course of
oxytetracycline (Engemycin 10% [DD])>, 5 mg/kg bwtiv.q.12 h
was initiated with the first dose administered 30 min prior to
surgery (BEVA 2016).

Surgery

Under routine general anaesthesia, the horse was positioned
in dorsal recumbency and the affected limb was clipped,
prepared and draped. Any remaining palpable and or visible
cutaneous thorn fragments were removed using Halsted
mosquito forceps to squeeze the skin.

Stage 1 Peri-synovial technique

An ulfrasound guided fechnique was deployed using a
needle marker to enable an electrocautery incision to be
made directly onto the thorn fragment.

The ultrasound probe was gas sterilised. Hydrous gel (Intra-
site gel)® was placed on the skin as an acoustic couple. A
0.9 x 40 mm hypodermic needle was advanced at 20-35° to
the skin surface in the plane of the linear transducer, under
ultrasound guidance, unfil the tip was in contact with the
thorn fragment (Fig 2). Care was taken to ensure that the
needle tip was seen to touch and move the thorn (Fig 3). A
monopolar electrosurgery instrument (Art E-1)7 was used, with
the base electrode applied to the lateral aspect of the
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dorsal aspect of the metacarpophalangeal joint, in the plane of
the longitudinal linear transducer.

Fig 3: Longitudinal ultrasound image of the dorsal aspect of the
metacarpophalangeal joint; 0.9 x 40 mm needle (white arrow),
thorn fragment (red arrow), common digital extensor tendon
(CDET), cartilage (C), third metatarsal bone (MT3).

thorax, secured by the operating table pads. An incision is
made along the needle shaft to expose the fip and thorn
fragment. Halsted mosquito forceps were used to retract the
fissues, and then refrieve the fragment (Fig 4). Swab sficks
(Cotton buds)® were used in some cases to swab fluid, blood
and charred fissue from the incision.

The incision was lavaged with Hartmann's polyionic
crystalloid solution and closed with 3.5 M C-16 cutting nylon
(Monosoft™)? cruciate skin sutures.

Stage 2 Endoscopic techniques

Endoscopic evaluation with a 4.5 mm 30 arthroscope and HD
1080p camera (Linvatec)'® was performed using standard
portals (Mcllwraith et al. 2015). The resolution afforded by this
system was considered necessary to identify small thorn
fragments. Large thorn fragments (Fig §) were removed with
rongeurs, small fragments (Fig ) with a synovial resector
blade (Apex™ and Cuda™)'' and suction. In order to
minimise the number of portals required, very small fragments
were removed by flushing through an appropriately placed

© 2020 EVJ Lid
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Fig 4: Electrocautery incision along the shaft of the needle; thorn
fragment (red arrow).

the dorsal

view of
metacarpophalangeal joint; Condyle of the third metacarpal
bone (MTCJ3), thorn fragment (black arrow).

Fig 5: Arthroscopic pouch of the

0.9 mm x 40 mm needle. When thorn entry sites could be
seen on the skin over the synovial structure, a needle was
placed through the entry site to identify the region of synovial
penetration. Local synovectomy was performed to reveal
thorn fragments that were otherwise hidden. In cases where
an area of haemorrhage and disruption of the synovium was
seen, this was also debrided with the synovial resector to
reveal thorn fragments. In cases presenting with more than
one synovial structure involved, data are presented for the
structure with the highest TNCC, only (6 cases), although all
affected structures were freated.

The majority of structures were lavaged with 5L of
Hartmann's solution (range 2-15 L), but larger volumes were
used when multiple thorn fragments were found. Portals were

© 2020 EVJ Ltd
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view of
metatarsophalangeal joint; small thorn fragment (arrow), synovial
pad of the proximal recess of the joint (SP).

Fig é6: Arthroscopic the palmar pouch of the

closed with 3.5 M C-16 cutting nylon (Monosoft™)? cruciate
skin sutures.

Diagnosis

Thorn material was confirmed by direct visual examination of
the material extracted by instruments in all cases. In addition,
in some cases, the fluid obtained in the suction bottle from
the synovial resector was poured through a large gauze
swab to produce a filtrate, this was examined microscopically
(Leica DME).'? The identification of very dark coloured plant
material was considered to confirm that it was blackthorn.

Post-operative care
A sterile nonadherent dressing was applied to the surgical
site, followed by a single layer padded bandage.

Horses were hospitalised and monitored for 5 days.
Dressings were changed and synoviocentesis was repeated
at 2 and 5 days post-surgery.

Follow-up

Clients were contacted by telephone at 4 and 12 weeks
post-freatment to obtain outcome data regarding soundness
and when they returned to work. In the cases that had not
returned to work by 12 weeks, the owners were contacted
each month until the horse returned to full work.

Results

Seventy-five horses presented with suspected blackthorn
plant thorn synovitis in the study period. Fourteen cases were
excluded due to significant injury to soft tissue structures from
the thorn; all these cases had lacerations of the superficial
and/or deep digital flexor tendons in the digital flexor tendon
sheath. Twelve cases in which thorn penetration could not be
confirmed either at surgery or physical examination were
excluded; the synovial resector was not used in these cases
therefore there was no filfrate available for microscopic
examination. Eight cases were excluded as they had already
received antibiotics prior to referral. Six cases that did not
have the standard follow-up were excluded. Thirty-five cases
met the inclusion criteria.
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Horses included 7 mares and 28 geldings, representing the
following disciplines: 16 Hunters, 4 Point-to-point racehorses, 8
Eventers. Their breeds were 16 Irish hunters, 8 Sports horses, 4
Thoroughbreds, 4 Ponies, 2 Warmbloods and 1 Cob. The
mean age was 9 years (range 4-17).

All cases presented with a profound synovial effusion,
periarticular heat, swelling and pain on flexion. The most
frequent lameness grade was 4/5 (range 1-5). There were
twice as many forelimb (23/35) cases as hindlimb cases (12/
35). All cases had black plant material extracted from peri-
synovial structures and/or the intra-synovial space. In 20% (7/
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35) of cases, black plant material was removed from the
region of synovial involvement before surgery but was not
found at surgery. In 80% (28/35) of cases, black plant material
was retrieved at surgery; in 49% (17/35) it was removed from
the infra-synovial space, and in 25% (7/35) there were
multiple infra-synovial fragments removed (Table 1). The most
commonly affected structures were extensor tendon sheaths
(12/35), and fetlock joints (11/35). In 6 of 7 carpal joints, free
thorn material was located. Intra-articular thorn material was
found in 5 of 11 fetlock joints, including 4 under the
dorsoproximal synovial pad and in 3 on the intersesamoidean

TABLE 1: Clinical presentation, surgical findings and results of 35 horses with confirmed plant thorn synovitis

Lame
(AAEP) TNCC (x1079) Total protein g/L
Case TO T120 Limb  Synovial site T0 T48 T120 TO T48 T120 Thorns  Site  Thorn debris  In work (weeks)
1 4 0 RF MCPJ 104 16 4 66 43 22 2 S.PS N 6
2 1 0 RH DFTS 231 8 2 56 36 20 1 PS N 4
3 5 0 RF MCPJ 300 - - 58 - - 0 Y 26
4 3 0 LF LDETS 300 35 8 46 43 28 7 PS N 4
5 4 0 RF MCJ 213 6 12 51 37 22 1 S Y -
6 4 0 RF MCJ 196 21 3 43 31 12 1 PS Y 5
7 4 0 RH LDETS 157 - 32 - - 1 S N 3
8 5 0 RH MTPJ 155 4 1 42 38 21 8 SPS Y 3
9 4 0 RH FPJ 41 - - 36 - - 1 S N 4
10 4 0 RF MCPJ 191 11 7 54 37 16 0 Y 2
11 4 <4 LH MTPJ 109 1 - 46 22 - 1 PS N -
12 2 <4 LF MCJ 285 15 12 61 45 23 1 N N 2
13 4 0 RF MCPJ 206 11 5 44 28 15 1 PS N 3
14 2 <4 LF ECRTS 180 9 4 36 31 26 0 Y 48
15 4 <4 LH FPJ 116 - - 43 - - 1 N Y 4
16 4 0 RF MCJ 199 4 4 41 28 20 1 PS Y -
17 3 0 LF DFTS 120 1 - 43 26 - 1 PS N -
18 4 <4 RF ECRTS 26 2 - 36 23 - 1 S N -
19 5 0 RH MTPJ 173 33 12 57 30 26 1 S Y 5
20 4 0 LF LDETS 209 12 - 43 16 - 1 N N 3
21 5 <4 RH MTPJ 173 4 1 48 20 20 5 S Y 4
22 4 0 LF ECRTS 411 - - 56 - - 3 S N 4
23 4 <4 RF ABCJ 312 6 1 55 30 26 0 N 5
24 4 0 LH MTPJ 294 7 6 50 16 34 1 N N 4
25 5 0 LH DFTS 41 34 2 30 18 14 0 4
26 4 0 LF ECRTS 209 - - 46 - - 1 S N 8
27 - 0 RF ABCJ 244 24 - 51 30 - 1 S N 6
28 4 0 RF ECRTS 304 34 3 60 52 28 4 S N 5
29 4 0 LF ECRTS 287 3 - 52 4] - 0 Y 4
30 4 0 LH MTPJ 82 3 0 44 36 20 1 PS N 3
31 - 0 LF DFTS 12 4 3 51 30 28 1 PS N 12
32 3 0 RF ABCJ 23 9 - 28 38 - 2 PS N 3
MCJ 22 4 - 18 30 -
33 - 0 LF MCPJ 110 3 - 40 27 - 0 Y -
34 2 0 LH DFTS 61 10 - 42 34 - 1 S N -
35 4 0 RF ECRTS 65 32 - 60 43 - 1 PS N 3

Notes: Case number cases were numbered sequentially in order of presentation.
Lame: Degree of lameness (AAEP score) at presentation TO and T120 hours post surgery prior to discharge from the hospital.

Limb: LF left fore, RF right fore, LH left hind, RH right hind.

Synovial site: MCPJ = metacarpophangeal joint; MTPJ = metatarsophalangeal joint = MCJ mid carpal joint; ABCJ = Antebrachiocarpal
joint; FPJ = femoropatella joint; DFTS = digital flexor tendon sheath; LDETS = lateral digital extensor tendon sheath; ECRTS = extensor

carpi radialis tendon sheath.

TNCC: Total nucleated cell count of synovial fluid, at presentation T0, 48 and 120 hours after surgery.
Total Protein: Total protein g/L of synovial fluid at presentation T0, 48 and 120 hours affer surgery.

Thorns: number of thorn fragments retrieved.
Site: Site of thorn fragments. S synovial, PS perisynovial.

Thorn: Debris thom debris refrieved from the synovial resector suction fluid. Obtained by filtering the fluid through a surgical swab and
examining the any dark coloured material under a light microscope' to confirm the appearance of wood fibres. Y yes, N no.
In work (weeks): Number of weeks to return to full work, as reported by the owners/trainers by telephone.
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ligament. In extensor tendon sheaths, 8 of 12 cases had intra-
synovial thorn material located; in two cases this was free, in
three intra-tendinous and in a further three they were in the
synovial reflection. Intra-tendinous thorn injuries of the
extensor tendons were not excluded along with the cases
that had significant concurrent soft tissue injuries, as the
tendon damage appeared to be minor and was considered
to be unlikely to be of clinical significance.

Mean synovial fluid TP and TNCC at presentation, 2 and
5 days post-surgery were 47.6 g/L (range 18-66) and
176 x 10° cells/L (range 12-312); 33 g/L (range 16-52)
and 13 x 10° cells/L (range 1-35) and 23 g/L (range 12-28)
and 5 x 107 cells/L (range 1-12), respectively. In seven cases,
synoviocentesis did not yield a suitable volume of fluid
(<0.5 mL) for analysis at 2 days post-surgery. All synovial fluid
cultures yielded no growth (Table 1).

Most horses were less lame on the morning of surgery
than on admission the previous day. Twenty-eight (80%) were
sound at 5 days post-operatively, the remaining 7 (20%)
horses were sound in walk but not evaluated in trof. All
incisions were reported fo have healed without complication
by 14 days post-operatively. All horses successfully retfurned to
full work and the mean time-period until full work resumed
was 8 weeks (range 3-48). No period for the return to work
was available for seven cases but they were reported to
have returned to work prior to 8 weeks. In 2 cases the return
to work was delayed for 26 and 48 weeks, due fo owner
preference rather than lameness (Table 1).

Discussion

This is the first published study of the clinical presentation,
diagnosis and treatment of plant thorn injury and synovitis in
the horse. All cases had a history of jumping hedges
containing blackthorn, and plant material retrieved prior to
and/or at surgery was dark in colour and therefore assumed
to be blackthorn. The 35 cases described in this prospective
study demonstrate that a range of different synovial
structures can be aoffected, the distribution of which is
generally consistent with regions of the limbs passing through
the hedge as the horse jumps over/through it. The
mechanism for penetration of the digital flexor tendon sheath
is more difficult to explain. In the author's experience, these
cases frequently have substantial longitudinal injury to the
superficial and/or deep digital flexor tendons, perhaps
because they result from the limb loading onto a thorn as the
fetflock hyperextends. The onset and severity of lameness
caused by blackthorn synovitis is more rapid than would be
expected for a foreign body reaction to other plant material,
contamination or the trauma from thorn penetfration
(Mcllwraith et al.  2015). This study demonstrates that
blackthorn material may be found at surgery in the majority
(80%) of cases, and in many cases (49%) is in the synovial
cavity. The prognosis for return to athletic function of
blackthorn plant thorn synovitis (with no flexor tendon injury)
freated by the two-stage surgical procedure described
herein is excellent. This is despite increased TP and TNCC
levels pre- and post-operatively, that would be suggestive of
sepsis. The average post-operative time-period to return to
work was 8 weeks.

In confrast fo typical bacterial synovial infection (Walmsley
et al. 2011; Milner et al. 2014), all 35 cases in this case series
made a full return to work. Although this may be expected in
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cases of synovitis caused by other nonseptic processes, such
as uncontaminated lacerations, inert  foreign  body
penetfrations,  infra-articular  medications and  surgical
interventions, in the author's experience, none of these
processes produce such an acute profound lameness and
increase in synovial TNCC and tfotfal protein. However, all
cases in this study presented soon after the injury, therefore a
positive outcome could have been expected for other causes
of joint contamination or infection. In this study, no evidence
of bacterial colonisation was clearly identified in any of the
cases, suggesting a thorn induced synovitis, rather than
infective synovitis. There is considerable cross over between
synovial fluid TNCC and profein levels seen in nonseptic and
septic synovitis. The levels in this case series all exceed the
author's cut-off values for synovitis of TNCC>5 x 10° cells/L,
and tfotal protein level >30 g/L; however, the majority also fulfil
the criteria for synovial sepsis >30 x 10° cells/L and >40 g/L
(Mcllwraith et al. 2015). In previous studies of confirmed
synovial sepsis, approximately 25%-32% yielded positive
bacterial cultures (Taylor et al. 2010; Robinson et al. 2016),
therefore around 12 cases would be expected to yield
positive cultures in this series. The culture technique utilised in
the current study used synovial samples obtained by aseptic
technique prior to antibiotic administration, and on average
0.5-1.0 mL of synovial fluid was available for enrichment
media culture. All cases yielded no growth after incubation at
37 degrees for 8 days. Kratz et al. (2003) suggest that Panfoea
agglomerans may be responsible for sepsis in plant thorn
injuries even when bacterial culture is negative. This is because
it is the species most commonly (although infrequently)
isolated; they propose that inappropriate growth media and
inaccurate identification methods could be the reason for
negative culture results. De Champs et al. (2000) reported two
cases of septic arthritis from plant thorn injury where Panfoea
agglomerans was isolated from paediatric blood culture
media (BACTEC Peds Plus), but not conventional agar plates;
this enrichment media is similar but not the same as that used
in our study. It is therefore possible that isolation was
unsuccessful due to the media used; in future cases, culture in
alternative enrichment media should be attempted. In the
author’s hospital, using the same technique, positive culture
rates are around 30% in synovial sepsis cases (similar fo
previous studies). The majority of horses referred with synovial
sepsis secondary fo a wound have been administered
antimicrobials by the referring veterinarian. Administration of
an antibiotic drug before aspiration of synovial fluid has been
postulated to decrease the likelihood of obtaining a positive
bacterial culture (Ince et al. 2004), therefore as part of the
study design all cases that received antibiotics prior to referral
were excluded, resulting in the loss of eight cases. Inclusion of
these cases may have compromised the study in terms of
affecting the clinical presentation, the results of bacteriology
cultures and outcome data. However, Taylor et al. (2010) and
Ghanem et al. (2007) found that preoperative antibiotics did
not interfere with isolation of bacteria from synovial samples
collected during surgery, in horses or human patients. Fourteen
cases were excluded due to flexor tendon laceration; this was
because the injury will result in longer convalescence and
poorer outcome than thorn penefrafion alone (Fraser and
Bladon 2004), although the outcome of such cases from
blackthorn injury warrants further investigation.

There are a limited number of case series of blackthorn
injury in humans (Blake et al. 1981; Goupille ef al. 1990;
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Sharma and Meredith 2004; Baskar et al. 2006). These
conclude that conservative treatment is usually unsuccessful,
and that surgical management fto remove the thorn
fragments is curative (Goupille et al. 1990; Baskar et al. 2006).
These findings are consistent with this study in the horse, and
in the author’s experience unfreated cases also carry a poor
prognosis in the horse. Reports of plant thorn synovitis in
people describe sepfic synovitis caused by Pantoea
agglomerans bacteria (Sugarman et al. 1977; Kratz et al.
20083; Joris and Duerinckx 2008; Jain et al. 2012; Fianyo et al.
2015). Pantoea agglomerans infection has been associated
with a variety of thorn types in different parts of the world
(Dutkiewicz et al. 2016), but not with blackthorn species. The
latter thorns contain a higher concentration of phenolic
compounds than many other fruiting plants, hence the dark
colour (Guimardaes et al. 2013). Stromqvist et al. (1985)
suggest that alkaloids present in the thorns may be
responsible for the intense inflammatory reactions. A possible
explanation for the severity of the synovitis following
blackthorn penefration is a nonseptic, immune mediated
response to the large concentration of phenolic and/or
alkaloid compounds. The acute response then appears to
reduce to a more moderate synovitis consistent with a
foreign body reaction to the plant material. A similar
moderate synovitis is reported in man from various plant
thorns (Baskar et al. 2006). Further work is required to
determine whether a chemical synovitis is responsible for the
clinical presentation seen in the horse.

Recent literature suggests that the outcome for synovial
sepsis is comparable if surgery is delayed until normal working
hours (Milner et al. 2014). Horses in this series were operated
the day following presentation. At admission, these horses
were at the end of a prolonged period of hard, fast work,
they were fatigued and thus an increased risk for anaesthetic
complications (Hubbell et al. 2000; Johnston et al. 2002;
Taylor et al. 2010).

Twenty-five of 35 cases presented with severe lameness
(AAEP score 4 or 5); all were given nonsteroidal anti-
inlammatory medication but no antfimicrobials, and were
hospitalised over-night before surgery, and most horses were
considerably more comfortable when they were evaluated
the following day prior fo surgery. In contrast to previous
reports of synovial sepsis (Taylor et al. 2010; Walmsley et al.
2011; Milner et al. 2014), these cases had a positive outcome
despite high pre- and post-operative synovial fluid TNCC and
TP concenfrations. This prospective study was designed fo
investigate whether synovial sepsis was the cause of
blackthorn  synovitis. Based on the primary author's
experience, it is likely that keeping horses with blackthorn
synovitis overnight without any antibiotic treatment would not
affect the outcome. Cases considered at risk of synovitis from
other causes were administered antibiotics and excluded
from the study. Anfibiotic treatment prior to referral for cases
of synovitis of uncertain origin remains recommended. Topical
antibiotic freatment, although widely recommended, was not
used in this study. It has been suggested that its use may
reduce excessive granulation fissue formation (Harmen et al.
2017); however, all wounds in the study were reported to heal
by first intension.

These findings suggest that blackthorn  synovial
penetration creates a severe synovitis and has a different
clinical progression than synovitis originating from sepsis.
Unfortunately, further analysis of synovial samples such as
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differential cell count; SAA, glucose, lactate levels and
cytological evaluation were not available for this study.
Further analysis would enable better definition of the type of
synovifis. It remains possible that blackthorn synovitis resulfs
from bacterial infection; further investigations required include
synovial fluid culture in other enrichment media and
potentially PCR analysis.

The use of a high-resolution ultfrasound-guided technique
for identification of extra synovial thorn fragments is described.
This was developed from techniques used in humans (Tung
et al. 2007; Callegari efal 2009) that have not been
previously described in the horse, enabling accurate
identification and removal of deep exfra-articular thomn
fragments with minimal surgical trauma. It is important to camry
out this procedure before endoscopy as any air introduced
intfo the tissue will obscure the ultrasonographic view of the
thorn material. In cases with multiple thorn fragments in close
proximity, needles are placed on each fragment before any
incisions are made, this prevents air infroduced by the incision
obscuring ultrasound guidance. Only thorn material that could
be imaged in two perpendicular planes was judged to be
significant and required removal. All thorn material identified
ultrasonographically was successfully refrieved at surgery. In
the author's experience, regions of fall out only identifiable in
one plane may be edge artefacts caused by normal
structures such as blood vessels or air arfefacts from thorn
entry/exit sites. Alternatively, they may be very small thom
fragments, and our experience and the results of this study
suggest that if they are thorn fragments that they are not
large enough to be clinically significant. It is important to
appreciate that thorns that are in a plane perpendicular to
the skin are likely to be much larger than predicted by
ultrasound. Electro-surgery, although more fraumatic than
sharp surgery, was necessary to provide a bloodless field.
Although the brown charred fissue can reduce confrast from
the thorn material, it can easily be removed with a swab
stick and can be differentiated from the very black thomn
material. The arthroscopic/tenoscopic techniques used in this
study, combined with partial synovectomy at thomn entry
sites enabled successful removal of thomn debris from the
affected synovial sites. Blake et al. (1981) confrmed the
diagnosis of blackthorn synovitis by histological examination
of a synovial fluid sample, revealing birefringent vegetable
material. In the author's experience with chronic cases,
thorn debris can be easily identified from the material in the
suction bottle connected to the synovial resector. The fluid is
filtered through a gauze swab, and dark material is readily
identified grossly, and confimed to be of plant origin by
microscopic examination. Focal synovectomy was performed
to reveal thorn entry sites and identify thorn material, with
no detrimental effect on the outcome. Consistent with
findings in man (Sharma and Meredith 2004) and the
author's experience prior to this study, if fragments are not
removed, the prognosis is poor. Examination and probing of
any suspected thorn enfry sites, facilitated by local
synovectomy, should be considered essential for successful
freatment.

This prospective study has relatively low numbers as it took
place at one referral hospital over a 2-year period. Although
a multicentre study would increase the case numbers, it
would also introduce other variables, such as surgeon
experience. The author has experience of over 250 cases of
blackthorn synovitis over 15 years prior to this study which led
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to the development of the two-stage technique described
and the use of standardised techniques.

This study illustrates several important aspects of plant
thorn synovitis in horses. Firstly, high-resolution ultrasound is
recommended to identify thorn fragments, as described in
humans (Tung ef al. 2007) and facilitate their accurate
removal with  minimal trauma. Secondly, arthroscopic/
tenoscopic evaluation of synovial structure is essential fo
remove foreign material and rapidly restore function. In
addition, many of the thorn fragments are very small
(<0.5 mm) and may not be visible with a low-resolution
arthroscopy system. Thirdly, the convalescent time in some
cases was as little as 21 days, this is likely to be because with
blackthorn synovitis, no structural compromise to the fissues
was present, and removal of foreign material and
inflammatory mediators allows the synovial environment to
return to normal quickly. Lastly, it is important to differentiate
blackthorn synovitis from typical synovial sepsis. Despite a
similar presentation and persistent abnormal synovial fluid
cytology post-operatively, an appropriate single surgical
treatment of blackthorn synovitis yields an excellent prognosis
to return to previous performance. These findings suggest that
blackthorn synovitis is characterised by severe synovitis
secondary to thorn phenolic compounds and not caused by
bacterial infection. Antimicrobial freatment for future cases
could be confined fo the perioperative period, in line with
good antimicrobial stewardship. Further, this suggests that
antimicrobial medication, as for elective arthroscopic
procedures is adequate for these cases. This protocol
(procaine penicillin 22,000 iu/kg bwt .12 h for 36 h) has now
been adopted in our hospital.
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Summary

This study was conceived to evaluate the feasibility of a
thoracoscopic technique intended for partial pericardiectomy
in horses and how cardiac volumes are influenced by such
procedure in an immediate and mid-term perspective.
Thoracoscopic pericardiectomy, which is known as a minimally
invasive technique, was performed in six healthy horses.
Echocardiographic evaluation was performed in every horse at
different times, before and after the procedure. According to the
area-length method, the following parameters were evaluated:
maximum left afrial volume, minimum left afrial volume, left
ventricular volume in systole and left ventricular volume in
diastole. These variables were used to calculate the ejection
fraction of the left atrium and left ventricle. After 28 days,
repeated thoracoscopy was performed to inspect the thoracic
cavity. Pericardiectomy was successfully performed in all
horses, with post-operative complication documented in only
one animal. After 28 days, adhesion was observed in two
animals, located between the epicardium and the thoracic
wall, without however impairing cardiac function. Pericardial
window was broad and well delimited in all horses, without
impairing cardiac function. The thoracoscopic pericardiectomy
was feasible in all horses. Although a mild reduction in cardiac
volumes was documented in the first 72 h after surgery, the
procedure did not impair cardiac filling and emptying in the
mid-term perspective. Future studies are warranted to
investigate how this technique performs in horses with
pericardial diseases.

Introduction

Echocardiography is the gold standard method for noninvasive
assessment of dimensions, sfructure and function of the
cardiac chambers in horses (Prada and Yamaki 2012;
Decloedt et al. 2017) . In cardiac activity, ventricular function is
generally considered more important than atrial function.
However, atrial contraction contributes significantly to cardiac
output, especially in athletic horses (Marr and Bowen 2010a).

The ventricle is in charge of systolic and diastolic function,
which is the ability fo contract and eject blood, and the ability
to relax, allowing blood to flow from the atrium to the
ventricular chamber, respectively (Marr and Bowen 2010b).
During diastole, ventricular filing may be affected by venous
inflow, atrioventricular valve function, afrial  function,
pericardial compliance, heart rate, myocardial relaxation and
cardiac compliance, the previous two being the most
important (Sousa 2006; Marr and Bowen 2010a).
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Compliance is the term that defines the ease with which
the ventricular walls stretch to accommodate the blood during
diastole. In the presence of decreased compliance, a higher
filing pressure is required to reach the final diastolic volume,
which occurs in cases of left ventricular (LV) lumen reduction,
pathological hypertrophy, myocardial fibrosis, infilirative
diseases, pericardial famponade and right ventricular dilation,
resulting in diastolic dysfunction. In such cases, a larger preload
is required to obtain normal end-diastolic ventricular volume.
Diastolic function can also be affected by myocardial relaxation
which, when impaired, reduces the primary rate of ventricular
filing. This may occur in cases of myocardial hypertrophy,
fibrosis, ischaemic heart disease and pericarditis (Marr and
Bowen 2010b). Horses with pericardial effusion are frequently
presented with nonspecific signs, such as tachycardia,
tachypnoea, inappetence and lethargy. Diminished or
inaudible cardiac sounds may also be evident on auscultation.
In cases where infrapericardial pressure exceeds right atrial and
ventricular pressures, cardiac tamponade is installed, and may
lead to rightsided congestive heart failure. In these cases,
echocardiographic findings include diastolic collapse of the
right atrial and ventricular walls. Heart chambers may also
appear smaller, due fo reduced filing from increased
intrapericardial  pressure.  With  disease progression, life-
threatening left-sided output failure may ensue.

Pericardiectomy or pericardiocentesis are the treatments
indicated to eliminate the risk of cardiac tamponade in
cases of recurrent pericardial effusions (Brunner et al. 1995;
Marr and Bowen 2010c). The pericardiectomy can be
realised by two different procedures: thoracotomy or
thoracoscopy. When compared fo thoracotomy,
thoracoscopy improves the visualisation of the thoracic
organs, decreases acute and chronic post-operative pain
(Latham and Dullye 2011), reduces surgical trauma, low
mortality and rapid recovery (Teixeira et al. 2015).

Studies have shown a significant increase in systolic
volume after pericardiectomy in anaesthetised dogs (Hoit
et al. 1991). Similarly, right and left ventricular filling is
influenced by the presence of the pericardium (Brunner et al.
1995). In dogs with pulmonary hypertension, pericardiectomy
resulted in rapid haemodynamic improvement, with an
increase in LV systolic volume by one-third (Belenkie et al.
2004). In pigs submitted to maximal exercise after
pericardiectomy, there was an increase in cardiac output,
oxygen consumpftion and LV mass and size (Hammond et al.
1992). These aspects have not yet been studied and
confirmed in horses and, therefore, the goal of this study was
to evaluate the impact of thoracoscopic partial
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pericardiectomy on left atrial and ventricular volumes in this
species.

Materials and methods

After physical examination, where heart rate (HR), respiratory
rate (RR), weight, capillary filing fime, rectal temperature,
frequency of caecal movements, degree of hydration and
mucosal staining were evaluated, six horses (four males and
two females) were selected for a prospective longitudinal
study. Bodyweight and age of the selected animals ranged
from 460 to 552 kg (516 + 39), and from 3 to 26 years (13 + 8)
respectively. Laboratory tests such as blood count, creatine
kinase (CK), aspartate aminotransferase (AST), gamma
glutamyl fransferase (GGT), urea and creatinine were
performed. The inclusion criteria applied in this study were the
absence of abnormalities in clinical and laboratorial
examinations. All selected horses were considered fit for the
procedure.

The animals were kept in a horse stock, in a quiet
environment and under low light (Voros ef al. 1991) during
fransthoracic echocardiographic examination (ECO). The use
of sedatives was not required. Examination was performed at
four different time points: prior to the surgical procedure (MO);
24 h post procedure (M1); 72 h post procedure (M2) and
28 days post procedure (M3). To optimise echocardiographic
image quality, frichotfomy was performed in the right
hemithorax, between the 4th and 5th intercostal spaces
(ICS), and the right thoracic limb was tractioned and
positioned slightly ahead of the confralateral limb.

The images were obfained with a MylLab 30 Gold
ultrasound machine', equipped with a 2 MHz sector
transducer and capable of performing Bidimensional (M),
Time-motion (M) and Doppler modes. Through long-axis four
chamber views, indices such as maximum left afrial volume
(LAVmax), minimum left atrial volume (LAVmin), left
ventricular volume in systole (LVVs) and left ventricular
volume in diastole (LVVd) were calculated according to the
area-length method. These indices were used fo defermine
the left atrial ejection fraction (EF .%) and left ventricular
ejection fraction (EF%). After basal echocardiographic
evaluations (MQ0), the animals were submitted to partial
pericardiectomy by thoracoscopy.

Prior to the surgical procedures, water fasting of six and
feeding fasting of 12 h were applied. All horses were submitted
to general anaesthesia with monopulmonary intubation of the
right lung and placed in left lateral recumbency on the surgical
table for the performing of partial pericardiectomy by
thoracoscopy. Access to the thoracic cavity was obtained by
means of a skin incision of approximately 2 cm in the 5th left
intercostal space for the first three procedures, and in the 6th
intercostal space for the last three, aligned with the
scapulohumeral joint. Then, incision and blunt divulsion of the
musculature were performed and, with the use of a Cocker
hemostat, the incision was deepened until the parietal pleura
was perforated, resulting in pneumothorax. Through the
opening, a 11 mm cannula with endotip was introduced,
along with a 10 mm optic coupled to a micro camera. The
pneumothorax was established with carbon dioxide and
adjusted to a maximum pressure of 4 mmHg. The placement of
two more portals was performed for the infroduction of the
instruments in the first three procedures, under direct
inspection. For the last three procedures, only two portals were
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applied, one for the introduction of the opftics and the second
for the placement of the instruments.

After the auxiliary instruments were inserted, the
pericardium was pulled with the Hook forceps towards the
ribs in a way fo hold the myocardium avoiding lesions by
contact with the surgical instrument, then an incision was
made from cardiac base to apex, exposing the left atrial
appendage. Pericardiectomy was then initiated with a small
incision of approximately one centimetre and, from this
opening, the pericardium was drawn, facilitating the
enlargement of the opening, to approximately 30 cm. In the
first three procedures, seizing forceps and scissors were used
for the incision, while in the following three procedures, only
the Hook forceps was used, which has an internal cutting
face.

By the end of every procedure, the portals were
removed, the musculature was approximated and muscle
and skin sutures where performed with a nonabsorbable no 2
polypropylene thread, in standard Wolf stitches, and the
pneumothorax was resolved with a surgical aspirator.

After 28 days of the surgical procedure, a second
thoracoscopy was performed to inspect the thoracic cavity
and the pericardial window. During the transoperative
period, the animals were monitored by electrocardiography,
heart rate evaluation, invasive blood pressure, rectal
temperature, respiratory rate and capnography. Post-
operative care of both thoracoscopies consisted of clinical
evaluation of the animals three times a day and daily
dressings at the incision site, including thorough evaluation of
the surgical wound.

The animals received 20,000 IU of procaine benzylpenicillin
associated  with  dihydrostreptomycin and  procaine
hydrochloride intramuscularly for 7 days and intravenous
flunixin meglumine at 1.1 mg/kg bwt intravenously for 3 days
after each surgical procedure. Animals that still presented pain
after the administration of anti-inlammatory drugs also
received an inframuscular dose of 0.1 mg/kg bwt of
methadone. Skin sutures were removed after 10 days.

All variables were submitted to analysis of variance
followed by Dunnett’s test, considering P<0.05.

Results

At baseline physical and echocardiographic examination, the
animals did not present abnormalities. Thoracic hair was
clipped for the echocardiographic examinations, although this
procedure was not imperafive (Bonomo ef al. 2014). This
information is important due to the fact that the maintenance
of the hair is aesthetically desirable in competing horse
athletes.

The echocardiographic values obtained at all
different moments are shown in Tables 1 and 2.

There was a decrease in EF%LA in M1(44.4 4+ 12.8), but in
M2 (50.9 + 10.8) and M3 (52.6 + 5.4) the values went up
again. The same thing happened with LAVmax and LAVmin,
but this difference was not statistically significative.

There was no statfistically significant difference in left atrial
volumes obtained by B-mode (Fig 1).

In further echocardiographic evaluations, no evidence of
increased preload affer thoracoscopic pericardiectomy was
documented.

There was no statistical difference between LVVs, LVVd
and EF % in the different moments.

four
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TABLE 1: Mean values and standard deviations of LAVmax, LAVmin and EF % measurements, evaluated by echocardiography at
moments MO, M1, M2 and M3, in horses submitted to thoracoscopic pericardiectomy, where *P<0.05.

Variables MO M1 M2 M3
LAVmMax 902.4 4+ 213.9 808 + 314.7 782.7 + 235.7 952.9 + 198.1
LAVmin 593.4 &+ 223.7 585.6 &+ 332.6 537.8 £ 176.6 565.2 + 175.2
EF A% 358 £ 11 29.7 +18.8 31.6 + 3.4 41.5 +£10.2

EFLA%, ejection fraction of the left afrium; LAVmax, maximum left atrial volume; LAVmin, minimal left atrium volume.

TABLE 2: Mean values and standard deviations of LVVs, LVVd and EF,y% of horses submitted to thoracoscopic pericardiectomy at
moments MO, M1, M2 and M3, where *P<0.05.

Variables MO M1 M2 M3

LVVs 822.9 + 398.3 749 + 292.8 754.9 + 296.1 793.9 + 212.5
Lvvd 1731.4 + 392.7 1328 + 326.7 1506.2 + 384.8 1687.1 + 511
EFV% 545 £ 11.5 44.4 +12.8 50.9 + 10.8 52.6 + 5.4

EF %, left ventricular ejection fraction; LVVs, left ventricular volume in systole; LVVd, left ventricular volume in diastole.

Fig 1: B-mode long-axis echocardiographic view, exemplifying the measurements of: a and b) LAVmin; c and d) LVVd. It is possible to
observe in a) delimitation of the minimal planimetric area of the left atrium; b) determination of the minimum length of the left atrium
from the mitral annulus to the cardiac base; c) delimitation of the planimetric area of the left ventricle in diastole; d) determination of
left ventricular length in diastole from the cardiac apex to the mitral annulus.

Discussion respectively. This difference may be related to the lower

. . . . mean weight of the horses used by the authors above
The decrease in EF% 4 probably reflects impaired filing and (470 kg [516 + 39]). According fo Hoit et al. (1991), left and
decreased relaxatfion of the LV, affecting its compliance

(Bonomo et al. 2014). This temporary dysfunction was
probably caused by the acute inflammation resulting from
the surgical procedure (Voros et al. 1991). Physiologically, the
acute increase of inflammatory cytokines leads to decreased
cardiac contractility, diastolic dysfunction and increased

right ventricular filling is restricted by the pericardium, and an
increase in ventricular volume is observed in dogs submitted
to pericardiectomy. However, this fact was not observed in
the animals of the present study.

The mean EF % of the animals in this study is below the
: ” values documented by Giannico et al. (2015) of 64.63%,
capillary permeability. ~_ Michima (2003) of 66.38%, Mirian (2014) of 67.22% and Bello

The mean values of LVVs and LVVd of the horses in this o1 o - (2011) of 73.78%. This difference is probably due to the
study are higher than those documented by Bonomo ef al. fact that the horses used in this study were not athletes.

(2014), who found mean values of 242.08 and 711.04 ML \uiqn (2014) observed that the ejection fraction is increased

© 2019 EVJ Ltd
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in horses under training. When comparing the baseline EF\%
of the horses of this study with the values obtained in M1, a
significant reduction can be observed, but in M3 the values
increase again, nearly approaching the baseline. This
alteration may be related to the presence of post-operative
local inflammation; however, as stated by Li et al. (2013),
myocardial dysfunction induced by inflammation is a
temporary compensatory mechanism. In  other words,
temporary-reduced cardiac function in the face of acute
inflammation is advantageous in preventing stress-induced
cardiac injury.

Although there was no statistically significant difference in
left atrial volumes obtained by B-mode (Fig 1a and b), there
was a variation between the different time points. LAVmMax
and LAVmin decreased in the periods of 24 and 72 h after
the surgical procedure and increased again at M3. Such
reductions may reflect a lower preload, probably related to
reduced venous return, attributed to peripheral vasodilation,
resulfing from surgical inflammation.

The ventricular volumes obtained by B-mode (Fig 1c and
d) were not statistically different between the different time
points, but a tendency fowards volume reduction was
observed as of M1. It is suspected that this decrease was also
due to the decrease in preload and post-operative local
inflammation, but this alteration was temporary, and no
impairment was seen in cardiac function. It is possible that
the decrease in LVVd is related to the surgical procedure,
since an increase in final diastolic ventricular pressure may
occur in dogs submitted fo pericardiectomy (Hoit et al. 1991).
Diastolic phase begins with the closing of the semilunar
valves, followed by active ventricular relaxation, passive
ventricular filling and atrial confraction (Sousa 2006). When
there is an increase in final diastolic ventricular pressure, the
amount of blood reaching the ventricle is lower, as it
encounfers greater resistance when entfering this chamber
(Sousa 2006).

In further echocardiographic evaluations, no evidence of
increased preload after thoracoscopic pericardiectomy was
documented. In fact, a decrease was observed in the first
post-operative hours. This possibly occurred in response to a
decreased venous return, atfributed fo  peripheral
vasodilation, resulting from surgical inflammation, because
the inflammation can generate cytokine and lead to poor
systolic function (Marr and Bowen 2010d). At 28 days, the
previously observed alterations were not present anymore.

Although the findings of this study are significant, more
research should be performed to verify what occurs in horse
athletes after undergoing pericardiectomy. Besides, this work
presenfs some limitations, such as the small number of
animals used in the procedures, the short evaluation time
after surgery and the nonstandardisation of breed and age.

Conclusion

Echocardiography allowed the evaluation of maximum and
minimum left atrial volume, left ventricular volume in systole
and diastole, atrial ejection fraction and ventricular ejection
fraction, showing that pericardiectomy interfered in these
variables in a transient way for a maximum of 72 h.
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The Unwanted Horse Veterinary Relief Campaign (UHVRC)

is a non-profit joint effort between Merck Animal Health and
the American Association of Equine Practitioners (AAEP).
Through the program, qualifying equine rescue and retirement
facilities can receive complimentary equine vaccines for horses
in their care, protecting the horses’ health and making them
more adoptable.

See us at
AAEP in

Las Vegas
={o=0)

Get involved. Help rescued horses. To learn more contact
your Merck Animal Health sales representative or AAEP.

¢ORRE f§ © merc

Check us out on uhvrc.org

Contact: Wendy Murdoch
Tel: 540 675 2285 | 540 3056137
email: wendy@surefootequine.com

ison, NJ 07940
a.com » 800-521-5767
« ck

AAEP members are
entitled to an exclusive

35% discount
on all new subscriptions

Enter the code
AAEP35
at checkout.

Vezgxigun is designed to supporésyour
{ treatment of small and large animals, w
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@ stablelab

Stablelab detects infections
with 30 times greater sensitivity
than a thermometer.’

Stablelab is a hand held device that measures Serum
Amyloid A, a biomarker of infection, and provides results
in 10 minutes stall side.

STABLELAB

Detect

Detect and measure infection

NS

\Vilelalivels

Monitor response to treatment

6
Screen

Implement protocols to catch
problems early

Incorporate Stablelab into your routine clinical exams in cases such as:

Ascending placentitis General infections NICU
ADR Infectious disease Peritonitis
Cellulitis Joint sepsis/flare Pneumonia

Colic New foal exam Poor performance

Critical care Fever of unknown origin Postoperative follow up
Diarrhea Maladjusted foal Postpartum
EIPH Metritis Premature foal

hello@stablelab.com | www.stablelab.com

" Oertly. et al. The accuracy of Serum Amyloid A in determining early inflammation in horses following long-distance transportation by air.

AAEP Proceedings, 2017 460-461.

All trademarks are the property of Zoetis Services LLC or a related company or a licensor unless otherwise noted. Stablelab is a registered

trademark of Epona Biotech Limited, used under license. © 2020 Zoetis Services LLC. All rights reserved. STB-00074

Preoperative screening
Respiratory disease
Rhodococcus equi
Rotavirus

Shipping fever
Strangles

Viral infections
Umbilical infection

Zoetis



