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In July 2022, the AAEP 
Commission on Equine 
Veterinary Sustainability 
launched to develop 
strategies to retain and 
recruit more veterinarians to 
equine practice. In the 
ensuing months, more than 
50 members volunteered 
and were assigned to one of 
five subcommittees focused 
on developing resources in 
key areas affecting sustain-
ability of equine practice. 

We caught up with AAEP President Dr. Rob Franklin in 
early February to see how the commission is progressing. 

Q: Can you provide our members with an 
overview and purview of the Commission on 

Equine Veterinary Sustainability?

Dr. Franklin: The commission is our No. 1 strategic 
initiative for 2023, as it was last year. Sustainability is the 
most pressing problem we’re dealing with in equine 
practice, so it’s top of mind for everyone from the  
universities to private practices to industry. 

The commission has five pillars: compensation, emergency 
coverage, practice culture, internships and veterinary 
students. These represent the most important categories 
related to equine veterinary sustainability based on a  
comprehensive survey of practitioners and students 
conducted by Drs. Carol Clark and Jim Zeliff in 2021. 
Their interviews helped us understand where the pain 
points existed and provided us with the data to prioritize 
the five pillars. 

A subcommittee devoted to each pillar has two co-chairs 
and an officer liaison who collectively act as the commis-
sion’s steering committee. The steering committee provides 
oversight for a very complex problem-solving initiative in 
order to make sure the subcommittees are supporting each 
other and collectively accomplishing goals instead of  
individually attacking their own goals. 

Q. While identifying pain points for our members, 
has the process identified any misconceptions 

about equine practice? 

Dr. Franklin: One of the first objectives of the 
Compensation subcommittee was to conduct a broad 
survey of equine veterinarians, ranging from practice 
owners to new graduates, in order to get an accurate rep-
resentation of what people are being paid based off their 
W-2. More than 1,300 colleagues participated. Based on 
those responses, the average salary for a veterinarian in 
their first five years in equine practice is close to $90,000 

per annum, which is quite a bit higher than AVMA data 
has suggested and is not that far off some of the other dis-
ciplines. Do we have room to grow? Absolutely. But this is 
encouraging and quite different from what has been 
reported. 

Q: Some have blamed universities for downplay-
ing the prospects of a career in equine practice 
but at the same time there are ample stories of 
private practitioners discouraging students and 
others from equine practice during ride-alongs. 
How do we get cut through unproductive rhetoric 
to focus on the ultimate goal?

Dr. Franklin: Although negative sentiments have been 
heard at both the university level and in private practice, 
[2022 AAEP President] Dr. Emma Read really was able to 
change the focus from who’s saying what to let’s change 
the reputation of equine practice by making it a very 
desirable profession. So how do we do that? We make the 
compensation fair. We make the practice culture better. We 
make work-life balance a priority so that people can thrive 
personally and professionally in equine practice. We work 
on our emergency coverage to try to avoid burnout. When 
we go in and do the work of these subcommittees, we’ll 
ultimately change the reputation of equine practice and 
make it the desirable profession that it really is and should 
be. In turn, that will change how equine practice is 
discussed at the university level and by private practitio-
ners who are thriving in equine practice and are excited to 
share that with younger people who are interested. 

Q: Many new graduates enter internships to hone 
skills and gain practical experience but there 
seems to be anecdotal evidence of a dichotomy 
between intern and practice expectations. Is that 
fair to say?

Dr. Franklin: The equine internship is a valuable way to 
gain skills, knowledge and experience in a condensed 
period of time. It’s been valuable in both human and 
veterinary medicine for decades. The problem is that 
internships aren’t the same and the experiences can vary 
greatly, including types of horses seen, exposure to certain 
specialties within equine practice, the hours worked and 
the level of after-hours care. 

It all goes back to expectations and setting those expecta-
tions so that the veterinary practice is very clear and 
authentic about the experience they have to offer and so 
the intern can also make sure they realize what their 
expectations are and assure alignment. When there’s 
alignment in those expectations, the intern thrives. When 
either party has not been clear in setting those expecta-
tions, then the internship is more likely to be a negative 
experience and potentially jeopardize the young veterinari-
an’s long-term career in equine veterinary medicine. 

ASSOCIATIONASSOCIATION
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IV   AAEP News March 2023 ASSOCIATIONASSOCIATION

A Q&A with the president, continued

The Internship subcommittee is first and foremost looking 
to solidify what those expectations are from the practice 
standpoint and encourage the students to honestly 
consider what are the most important aspects of an 
internship to them. The good news is we have a wide 
array of internship experiences available to students 
throughout the country so I’m sure there’s the right 
internship available for everyone who is interested in 
equine veterinary medicine if we can make the decision-
making process a bit more clear for all parties. 

Q: What are the expected outcomes you’re 
looking for in 2023 from the commission and its 

subcommittees?

Dr. Franklin: We’re in the transition from discovery to 
implementation. That’s the goal of the subcommittees’ 
work this year—producing deliverables to our members 
that can help them actively deal with the problems related 
to veterinary sustainability. These will be composed of case 
studies highlighting some practices that are setting 
examples that people can mirror in their own practice, 
either in whole or in part. Tool kits will be developed 
featuring tangible things people can implement in their 
day-to-day practice that we know are going to improve 
things like practice culture, emergency duty, compensation 

and such. The third leg of the stool is establishing some 
best practices or benchmarks that we can all key off of. I 
see this information coming out throughout the year in 
written and oral form. And of course, we’ll have more 
recap on the progress of the commission at the annual 
convention in San Diego. 

Q. What’s your advice for AAEP members who 
want to be a part of the change in the 

profession? 

Dr. Franklin: Talking about it with your colleagues, rec-
ognizing where the pain points are that we’ve been able to 
identify and working toward making changes in those 
areas in your own personal practice. I believe all change 
really occurs organically at the ground level. So if someone 
is interested in helping with the commission, the best thing 
they can do is to improve the environment in their own 
practice. We’re trying to change the reputation of equine 
practice by actually changing equine practice, and that 
change has to start with individuals. Whether it’s a 
practice owner, an academic, an associate, an intern, or 
someone in industry, there are areas where we can all 
change and improve our personal situation that will 
ultimately result in the grassroots change that we’re 
hoping will occur. 

Season 3 of the AAEP’s Virtual Wednesday Round Tables 
premiered in March, offering members a double dose of 
online education and engagement each month with subject 
matter experts on important aspects of equine practice.

Available as a complimentary benefit of your membership 
on the second and fourth Wednesday of each month 
through October, the Round Tables are 90-minute virtual 
discussions similar to convention Table Topics. To partici-
pate in a particular session, simply register in advance 
through AAEP Anywhere at aaepanywhere.org.

Each month’s Round Tables feature one clinical and one 
non-clinical topic. Following is the tentative schedule of 
upcoming sessions:

March 22 How to Get the Most Out of an  
 Equine Internship

April 12 Chronic Management of Gastric Ulcers

April 26  Emergency Coverage

The 2023 season began March 8 with Lameness Cases 
Where Imaging and Blocking Don’t Make Sense. You can 
watch a recording of the session as well as sessions from 
2021 and 2022 on-demand through AAEP Anywhere. 
On-demand sessions are available approximately 48 
hours following the live session and include mentioned 
resources such as PowerPoint slides, images and more.  
CE credit is not offered for the Round Tables.

The AAEP thanks itsVirtual Wednesday Round Table 
sponsors:

Acquire expert insights during 2023 Virtual Wednesday Round Tables
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The AAEP board convened Jan. 22 for its winter board 
meeting with all directors present. Following is a synopsis 
of the meeting.

After introductory remarks by AAEP President Dr. Rob 
Franklin, the board discussed its strategic plan goals, 
beginning with an overview of the recently formed 
Commission on Equine Veterinary Sustainability and 
updates from the respective officer liaison to each of the 
commission’s five subcommittees. The board provided  
suggestions to each liaison to communicate back to their 
subcommittee members. 

To keep directors and officers apprised of commission 
activities and ensure created documents and resources 
align with AAEP policies, it was determined that the 
executive director will solicit briefings from the subcom-
mittees and provide a monthly update to the board. The 
board then passed a motion that any public-facing 
materials developed by a commission subcommittee must 
be reviewed and approved by the board of directors with 
the time allotted for review commensurate with the degree 
of urgency.

Discussion of The Profession goal of the strategic plan 
concluded with (1) a stated need for more frequent Zoom 
meetings of the steering committee to ensure satisfactory 
communication of the initiatives and resources developed 
by the various subcommittees, and (2) clarification of how 
board liaisons should interact with their respective 
committees.

Conversation then shifted to The Education and The 
Horse goals, the initial supporting strategies for which 
have been mostly completed as this plan was developed in 
2019. The board approved a staff request to conduct 
further market research on the annual convention attendee 
outcomes to ensure the meeting remains relevant for a 
changing demographic. 

Following strategic plan deliberations, the meeting’s focus 
transitioned to discussion and updates on the work of 
AAEP’s various committees. Specific actions taken were:

Committee to approve funding for DEI consultant/
facilitator Kim D’Abreu to present a training session 
at the 2023 Annual Convention.

and Public Policy Advisory Council’s work, of the 
following stakeholder comment to the AVMA 
concerning the latest FDA action toward making 
xylazine a Schedule III drug: 

The AAEP’s position is that xylazine and other alpha-2 
agonists should remain unscheduled substances. If theft 
from veterinary practices becomes a significant source of 
diverted xylazine, the AAEP will review this position. 

Although there were no formal recommendations within 
the other committees’ reports, discussion ensued relative to 
unsanctioned horse racing, an issue being addressed col-
laboratively by the Racing Committee and Welfare and 
Public Policy Advisory Council. The AVMA recently 
passed a resolution condemning this activity and the 
board, in solidarity, endorsed the AVMA resolution. 

In other committee-related discussion, the board: 

various working groups occur as part of the strategic 
planning cycle in the future.

Nominating Committee, which is conducting an 
audit of the AAEP Awards program in the coming 
year and may have forthcoming recommendations.

owner-trainer-veterinarian dynamic that arose from 
an issue in the past year be conveyed back to the 
Professional Conduct and Ethics Committee for  
consideration on further member education.

The AAEP board meeting concluded with general discussion 
of (1) the budgets for the AAEP and The Foundation for the 
Horse, (2) the Equine Disease Communication Center, and 
(3) the minutes from the November board meeting and 
from online voting since then.

The Foundation for the Horse board meeting then 
convened. Specific actions taken included:

parameters for mission areas including Research, 
Horses at Risk and Disaster Medicine, with the 
amendment to further edit the Horses at Risk 
parameters to include opportunities for domestic 
horses in transition. 

working groups: Research – Drs. Emma Adam and 
Betsy Charles; Horses at Risk – Dr. Erin Denney-
Jones; and Disaster Medicine – Drs. Jackie 
Christakos and Jim Zeliff.

The Foundation board meeting then adjourned. 

Sustainability, other priorities in focus at winter board meeting
By David Foley, AAEP Executive Director

Board members Dr. Erin Denney-Jones, left, and Dr. Tegan 
Easton, right.
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Give a richly deserving colleague the 
recognition they’ve earned by 
nominating the individual for an 
AAEP annual award. The presenta-
tion of annual awards is a highlight 
of each year’s President’s Luncheon 
at the annual convention as those 
serving the horse and profession in 
outstanding ways are celebrated in 
front of hundreds of their peers. 

The AAEP is accepting nominations in the following 
categories until June 1:

The Distinguished Educator – Academic Award 
honors an individual educator who by his or her actions 
and commitment has demonstrated a significant impact 
on the development and training of equine practitioners.

The Distinguished Educator – Mentor Award  
honors an individual who by his or her actions and 
commitment has demonstrated a significant impact on  
the development and training of equine practitioners 
through mentoring.

The Distinguished Life Member Award recognizes a 
member who has demonstrated outstanding or extraordi-
nary service to the AAEP over the course of their career. 

The Distinguished Service Award recognizes an 
individual who has provided exemplary service to the 
AAEP or a similar organization to the benefit of the 
horse, horse industry or the profession of equine 
veterinary medicine.

The George Stubbs Award recognizes the contribu-
tions made to equine veterinary medicine by individuals 
other than veterinarians.

The Sage Kester Beyond the Call Award is named 
in honor of its first recipient, the late General Wayne O. 
“Sage” Kester, DVM, and represents the highest honor 
bestowed by the AAEP upon a current or former member. 
The award is presented to an individual who has made 
significant and long-lasting contributions to equine 
veterinary medicine and the community.

The Lavin Cup (The Equine Welfare Award) 
recognizes a non-veterinary organization or individual 
that has demonstrated exceptional compassion or 
developed and enforced rules and guidelines for the 
welfare of horses.

The AAEP Research Award recognizes an individual 
who has recently completed research that has or will 
make a significant impact on the diagnosis, treatment or 
prevention of equine disease. Nominations are open to all 
individuals whose research is acknowledged by presenta-
tion or publication and by peer review as a significant 
advancement in equine medicine or innovation in equine 
science. Nominees must have had their research presented 
or published during the two years prior to when nomina-
tions are submitted to the AAEP.

Visit aaep.org/about-aaep/annual-awards for nomination 
forms as well as additional information about the awards 
and selection process. Nomination forms are also 
available from Sue Stivers at (859) 233-0147 or  
sstivers@aaep.org.

Award recipients will be honored at the  

AAEP’s 69th Annual Convention in  

San Diego, Calif., Nov. 29–Dec. 3, 2023.  

Reward excellence with an AAEP award nomination
Deadline to nominate is June 1

Dr. Harold Schott accepts the Distinguished Educator – 
Academic Award from 2022 AAEP President Dr. Emma Read 
during the 68th Annual Convention in San Antonio, Texas.
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1. Expand your ability to 
diagnose, treat and  
manage foot-related 
lameness by registering  
for AAEP’s Focus on 
Podiatry, June 22–24 in 
Lexington, Ky., at  
aaep.org/meetings.

5 things to know about AAEP this month

2. Log on for education and 
engagement with the return  
of the twice-monthly Virtual 
Wednesday Round Tables. 
Learn more and register for 
upcoming sessions at  
aaepanywhere.org.

3. Excellence will be rewarded 
when the AAEP’s annual 
awards are announced at the 
2023 annual convention. 
Download the nomination 
form at aaep.org/about-aaep/
annual-awards.

4. Seek advice on a difficult 
case or share your wisdom 
by joining the more than 
1,500 members of AAEP 
Member Vet Talk on 
Facebook. Search for the 
private group on Facebook 
to join. 

5. AAEP Virtual Convention  
participants are reminded  
that CE from on-demand 
viewing of educational 
sessions must be claimed  
by March 31.



Services provided by

The member assistance program is an AAEP-

Accessing Services 

 No 

To access online resources  * 

Download MYgroup App 

through the MYgroup app

Assessment and Counseling 

Legal Services 
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ACCESSING SERVICES

Toll-free: 800-633-3353

Website:  > 

Username: aaep
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AAEP leaders outline priorities on new Practice Life podcast

During the January episode of the AAEP Practice Life podcast, co-hosts Dr. Mike Pownall and Dr. Jessica Dunbar  
discuss association priorities and the state of equine practice with AAEP President Dr. Rob Franklin, President-elect  
Dr. Katie Garrett and Executive Director David Foley.

While addressing the link between effective mentorship and a rewarding career in equine practice, it was 
announced that the AAEP and The Foundation for the Horse are providing scholarships to early-career 
veterinarians to cover half the tuition for participation in either Decade One or MentorVet. These 
programs have achieved robust retention among graduates and, according to Dr. Franklin, help newer 
practitioners feel part of the professional community of their peers.

“We all need a sense of belonging in our personal and professional lives, and you feel like for so much of your early career 
you’re on the outside looking in,” said Dr. Franklin. “There are a lot of skills taught in MentorVet and Decade One about 
personal wellness and business and how to be a successful equine veterinarian, but one of the real big intangibles is just 
that sense of community and sense of belonging that they both deliver.”

Among other topics discussed are the importance of volunteering, recap of the annual convention, preview of AAEP’s  
2023 CE offerings and an update on the Commission on Equine Veterinary Sustainability and the work of its five 
subcommittees. Download or listen to the 34-minute episode at podcast.aaep.org or on iTunes.

The AAEP Practice Life podcast is sponsored by Boehringer Ingelheim.

In the latest episode of the Equine Veterinary Education podcast, Dr. Yvette Nout-Lomas discusses her 
review article, “Poor performance in the horse: Diagnosing the non-orthopaedic causes.” 

Dr. Nout-Lomas is an associate professor of equine internal medicine at Colorado State University College  
of Veterinary Medicine and Biomedical Sciences. Download or listen to the 38-minute episode at  
equineveterinaryeducation.podbean.com or on iTunes.

New EVE podcast looks at non-orthopaedic causes of poor performance

The AAEP has established a Horse Owner Education Committee whose  
responsibilities in part include developing strategies for client communication 
relative to the sustainability issue facing the equine veterinary profession.

Chaired by Dr. Sarah Reuss, the committee comprises Drs. Sarah Gold,  
Elizabeth Gorrell, Casey Gruber, Jessica Millwood, Jenna Moline, Valerie Moorman, 
Brittany Newsham, Christopher Newton, Elsbeth Swain O’Fallon, Nicole Scherrer, 
Thomas Timmons and Nathan Voris.

Additional responsibilities of the committee include reviewing and updating existing AAEP horse owner education resource 
materials to ensure both relevancy and accuracy; and establishing an ongoing process for new content development.  
AAEP Director of Education Karen Pautz serves as staff liaison to the committee. 

For more information, including how to get involved with future volunteer service on a council or committee,  
visit aaep.org/about-aaep/committees-and-councils.

Horse Owner Education Committee created
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The immersive meeting is limited to 60 participants for optimal 
instruction and skills acquisition. Small-group labs will reinforce 
pertinent lectures, providing the hands-on opportunity to expand 
your working knowledge of the foot, boost understanding of 
anatomy and biomechanics of podiatry issues, and develop skills to 
interpret degree of damage and devise mechanical solutions that 
facilitate healing and restoration of function. 

During hands-on sessions, you will:

the farrier

foot

and gluing techniques

Following daily sessions, evening social events will facilitate further 
discussions with instructors and fellow attendees, creating opportu-
nities to forge enduring professional relationships. 

Just a few of the meeting’s many practical takeaways include: 

traumatic avulsions and cracks

Presenters: 

CE Hours: 20+ hours

From the show ring and racetrack to the cross country course and 
pleasure trail, a healthy foot is critical to soundness and perfor-
mance. Unfortunately, foot-related lameness is an all-too-common 
frustration for owners and a unique challenge for equine veterinari-
ans. Successful management of the various causes and conditions 
requires navigating the knowledge gap in equine podiatry in which 
much of the information remains subjective, controversial or 
unclear.

Led by an elite team of veterinary podiatrists and farriers, the 
AAEP’s Focus on Podiatry will cut through the information clutter 
and instill a strong foundation of podiatry principles and 
techniques to help you diagnose, treat and prevent common to 
complicated foot diseases faced by your patients. 

Veterinarian Podiatrists:
Dr. Brian Beasley
Dr. Raul Bras
Dr. Teresa Burns
Dr. Scott Morrison
Dr. Jaret Pullen

Dr. Ric Redden
Dr. Daria Stöcker

Farriers:
Ronald Aalders
Mitch Taylor

Conquer foot lameness with hands-on training at Focus on Podiatry

Focus on Podiatry is sponsored by:

Attendance is limited so register early!

Focus on Podiatry will be held June 22–24 at 
Spy Coast Farm in Lexington, Ky. Attendance 
is capped at 60 participants, and all spots will 
be filled on a first-come basis. The AAEP-
member registration rate is $945.

Register for the meeting, view the program and 
book your hotel room at aaep.org/meetings. 



Sunshine and 80-degree warmth blanketed the 97 practi-
tioners who ventured from as far away as Switzerland to 
the coral sands of Grand Cayman for the AAEP’s 24th 
Annual Resort Symposium, Jan. 23–25. 

Three half-day educational sessions equipped attendees 
with new knowledge and valuable tips for preventing, rec-
ognizing and treating different ocular diseases; diagnosing 
musculoskeletal injuries using various imaging modalities; 
and improving the bottom line of their practices. After 
sessions, practitioners relaxed beachfront or poolside, 
making memories and friendships with colleagues.

If starting the new year at a laid back, tropical CE event 
sounds enticing, mark your calendar for the 25th Annual 
Resort Symposium, which will be held Jan. 22–24, 2024, 
at the oceanfront J.W. Marriott Guanacaste Resort in 
majestic Costa Rica. Additional information about the 
meeting will be announced later this year.

The AAEP thanks Zoetis for  
its ongoing sponsorship of the  
annual Resort Symposium. 
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MEMBERSHIP

Nearly 100 soak up sun and science at Resort Symposium 

Attendees enjoy the camaraderie of colleagues at the 
beachfront Welcome Reception.

CONTINUING EDUCATION

Member in the News

Dr. Gregory Ferraro reappointed to CHRB

California Gov. Gavin Newsom has reappointed Dr. Gregory Ferraro to the California Horse Racing 
Board, on which he currently serves as chair.

Dr. Ferraro, who earned his veterinary degree from UC Davis and spent over 25 years in racetrack 
veterinary practice, served as director of the UC Davis Center for Equine Health from 1997-2011 
and associate director of the UC Davis Veterinary Medical Teaching Hospital from 2011-2014. His 
AAEP service includes previous terms on the Educational Programs, Racing and Research 
committees, among others.Dr. Gregory 

Ferraro

Boost your purchasing power and save money on many 
of the products and services used in everyday practice by 
enrolling in the AAEP’s group purchasing program 
known as The Veterinary Club. 

A complimentary benefit of your AAEP membership, The 
Veterinary Club offers pre-negotiated discounts on a 
robust catalog of more than 450 contracted suppliers in 
Diagnostic Imaging, Facilities Management, Office 
Solutions, Pharmacy, Surgical and Medical Supplies, 
Laboratory, Computers and IT Solutions, etc. 

More than 800 AAEP members/practices are spending a 
combined $4 million annually through The Veterinary 
Club, accruing $750,000 in annual savings. This works 
out to average savings of $937 per participant, far 
exceeding the cost of their AAEP membership. 

“I was pleasantly surprised to find out we were eligible 
for a savings of 54% on radiation badges from Radiation 
Detection Company,” said Valley Equine Hospital’s Dr. 
Lori Kayashima. “We look forward to exploring other 
cost saving contracts on The Veterinary Club’s website.”

Start saving today by registering at TheVeterinaryClub.
com. If you have questions about this or other 
membership benefits, contact Megan Gray, member 
concierge, at mgray@aaep.org or (859) 233-0147. 

Benefit: Offset inflationary pressures with The Veterinary Club
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Editor’s note: This paper appears in the 2022 AAEP 
Annual Convention Proceedings and is being reprinted 
here due to the timeliness and relevance of the topic for 
many of our members.

1. Introduction 

Equine veterinary practice is highly rewarding, but it is 
not an easy career and equine ambulatory practice can be 
a hard way to make a living. Managing the business while 
juggling the challenges of daily appointments in addition 
to emergencies is difficult. Consequently, the overall 
success of any practice is sometimes determined more by 
business skills than veterinary skills. This paper will 
discuss some processes that may help facilitate collecting 
money at time of service and therefore keeping accounts 
receivable low. 

2. Materials and Methods 

Develop a Culture of Collection 
It’s important to develop the culture of collecting payment 
at time of service early in your career. This is a philosophy 
that should be in place at the start of your business. Both 
solo practitioners and group practices can establish this 
culture. Young veterinarians, due to their high debt load, 
are often better at thinking about being paid, so harness 
their motivation and that energy. In a group practice, 
foster a team approach by talking about accounts 
receivable and strategizing easy ways to get paid, but 
have one person leading the collections strategy. 

Take Time to Work on Your Business
It’s hard to say no to a horse in need, and sometimes you 
won’t be able to, but taking time to develop and maintain 
your business and carry out an accounts receivable 
strategy should also be treated as an emergency. Set aside 
a day to work on the business (i.e., no appointments). Set 
that expectation with yourself and your clients.

Manage Expectations 
During the appointment scheduling call or text, have the 
receptionist give the client an estimate and get a verbal 
approval that the estimate is agreed to. During the 
appointment, keep the client informed of the charges, and 
when recommending other treatments, make sure they 
know how that will affect the bill and get verbal approval 
to continue.

Logistics 

16th to the current 15th of the month. When clients 
pay their bills near the end of the month, your 
practice’s statement is sitting there waiting. 

well as PayPal and other online options. 

relentlessly (in some areas, it’s legal to contact clients 
in arrears once per day). 

collection agent if they don’t pay. The news will 
travel that your practice expects to get paid and this 
will naturally, eventually, weed out those who don’t 
intend to pay. 

credit cards on file the norm for people, so take 
advantage of this. 

card payments. 

-
lished credit with the business, half down and half in 
2 weeks, and have them sign a legal document 
promising to pay with the terms specifically outlined. 
Follow up with small claims court if they don’t fulfill 
their promise to pay. 

put on their account every month and then schedule 
their services when they have accumulated enough. 

Be Selective 
Say no or be especially suspicious about a new client 
calling with an emergency that has you driving past 2 or 
3 other veterinarians.

Be Known as “Expensive” 
Clients expect to pay “a lot” when they see you and are 
often overprepared for their bill, even though in reality 
it’s not much more than other clinics. The reputation has 
created the value. 

Get Business Consulting Help 
Join a Veterinary Management Group (VMG) or hire a 
private equine veterinary consulting firm to help analyze 
your practice, keep you engaged with the process of 
bettering the business, hold you accountable to work on 
the practice, and give you different ideas of how to do 
business. 

How to decrease accounts receivable in an ambulatory practice 

By Linda Hagerman, DVM

continued on next page
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Our passion is simple: do what’s right for the horse. It’s our Unconditional 
commitment to work tirelessly toward that goal by continually innovating and 
improving the products and programs that impact the health and wellbeing of 
horses. We stand arm in arm with all of you who share our devotion to the horse 
through our Unconditional dedication:

AAEP Educational Partner Profile: Merck Animal Health

How to decrease accounts receivable, continued

3. Results 

At this stage, performance can be measured and you have 
a way to periodically monitor it for continuous improve-
ment. One easy calculation is that accounts receivable 
total should be less than 9% of revenue. Another is to 
know the days outstanding or the days to collection 
number that your practice has and challenge yourself to 
get it as low as possible. The formula for that is as 
follows: Amount of accounts receivable (A/R) at the 
beginning of the period + Amount of A/R at the end of 
the period/2 = Average A/R. Take Total Sales divided by 
Average A/R = % of A/R to sales. Take that percent X 
365 = Days outstanding or days to collection. 

4. Discussion 

Veterinarians have been trained to excel in medicine but 
not as well in business. Decreasing accounts receivable by 
collecting payment at time of service and having a low 
A/R will create a profitable practice that offers good 
work/life balance.

Dr. Hagerman is owner and managing veterinarian at 
Tacoma Equine Hospital, a six-doctor predominantly 
ambulatory practice in Tacoma, Wash.

CONTINUING EDUCATION

Passion for People Who Care for Horses.  

The unique trust between horses and people fuels our commitment to creating premium equine health solutions, 
backed by a team of knowledgeable equine professionals. 

® app enables our Bio-Thermo® microchips to provide instant temperature 
monitoring and health records management

equine disease

Commitment to the Equine Industry.  

We champion programs that strengthen the bond between human and horse.

shapes disease response and enables us to update vaccines to account for current circulating strains

(ongoing) non-profit partnership with AAEP 

Commitment to Sustainability.  

We’re making critical investments in the health and longevity of the equine veterinary profession through 
multiple initiatives. 

-
sionals

wellbeing, productivity and peer collaboration

Learn more at merck-animal-health-usa.com/species/equine/equine-unconditional.
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                             Highlights of recent clinically relevant papers 

           ANTIMICROBIAL USE 

  This retrospective study by    Sarah Allen    and UK- based co- workers aimed 
to describe systemic antimicrobial use (AMU) in UK equine practice and 
identify factors associated with systemic and Category B AMU . 

 Anonymised electronic patient records (EPRs) for all equids at-
tended by 39 UK veterinary practices in 2018 were collected via 
the VetCompass programme. Systemic antimicrobial prescriptions 
were identified and indications for AMU were determined through 
manual review of a subset of EPRs. The types and frequency of sys-
temic antimicrobials prescribed, and indications were summarised. 
Practice-  and horse- related risk factors were evaluated. 

 Systemic antimicrobials were prescribed to 12,538 (19.5%) 
of 64,322 attended equids. Category B antimicrobials (third-  and 
fourth- generation cephalosporins, fluoroquinolones and polymixins) 
were prescribed to 1.9% of attended equids and in 8.9% of antimi-
crobial courses. Category B antimicrobials were used as first- line 
therapy in 947 cases (71.7%). Bacteriological culture was performed 
in 19.1% of Category B antimicrobial courses. The most prescribed 
antimicrobial classes were potentiated sulphonamides and tetracy-
clines. Integumentary disorders were the most common reason for 
systemic AMU. Urogenital disorders were the most common reason 
for Category B AMU. Increased odds of systemic and Category B 
AMU were observed in equids <1year compared with those aged 
5– 14years. Breed was associated with AMU, with odds of systemic 
and Category B AMU highest in Thoroughbreds and Thoroughbred 
crosses.  

    ACUTE DIARRHOE A 

  This multicentre study by    Diego Gomez and co- workers    in Canada and 
the United States describes the clinicopathological findings, diagnostic 
approach, treatment and factors associated with non- survival of diar-
rhoeic horses . 

 A total of 300 horses, 1- year- old, with acute diarrhoea were 
included and represented 1.6% (300/18,481) of admissions to four 
Canadian university teaching hospitals between 2015 and 2019. 
Seventy per cent of the horses survived to discharge. Testing 
for enteropathogens was limited to a single faecal culture for 
 Salmonella  spp. in most cases. An enteropathogen was identified in 
14% (42/300) of the horses; but, in the hospital with higher test-
ing rates, enteropathogens were detected in 29% (16/55) of cases. 
 Neorickettsia risticii  was the pathogen most frequently detected 

(31%, 32/102). Antimicrobial drugs and plasma were administered 
to 57 and 8% of the cases respectively. Laminitis occurred in 8% 
(24/298) of the horses. A multivariable regression model identified 
an association between non- survival of diarrhoeic horses and colic 
signs, increased heart rate, packed cell volume, creatinine concen-
tration and decreased total protein concentration. 

 These results indicated that a standardised approach for patho-
gen detection in diarrhoeic horses is not consistent among Canadian 
veterinary teaching hospitals, and testing for known pathogens is 
limited. Signs of colic, severe dehydration, endotoxaemia and hypo-
proteinaemia are associated with non- survival of diarrhoeic horses.  

    EQUINE CORONAVIRUS 

  This report by    Nathalie Fouché and co- workers    in Switzerland described 
clinical signs, diagnostic work- up and outcome of the first documented 
outbreak of equine coronavirus (ECoV) in Switzerland . 

 The outbreak occurred on a farm with 26 horses. Of these, seven 
horses developed clinical disease ranging from mild signs such as 
fever and anorexia to severe signs of acute colitis. One horse died 
due to severe endotoxaemia and circulatory shock secondary to 
severe acute necrotising enteritis and colitis. Five of the 26 horses 
tested positive for ECoV, including two ponies without any clinical 
signs of infection. Testing was only performed on one occasion, 
over a month after the onset of clinical signs in the first suspected 
case, so the low number of positive cases should be interpreted with 
caution. This report highlights the importance of diagnostic testing 
and early implementation of biosecurity measures on a farm with an 
ECoV outbreak. It should also raise the awareness for unspecific and 
mild clinical signs such as fever and anorexia in affected animals that 
are potentially able to spread the disease.  

    RESIDUAL EFFEC TS OF  IA  
CORTICOSTEROIDS 

  In this cross- over randomised trial US- based    Emma Partridge and co- 
workers    utilised an acute synovitis inflammation model to determine the 
residual effects of intra- articular (IA) betamethasone and triamcinolone 
acetonide on inflammatory parameters and lameness . 

 Five mixed- breed 2- year- old horses were randomly allocated to an 
IA treatment of the radiocarpal joint with 9 mg of either betamethasone 
or triamcinolone acetonide. Two weeks after treatment, the horses 

aaep.org/wiley-redirect 
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were injected with 1 μg of lipopolysaccharide (LPS) diluted in 1 ml of 
saline. Following LPS injection, horses were crossed over and both sets 
of injections repeated. Blood samples were collected at multiple time 
points for mRNA analysis, as well as serum amyloid A (SAA) and cor-
tisol concentration determination. Lameness was subjectively scored 
at each time point. Additional injections with saline- only or LPS- only 
(twice) were conducted as negative and positive controls respectively. 

 Corticosteroid- only treatment resulted in significant mRNA ex-
pression differences, as well as significant and prolonged cortisol 
suppression. Following LPS injection, there was a residual treat-
ment effect with triamcinolone evidenced by a significant treatment 
effect on  IL- 6  and  PTGS1  (cyclooxygenase- 1), lameness, SAA and 
cortisol concentrations, while only  IL- 6  expression was affected by 
betamethasone. 

 Triamcinolone acetonide has residual anti- inflammatory effects 
2weeks after administration. If these effects include enhanced perfor-
mance then the current 14 day period required for racing and competi-
tion may not be sufficient. The significant suppression of serum cortisol 
shows that administration of IA corticosteroids is not without risk.  

    MANAGEMENT OF  PPID  

  This clinical audit by    N. Steel and co- workers    in the UK compared treat-
ment and monitoring of pituitary pars intermedia dysfunction (PPID) 
cases in veterinary practice against the published recommendations of 
pergolide mesylate treatment, with monitoring of therapeutic response . 

 Case data and basal plasma adrenocorticotropic hormone (ACTH) 
concentrations from equids tested for PPID were obtained from a vet-
erinary practice in the UK. Treatment and monitoring data over the 
subsequent 2– 6years was compared with published recommenda-
tions. After exclusions, the audit population was 480 animals (median 
age 20years). The most common presenting signs were laminitis and/
or historical laminitis (51.2%) and hypertrichosis and/or delayed coat 
shedding (24.5%). Based on seasonally adjusted reference intervals for 
basal ACTH concentration, 51.7% of animals were classified as posi-
tive, 37.1% as negative and 11.3% as equivocal for PPID. 

 Records were available for 459 animals; of which pergolide 
treatment was initiated in 78.7% (185/235) of positive cases, 19.2% 
(10/52) of equivocal cases and 6.4% (11/172) of negative cases. 
Overall, 87.2% (129/148) of cases commenced treatment as per rec-
ommendations. Only 77.7% (160/206) of pergolide- treated animals 
had documented PPID monitoring and of these, only 48.1% (77/160) 
had follow- up basal ACTH testing 1– 3months following diagnosis. 
Management of PPID in veterinary practice fell below existing rec-
ommendations, especially for monitoring.  

    INSEC T BITE HYPERSENSITIVIT Y 

  The aim of this study by    Sarah Bjork Stefansdottir and co- workers    in 
Iceland and Switzerland was to establish a protocol for preventive vac-
cination against insect bite hypersensitivity (IBH) . 

 Insect bite hypersensitivity is caused by IgE- mediated reactions 
to bites of  Culicoides  midges characterised by an imbalance of T cell 
subsets. Intralymphatic (i.l.) vaccination with r- Culicoides allergens 
in aluminium hydroxide (alum) and monophosphoryl lipid A (MPLA) 
adjuvants has been shown to induce a desired Th1/regulatory T cell 
response. This study compared i.l. to subcutaneous (s.c.) injection. 

 Twelve healthy Icelandic horses were injected, i.l. or s.c., three 
times at 4- week intervals, using purified r- Culicoides allergens in 
alum/MPLA. Serum antibody levels and cytokine profile following in 
vitro re- stimulation of PBMC were analysed. Comparable allergen- 
specific IgG antibodies were induced following both routes of vacci-
nations. The antibodies showed similar capacity to block binding of 
IgE from IBH- affected horses to the allergens. Upon re- stimulation 
of PBMC, IL- 10 was induced. Horses vaccinated i.l. produced more 
IFN- γ and less IL- 4 compared to the horses injected s.c., but the dif-
ference did not reach significance. Applying the simpler s.c. injection 
instead of i.l. to obtain an immune response could be effective in IBH 
immunotherapy.  

          Sue     Wright         

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

   ORCID
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                                                                  E D I T O R I A L    

                             Advances in imaging of the equine distal limb: 2017– 2022 EVJ, 
EVE and VRU updates 

           Injuries and diseases of the distal limb constitute the commonest 
causes of lameness in horses, and diagnostic imaging plays a central 
role in their diagnosis. There have been tremendous advances in the 
development and application of diagnostic imaging techniques used 
to evaluate the distal limbs in the past 15– 20years, with advanced 
cross- sectional imaging modalities, such as magnetic resonance im-
aging (MRI) and computed tomography (CT), being increasingly uti-
lised to provide diagnostic information, in combination with the more 
‘traditional’ techniques of radiography and ultrasonography. These 
new imaging techniques do not replace radiography and ultrasonog-
raphy but complement them –  indeed each technique has its own 
advantages and limitations. Like many advances in veterinary med-
icine, these imaging modalities have transferred from their use in 
other areas, including human medicine, to use in animals. The initial 
reliance on MRI and CT scanners designed for use in people (which 
generally require the equine patient to be imaged whilst under gen-
eral anaesthesia) has now evolved into scanners that can be used 
to image the distal limb in standing horses, thereby increasing their 
practicality and availability in equine practice. The advanced imag-
ing ‘stable’ of MRI and CT has recently been strengthened by the 
introduction of positron emission tomography (PET), which will un-
doubtedly add to and further refine our diagnostic capabilities for 
conditions of the distal limb in the next 5years. 

  Equine Veterinary Education  (EVJ),  Equine Veterinary Journal  (EVJ) 
and  Veterinary Radiology and Ultrasound  (VRU) have joined forces 
to publish a virtual issue on advances in diagnostic imaging of the 
distal limb, highlighting a selection of some of the more interesting 

and important article published in these three journals over the past 
5years. This is the second joint issue that we have published, fol-
lowing on from the issue that we published in 2016, which reviewed 
articles focused on imaging of the head and neck. The three guest 
editors for the current virtual issue were Mathieu Spriet (on behalf 
of EVJ), Ann Carstens (on behalf of VRU) and Tim Mair (on behalf of 
EVE). Their challenge was to select ‘articles that give novel import-
ant information that is clinically relevant and applicable to the limb 
of the horse from the metacarpo/tarso- phalangeal joint and distally’. 

 We hope that this virtual issue will provide a useful and infor-
mative review of some of the exciting developments in diagnostic 
imaging of the distal limb that have occurred recently. With the ever- 
increasing technological improvements and availability of diagnostic 
imaging equipment, we can look forward to further advances in the 
coming years, which will continue to contribute to improved equine 
welfare by assisting in the prevention and treatment of diseases of 
the distal limbs.  

          Tim     Mair         
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                                  Spontaneous bilateral superficial digital flexor tendon rupture 
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        SUMMARY 

 An 11- year- old Quarter Horse gelding was evaluated for urticaria, 
generalised discomfort, distal limb oedema, spontaneous dropped 
fetlocks and progressive hindlimb lameness. Prior infection status 
with  Streptococcus equi  subspecies  equ i was unknown. The horse 
had bilateral hindlimb oedema, generalised wheals, progressive hind-
limb lameness, and dropped fetlocks of the right and left hindlimbs. 
The horse was intermittently pyrexic. The horse was treated with a 
combination of antibiotic therapy (enrofloxacin, penicillin), nonste-
roidal anti- inflammatory drugs (phenylbutazone) and corticosteroids 
(dexamethasone), with no improvement in clinical status. The horse 
was subjected to euthanasia due to the poor prognosis and unfavour-
able response to therapy. Post- mortem examination revealed unilat-
eral guttural pouch empyema, multifocal cutaneous infarction and 

bilateral rupture of the superficial digital flexor tendons (Figure  1 ). 
 Streptococcus equi  subspecies  equi  was isolated in pure culture from 
the guttural pouch. Microscopically, leukocytoclastic vasculitis typical 
of purpura haemorrhagica was documented in the skin. Unexpectedly, 
similar vasculitis was also observed in the superficial digital flexor 
tendons. This report documents the first reported equine case of 
suspected purpura haemorrhagica associated with leukocytoclastic 
vasculitis of the superficial digital flexor tendons and spontaneous 
tendon rupture. Spontaneous tendon rupture should be considered a 
potential sequela to infection with  Streptococcus equi  subspecies  equi  
in horses due to immune- mediated vasculitis.   

        K E Y W O R D S 
 horse ,    purpura haemorrhagica ,     Streptococcus equi  , 
   tendon rupture ,    vasculitis     

  Key points 

      •     Spontaneous tendon rupture should be considered a po-
tential sequela to infection with  Streptococcus equi  sub-
species  equi  in horses due to immune- mediated vasculitis. 

   •     The under- reported nature of this disease process further 
confirms the need to consider PH as a differential diagnosis 
for tendon rupture and for continued submission of cases 
for necropsy and ancillary testing when PH is suspected. 

   •     The differential diagnosis of PH for tendon rupture is im-
portant not only for the treatment and prognosis of the 
affected horse, but also for infectious disease control 
of  S.   equi , which is a highly contagious disease of equids 
and has zoonotic potential.   

  F I G U R E   1                   SDFT of the left hindlimb. At site of rupture (*), the 
tendon is discontinuous with haemorrhage in tendon and tendon 
sheath 
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        SUMMARY 

 An 18- year- old female Fjord horse presented with a history of recent 
progressive dysphagia, coughing and increased respiratory effort 
during exercise, which had not improved with administration of sys-
temic antimicrobials. During upper airway endoscopic examination, 
feed material was seen within the nasal cavity, pharynx and trachea. 
A soft tissue swelling was present at the dorsolateral aspect of the 
palatopharyngeal arch and caudal to the corniculate process of the 
right arytenoid cartilage, causing medial compression of the dorsal as-
pects of the arytenoids. A soft tissue mass at the dorsal aspect of the 
rima glottis and caudal to the right arytenoid appeared to protrude 
from the roof of the right side of the larynx/trachea causing partial 
obstruction of the rima glottis. On radiography, a large well- defined 
rounded soft tissue opacity mass was present at the dorsal aspect of 
the larynx, superimposed on the palatopharyngeal arch in the region 

of the cricopharyngeal sphincter of the oesophagus and cranial part 
of the oesophagus. Computed tomography was performed under gen-
eral anaesthesia and showed that the most cranial aspect of the oe-
sophageal wall and/or surrounding tissues were markedly thickened 
with mildly heterogeneous mixed soft tissue attenuation (30– 40 HU) 
(Figure  1 ). A small amount of hypoattenuating heterogeneous soft 
tissue protruded ventrally in between the arytenoid cartilages at 
the dorsal aspect of the larynx. In post- contrast images, there was 
minimal heterogeneous contrast enhancement of the thickened soft 
tissues circumferentially (50– 55 HU). Humane euthanasia was opted 
for due to the poor prognosis and lack of suitable surgical treatment 
options. Post mortem, histological and immunohistochemical exam-
ination provided a definitive diagnosis of leiomyoma of the proximal 
oesophagus. Neoplasia and more specifically a smooth muscle neo-
plasm, of the proximal cervical oesophagus has not previously been 
reported in horses.          

   K E Y W O R D S
 horse, leiomyoma, oesophagus, larynx, neoplasia   

  Key points 

      •     Neoplasia of the oesophagus occurs infrequently in the 
horse, and the majority of reported cases are squamous 
cell carcinoma located in the thoracic portion. 

   •     Although leiomyoma in the cranial aspect of the oesopha-
gus is considered a rare diagnosis due to the striated na-
ture of the muscularis layer in the proximal portion of the 
equine oesophagus, it should be included as a differential 
diagnosis for cases presenting with similar complaints and 
showing similar clinical findings. 

   •     CT was extremely valuable for ascertaining a probable 
diagnosis of neoplasia and determining the extent of the 
lesion and the prognosis ante- mortem.     F I G U R E   1                   Sagittal post- contrast MPR CT image (soft tissue 

filters) showing thickened cranial aspect of the oesophageal wall 
and/or surrounding tissues (arrowheads) 
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      SUMMARY 

 Case 1, a 6- week- old Arabian foal was presented with signs 
of colic. Upon arrival, the foal was severely painful and in 
acute distress. A severely distended, firm and painful swelling 
was present in the right inguinal area. Clinical findings sup-
ported the diagnosis of a nonreducible right inguinal hernia. 
The foal was admitted for surgery. Celiotomy through ventral 
midline approach revealed right indirect pelvic flexure hernia-
tion. An incision was made over the right inguinal canal; intra- 
abdominal traction was applied on the large colon from the 
ventral midline approach, while external pressure was applied 
on the pelvic flexure from the inguinal incision. The hernia was 
reduced and colonic viability assessed. Following several min-
utes, it was found grossly viable. The testis was spared by par-
tially closing the inguinal canal. The foal was discharged from 

the hospital 5days postoperatively. Follow- up confirmed he 
was healthy and was sold 2years later, as a breeding stallion. 

 Case 2, an 8- week- old Arabian foal was presented with signs 
of acute colic. Upon arrival, the foal was painful. The left ingui-
nal area was swollen, firm and painful on palpation. Thickened 
intestine, suggestive of a large colon, was noted upon ultra-
sonography. A presumptive diagnosis of nonreducible left in-
guinal hernia was made. The foal was admitted for surgery, and 
the surgical approach was similar to Case 1. The left inguinal 
incision exposed the pelvic flexure, herniated through a rent 
adjacent to the left vaginal ring (Figure 1). A diagnosis of di-
rect left inguinal hernia of the ascending colon was confirmed. 
The reduction was facilitated by intra- abdominal traction and 
enlargement of the left inguinal canal. The inguinal canal was 
partially closed, sparing the intact vaginal tunic. The foal was 
discharged from the hospital 5days postoperatively. At home, 
he recovered well and was sold 3years later as a breeding 
stallion.                        

   K E Y W O R D S 
horse ,    colic ,    direct ,    inguinal hernia ,    large colon     

 Key points 
     •     Strangulating large colon inguinal herniation is a rare con-

dition in the horse but should be included in the differen-
tial diagnoses. 

   •     Large colon inguinal herniation may be successfully 
treated surgically, using a combined ventral midline celi-
otomy and inguinal approach. 

   •     Partially closing the inguinal ring enables decreasing its 
size, thus reducing the chances for recurrence, while pre-
serving the involved testis.   

 FIGURE 1  Intraoperative image, Case 2: The pelvic flexure is her-
niated (white arrow), and the caecum (black arrow) exteriorised 
through the ventral midline

 This is an open access article under the terms of the  Creative Commons Attribution-NonCommercial-NoDerivs  License, which permits use and distribution in 
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 © 2022 The Authors.  Equine Veterinary Education  published by John Wiley & Sons Ltd on behalf of EVJ Ltd. 

aaep.org/wiley-redirect 



120 |     Equine Vet Educ. 2023;35:120.

            Received:    9 January 2022 |   Accepted:    1 June 2022  

 DOI: 10.1111/eve.13688_1 

                                                   C A S E  R E P O R T    

                             Duodenoduodenal intussusception in a 16- year- old German 
Warmblood mare 
         Rebecca       Mathys        1   |         Claudia     Graubner   1   |         Taina     Kaiponen   2   |         Llorenç     Grau- Roma   2   |   
      Elke     Van der Vekens   3   |         Christoph     Koch   1   |         Hervé     Brünisholz   1   
     1   Swiss Institute of Equine Medicine, Department of Clinical Veterinary Medicine, Vetsuisse Faculty   ,  University of Berne    ,  Bern   ,  Switzerland   

    2   Institute of Animal Pathology   ,  University of Bern    ,  Bern   ,  Switzerland   

    3   Division of Clinical Radiology, Department of Clinical Veterinary Medicine, Vetsuisse Faculty   ,  University of Berne    ,  Bern   ,  Switzerland  

    Correspondence:  Rebecca Mathys 
 Email:  rmathys@vetclinics.uzh.ch    

      SUMMARY 

 A 16- year- old German Warmblood mare was presented with an 
acute history of abdominal pain that failed to respond to medical 
treatment. On transrectal palpation, a mass with a diameter of 
10– 15cm was palpated to the right and dorsal in the abdomen. 
The mass could not be delineated cranially. Transcutaneous and 
transrectal ultrasound of the mass showed a so- called ring sign, 
which led to the suspicion of the presence of an intussusception 
involving the small intestine. Upon exploratory celiotomy, an in-
tussusception of the duodenum was identified. As the affected 
part of the duodenum could not be exteriorised and reduced, 
controlled resection and anastomosis of the affected segment 
of duodenum were deemed technically impossible, the mare was 
subjected to euthanasia in anaesthesia. In the post- mortem ex-
amination, the intussusception was located 50cm aboral to the 
stomach (Figure 1). The mucosa of the intussusceptum showed 
changes consistent with venous infarction. Immediately oral to 
the intussusception, a diverticulum measuring 5cm in diameter 

was found on the antimesenterial side of the intestinal wall. As 
histology showed a lack of the tunica muscularis in the diverticu-
lum, the diagnosis of a pseudodiverticulum was made. The serosal 
surface of the duodenum immediately aboral to the intussuscep-
tion showed several multifocal, red and slightly raised plaque- like 
lesions consistent with  hemomelasma ilei.  The tunica muscularis 
was hypertrophied in the area of the intussusception as well as up 
to 20cm aboral to it. A possible causative association between the 
segmental muscular hypertrophy in the duodenum, the presence 
of the pseudodiverticulum and the intussusception was made. 
As lesions consistent with  hemomelasma ilei  were found, involve-
ment of parasites in the pathogenesis of the segmental muscular 
hypertrophy cannot excluded. To the author ' s best knowledge, 
this is the first report of a duodenoduodenal intussusception in 
an adult horse. Hence, duodenoduodenal intussusception should 
be considered as a possible cause for acute colic in adult horses.  

   K E Y W O R D S 
horse ,    colic ,    diverticulum ,    duodenum ,    intussusception                            

 FIGURE 1  Post- mortem photograph showing the duodenoduodenal 
intussusception approximately 50cm aboral to the stomach. The 
black arrow indicates lesions consistent with  hemomelasma ilei 

  Key points 

      •     Duodenoduodenal intussusception is a rare form of intus-
susception of the small intestines in adult horses. 

   •     A so- called ring sign may be observed on transrectal or 
transcutaneous ultrasound examination in horses with 
intussusceptions. 

   •     In the case presented here, segmental muscular hypertro-
phy, a pseudodiverticulum, and lesions consistent with  he-
momelasma ilei  were identified as possible causative factors.   

 This is an open access article under the terms of the  Creative Commons Attribution-NonCommercial-NoDerivs  License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. 
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        SUMMARY 

 A 22- year- old American Quarter Horse gelding was referred to the 
JT Vaughan Large Animal Teaching Hospital at Auburn University, 
College of Veterinary Medicine for colic. A presumptive diagnosis 
of ileal impaction was made based on physical examination, history 
of coastal Bermuda hay diet, ultrasonography of the abdomen and 
clinical– pathological data. The gelding was treated with intravenous 
fluid therapy, 0.3 mg/kg intravenous  N - butylscopolammonium bro-
mide, continuous rate infusions (CRI) of intravenous lidocaine and 
detomidine. The gelding was closely monitored during this initial 
medical treatment; clinical examination and clinical– pathological data 
improved, although the gelding continued to demonstrate moderate 
signs of abdominal pain. Options discussed with the owner included 
further medical therapy (felt to be the least likely to succeed), explor-
atory celiotomy under general anaesthesia or a standing procedure to 
attempt to definitively diagnose and reduce the ileal impaction. The 
owner elected for the standing procedure. 

 The gelding was administered antibiotics and anti- inflammatories, 
positioned in stocks and sedated. The right paralumbar fossa was 
clipped, aseptically prepared and draped for surgery and a line block 

performed. A vertical flank incision, beginning 10cm cranial to the 
tuber coxae and extending 20cm ventrally, was made. The abdomen 
was accessed using a modified grid approach. Upon palpation of the 
abdominal contents, an approximately 80- cm ileal impaction, from 
the ileocaecal orifice to the distal jejunum, was identified. Manual 
massage of the impaction with sodium carboxymethylcellulose and 
saline was attempted; however, after no progress was appreciated 
after 15min, conversion to an enterotomy was elected. 

 The jejunum oral to the impaction was exteriorised. An approximately 
7- cm linear full- thickness incision was made on the anti- mesenteric sur-
face of the jejunum. A non- sterile assistant poured sterile saline over the 
exteriorised intestine such that the fluid ran from dorsal to ventral away 
from the abdominal incision (Figure  1 ). A medium bore nasogastric tube 
was introduced into the distal segment of the intestine; a non- sterile as-
sistant pumped in water via the nasogastric tube while the sterile surgery 
team balloted the intestine. Once the impaction was resolved, the ster-
ile surgeon could appreciate aboral movement of fluid from the ileum 
to the caecum via the ileocaecal orifice. The enterotomy was closed in 
two layers: a simple continuous pattern for the submucosa followed by a 
Cushing pattern in the seromuscular layer. The flank incision was closed, 
and the gelding returned to the stall.  

 The gelding was discharged 6days after surgery after successful 
treatment for post- operative reflux. Two weeks after surgery, the 
gelding re- presented for surgical treatment of an incisional abscess. 
At four- month follow- up, the gelding was reportedly doing well.       

   K E Y W O R D S 
 horse ,    abdominal surgery ,    non- strangulating , 
   small intestine ,    standing surgery     

  Key points 

      •     Standing reduction of ileal impactions via enterotomy 
could be a viable option for horses experiencing colic 
when general anaesthesia is not an option. 

   •     Owners should be warned of the need to convert to gen-
eral anaesthesia if the preoperative diagnosis is not con-
firmed or if the horse does not tolerate the procedure. 

   •     The potential for post- operative reflux and incisional complica-
tions is not eliminated by the standing nature of the surgery.   

  F I G U R E   1                   A 22- year- old gelding undergoing standing flank 
laparotomy and distal jejunal enterotomy for treatment of ileal 
impaction. 
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       In the case report in this issue, Boorman and Caldwell ( 2023 ) per-
formed a standing jejunal enterotomy in a systemically stable, 
22- year- old Quarter Horse gelding presented with multiple loops 
of distended small intestine on transrectal palpation and transab-
dominal ultrasound. The horse had a history of decreased appetite, 
episodes of abdominal pain for approximately 12 h, a diet of pasture 
grazing supplemented with coastal Bermuda hay, no net reflux after 
nasogastric intubation, a blood lactate of 2.5mmol/L and pale yellow 
peritoneal fluid with a lactate of 5.3mmol/L. Given this background 
and the fact that the horse was presented to a hospital in the south-
eastern region of the United States, the tentative diagnosis was an 
ileal impaction. 

 For those living in areas of the USA where ileal impactions are 
common, this tentative diagnosis seems reasonable. The only worri-
some finding was that the peritoneal lactate concentration was more 
than twice that of the blood lactate, particularly in an aged horse. 
One would have to be concerned about a possible strangulating le-
sion, although the other clinical findings to that point would make 
that seem less likely than a non- strangulating lesion. Based on the 
history, findings obtained at the initial workup and discussion with 
the owner, the patient was treated medically, which is what many 
clinicians faced with this type of case would do. If you have not 
read the case report, I suggest you do so now to gain a fuller under-
standing of what transpired over the ensuing 18.5h when the horse 
responded to fluid and analgesic therapies and the peritoneal fluid 
lactate concentration decreased to 2mmol/L. When signs of colic 
returned after cessation of a constant rate infusion of analgesics, the 
owners were given three options: continued medical management, 
exploratory celiotomy under general anaesthesia or a standing flank 
laparotomy. If the owners were amenable to the costs associated 
with surgery performed with the horse under general anaesthesia, it 
seems unlikely that the standing laparotomy option would have been 
offered. So, we are left to assume that the owners declined general 

anaesthesia and a midline celiotomy, and the clinicians were faced 
with continued medical management or providing the standing flank 
laparotomy approach as an alternative. It is as this junction that cli-
nicians '  views about how to proceed would differ; what option pro-
vides the best chance of resolution with minimal complications for 
the patient? In any case, the owners chose the standing flank lapa-
rotomy approach.  

    ARGUMENTS FOR A STANDING FL ANK 
L APAROTOMY 

 Medical management of patients with a presumptive diagnosis of 
non- strangulating obstruction of the small intestine can be challeng-
ing for two reasons. First, the diagnosis is presumptive, and you are 
always concerned about a strangulated loop of intestine being present 
 somewhere . The other reason is that these patients experience con-
tinual episodes of abdominal pain with dilated loops of small intestine. 
Managing this scenario requires prolonged sedation and analgesia, 
plus repeated abdominocenteses. During this process, it is common 
for confidence about the presumed diagnosis to wane over time with-
out resolution of the problem, or if mild changes in the peritoneal fluid 
occur. Given all of this, it made sense for the clinicians on this case to 
recommend an exploratory surgery. If an exploratory surgery under 
general anaesthesia was not an option for the owners, it is easy to 
understand why a standing flank laparotomy would make sense.  

    ARGUMENTS AGAINST A STANDING FL ANK 
L APAROTOMY 

 Although a standing flank laparotomy is not a novel approach for 
horses presenting with signs of colic, to my knowledge it is not a 
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well- described procedure for horses with ileal impactions. This is sig-
nificant because horses with ileal impactions tend to have metres of 
dilated loops of small intestine that can be unwieldy to control even 
through a ventral midline celiotomy. Consequently, taking this ap-
proach in a standing patient should stimulate the formation of a few 
questions. For instance, should the approach be via the left or right 
flank? How large will the incision need to be? How will the dilated 
small intestine be handled? What other intraoperative complications 
or difficulties should be expected? The authors chose a right- sided 
approach and discussed managing the dilated small intestine without 
complication through an incision that was deemed appropriately sized 
based on their successful completion of the surgery. Additionally, 
they described a successful method for performing a small intesti-
nal enterotomy to facilitate resolution of the lesion. Therefore, many 
may have the opinion that the results of the successful procedure are 
reason enough to justify it being performed. Others could argue that 
one success does not imply future successes or justify the procedure.  

    THE OUTCOME 

 As you will read in the case report itself, the horse had a set of un-
expected and remarkable complications. Fortunately, the underlying 
problem was identified and managed successfully. Does the positive 
outcome justify the decision to use the standing laparotomy ap-
proach? One could argue that it does, as the patient may not have re-
sponded to medical therapy, and the complications are just the cost 
of such an effort. However, what if the complications did not resolve 
and resulted in septic peritonitis, chronic kidney disease or chronic 
colic? Would we, and the owners, view the outcome differently? 

 An alternative approach, in this case, would have been to give 
the owners a different set of three options: continue with medical 
and analgesic therapy, surgical intervention with the horse under 
general anaesthesia or euthanasia. Given that most presumed 
non- strangulating obstructions of the small intestine are managed 

medically and some horses with presumed ileal impactions may take 
days to resolve, I believe I would have encouraged the owners to 
take the first option. I appreciate that this is certainly a difficult pe-
riod to idly wait and hope for resolution while the patient is intermit-
tently, or sometimes consistently, painful. In most cases, more time 
is just what is needed. However, not all resolve with more time and 
are ultimately euthanised. 

 Boorman and Caldwell should be commended for their willing-
ness to try something new and to make an effort to be proactive. 
While the outcome ultimately was positive, they did encounter some 
pretty serious complications. This is veterinary medicine. We make 
difficult decisions with options that we may not like. A horse ' s life 
was saved, and we learned how a case like this can progress. While I 
may have taken a different approach, I certainly will think about their 
case when I am presented with a similar situation.  
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        SUMMARY 

 Three horses were diagnosed with a dorsally located hernia/tear as-
sociated with either a penetrating injury (Case 1) or small intestinal 
incarceration producing colic signs (Cases 2 and 3). After diagnosis 
during exploratory thoracoscopy (Case 1) or emergency laparot-
omy (Cases 2 and 3), closure of the dorsal defect in the diaphragm 
was performed immediately (Case 1) or after 6days (Cases 2 and 3) 
through a standing thoracoscopic approach in all cases. 

 Horses were restrained in standing stocks and the appropriate 
thoracic region was prepared and draped aseptically. Standard drap-
ing and local anaesthesia of the skin and subcutaneous tissues at the 
selected thoracoscopic portals were performed. For the first case, 
with the aid of laparoscopic instruments (needle holder, Babcock 
forceps, Kelly forceps and scissors), the laceration was closed with 
absorbable barbed suture (0 USP) placed in a simple continuous fash-
ion. Two suture lines were required for correct closure of the defect 
as the margins of the defect were friable. The thoracic wound was 
debrided under thoracoscopic guidance and closed by delayed pri-
mary closure using non- absorbable suture. For the second case, the 
defect was closed and then oversewn with two absorbable barbed 

sutures (2- 0 and 0 USP) placed in a simple continuous fashion with 
an automated suturing device (Figure  1 ). The last horse ' s defect was 
closed and oversewn with three barbed sutures (0 USP) placed in a 
simple continuous fashion with an articulated suturing device.  

 The horses were discharged 6 days (Case 3) and 14 days (Cases 
1 and 2) after surgery. 

 Telephone follow- up revealed that all horses were alive 2 to 3 
years after surgery and fully recovered from the injury. No complica-
tions or recurrence were reported by the owners and all horses went 
back to their previous use.       
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 Key points 

     •     Standing thoracoscopic herniorrhaphy is a reliable tech-
nique and shows promise for correction of small dorsal 
diaphragmatic defects. 

   •     The combination of an automated suturing device with 
barbed sutures yielded a good outcome in all cases and re-
quired minimal training before its use. However, surgeons less 
familiar with the device and comfortable with direct thoraco-
scopic suturing can still successfully use barbed suture. 

   •     This approach eliminates the risks and costs associated 
with general anaesthesia, can improve surgery time, 
facilitates defect closure and allows accurate suture 
placement.     F I G U R E   1                   Intra- operative laparoscopic image of the automated 

suturing device used to close the diaphragmatic defect of Case 2. 
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       Thoracoscopy in the horse is useful for both diagnostic procedures 
and minimally invasive access to the thorax for surgical procedures. 
Depending on the surgical approach, various structures within the 
thorax can be visualised. In the article ‘Use of barbed suture for 
thoracoscopic repair of diaphragmatic hernias: Three cases’ (Kamus 
et al.,  2023 ), thoracoscopy was utilised to repair diaphragmatic her-
nias on various aspects of the diaphragm in horses. There are three 
main surgical approaches to the diaphragm via thoracoscopy: dorsal 
recumbency, lateral recumbency or while under standing anaesthe-
sia utilising pharmacological restraint. These approaches provide 
different options for viewing of the diaphragm based on organ po-
sitioning as well as associated cardiopulmonary effects, and each 
has their own advantages for their use depending on the individual ' s 
needs for thoracoscopy. 

 When dorsal or lateral recumbency is utilised for thoracos-
copy, general anaesthesia is required. In the horse, general anaes-
thesia has increased the risk of complications including myopathy, 
post- anaesthetic ileus and associated risks of recovery (Deustch & 
Taylor,  2022 ). In addition, when under general anaesthesia, insuf-
flation with carbon dioxide is required as bilateral pneumothorax is 
more likely to occur (Doherty, et al.,  2022 ). The benefits of general 
anaesthesia include improved visualisation of the ventral lung sur-
faces, ventral thoracic cavity, diaphragmatic surfaces and the lateral 
surface of the heart (Klohnen & Peroni,  2000 ). These factors are 
to be considered when determining whether general anaesthesia 
is indicated or if the procedure could be performed under standing 
pharmacological restraint. 

 Dorsal recumbency is utilised for visualisation of the ventral 
aspect of the diaphragm. To achieve better observation of the most 
cranial surfaces of the diaphragm, it has been reported that horses 
should be placed in dorsal recumbency, slightly leaning towards the 
opposite direction of the operating site (about 45 degrees) and in 
a reverse Trendelenburg position. Horses in dorsal recumbency 
have increased abnormal ventilation– perfusion mismatch, shunt 
formation and lower arterial oxygen tension (PaO 2 ) in comparison 
with lateral recumbency. The ventilation– perfusion mismatch in 
recumbency causes significant differences in arterial and alveolar 

oxygen tension and leads to decreased functional residual capacity 
and development of atelectasis. It is believed the increase in gastric 
and thoracic expiratory pressures in recumbency versus the natu-
ral standing position of the horse is responsible for the decrease in 
functional residual capacity and airway closure during recumbency 
(Nyman & Hedenstierna,  1989 ). The ratio of ventilation to perfusion 
is the primary determinant of pulmonary gas exchange, which ex-
presses the decrease in gas exchange when horses are placed in re-
cumbency, with dorsal recumbency having a more significant shunt 
in comparison with lateral recumbency (Uquillas et al.,  2017 ). 

 In lateral recumbency, more dorsal defects of the diaphragm can 
be observed. Furthermore, positioning in lateral recumbency shifts 
the intestines caudally allowing for exposure of the ventral aspect 
of the diaphragm (Toth & Schumacher,  2018 ). The dependent lung 
lobe in lateral recumbency has impaired pulmonary function, and 
this effect is noted to be more severe in right lateral recumbency 
in comparison with left lateral recumbency. Systolic, diastolic and 
mean arterial pressures are increased in both left and right lateral 
recumbency (Youngblood et al.,  2020 ). 

 Positioning of the head has a major effect on organ placement 
under general anaesthesia. The reverse Trendelenburg position 
shifts the intestines caudally, decreasing gastric pressure on the di-
aphragm and aiding visualisation within the thorax. When situated 
in the reverse Trendelenburg position, where the horse ' s head is 
in an upward position, gas exchange is better preserved compared 
with the head down Trendelenburg position, especially if applied 
from the start of anaesthesia (Binetti et al.,  2018 ). In Trendelenburg 
positioning, oxygen saturation (SpO 2 ) and transdiaphragmatic expi-
ratory pressure are decreased (Youngblood et al.,  2020 ). Thoracic 
expiratory pressure is decreased in both standing anaesthetic pro-
cedures and when placed in the reverse Trendelenburg position. 
However, it should be noted the heart rate is increased in the reverse 
Trendelenburg position and the systolic, diastolic and mean arterial 
pressures are noted to be decreased in the reverse Trendelenburg 
position. 

 Intermittent positive pressure ventilation (IPPV) is also re-
quired for thoracoscopy under general anaesthesia because of the 
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increased predisposition for bilateral pneumothorax to occur in the 
anaesthetised horse than when standing (Potchileev, et al.,  2022 ). In 
addition, lung volume is greatly reduced while in recumbency (Toth 
& Schumacher,  2018 ). The natural anatomic positioning of organs al-
lows for optimal pulmonary function and gas exchange. Recumbency 
alters organ placement, leading to abdominal organs increasing pres-
sure on the diaphragm with direct negative consequences for gas 
exchange. Controlling ventilation through IPPV, arterial blood gas 
levels can be maintained at normal levels to counteract the effects 
of gravity leading to progressive atelectasis, left to right pulmonary 
vascular shunts, ventilation– perfusion mismatch and reduction in 
cardiac output. Arterial hypoxaemia still is a problem, especially 
during dorsal recumbency, but the acid– base status can be improved 
(Shawley & Mandsager,  1990 ). The downside of IPPV are the effects 
it has on the cardiopulmonary system, notably the interference of 
normal venous filling of the vena cava and right atrium, leading to a 
decrease in cardiac output and arterial blood pressure. Rapid initi-
ation of IPPV is utilised to reduce severity of hypoxaemia, because 
once anaesthesia is induced, relative hypoxaemia can result from 
ventilation– perfusion mismatching, and shunt development may 
occur (Shawley & Mandsager,  1990 ). Continuous monitoring during 
anaesthesia can help prevent the negative effects of IPPV. 

 Standing is the natural position of the horse, allowing for anatom-
ical organ location, so cardiopulmonary effects from organ displace-
ment and impacts of gravity on dead space are not a problem such 
as when under general anaesthesia (Romero & Rodgerson,  2010 ). 
(Romero & Rodgerson,  2010 ) For example, gastric expiratory pres-
sure is reduced in comparison with dorsal recumbency (Youngblood 
et al.,  2020 ). A study by Peroni et al. ( 2000 ) performed on phar-
macologically restrained, healthy and awake horses found no det-
rimental cardiopulmonary effects or postoperative complications 
within the first 48- h period after standing thoracoscopy. Standing 
thoracoscopy has been observed to be well tolerated in a majority 
of cases, though signs of anxiety, including flaring of the nostrils, 
restlessness and increased respiratory rate intermittently through 
procedures have been described (Vachon & Fischer,  1998 ). Standing 
thoracoscopy provides visualisation of the dorsal aspect of the tho-
racic cavity (Pollock & Russell,  2006 ). However, there is limited to 
no visualisation of the ventral cranial diaphragmatic and the cranial 
mediastinal surfaces of the thoracic cavity cranial to the aortic root 
(Vachon & Fischer,  1998 ). 

 Standing thoracoscopy is utilised under a lighter plane of anaes-
thesia with the horse placed in stocks, avoiding the risks of general 
anaesthesia and the need for positive pressure ventilation and in-
sufflation. Pneumothorax for standing anaesthesia is induced by in-
serting a teat cannula allowing atmospheric air to enter the thorax 
on the side of operation. The lung on the ipsilateral side is allowed 
to collapse to increase visualisation and decrease risk of trauma to 
the lung by instruments. Pneumoperitoneum can also be induced 
with CO 2 . The occurrence of bilateral pneumothorax is more com-
mon when insufflation with CO 2  is not employed. The intrapleu-
ral pressure should be monitored to avoid pressure greater than 
4mmHg as increased pressure causes cardiovascular and pulmonary 

deterioration in dogs (Lugo & Carr,  2018 ). Because of the potential 
for bilateral pneumothorax, the surgeon should always have suction 
readily available in case a bilateral pneumothorax occurs. No adverse 
alterations in haematology, plasma chemistry values or cardiopul-
monary function have been described to occur during laparoscopy 
under standing chemical restraint. A mild inflammatory response is 
induced by pneumoperitoneum with CO 2  and should also be moni-
tored (Latimer et al.,  2003 ). 

 There are many benefits to utilising thoracoscopy for minimally 
invasive diagnostic and surgical procedures in the thorax. This in-
cludes dorsal recumbency and lateral recumbency, performed under 
general anaesthesia with the head in either reverse Trendeleburg or 
Trendelenburg position or under standing pharmacological restraint. 
Each has benefits in viewing various aspects of the diaphragm, organ 
placement and associated cardiopulmonary effects, which should be 
taken into account when determining the surgical strategy for each 
individual patient.  
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        SUMMARY 

 An obese 17- year- old Shetland- pony mare with a history of recur-
rent colic was presented for investigation of colic signs of a few 
hours’ duration and tachycardia. On presentation, she showed 
no overt colic signs but had mild- to- moderate abdominal disten-
sion. Haematology and biochemistry profiles were unremarkable. 
Abdominocentesis was unsuccessful, and rectal examination was not 
possible. Transabdominal ultrasound examination identified a large 
amount of multilobulated or layered tissue that was hypoechoic to 
the adjacent retroperitoneal fat within the caudal and ventral abdo-
men, extending dorsally into the mid- abdomen between the intesti-
nal structures (Figure  1 ).  

 The colic episode resolved with medical management, but it 
was elected to perform an exploratory laparotomy to investigate 
the recurrent colic episodes. A lipoma at the mesenteric attach-
ment of the mid- jejunum (thought to have caused intermittent 

extraluminal compression) as well as abnormally thick layers of fat 
in the mesentery of both small and large intestine (compatible with 
lipomatosis) were identified. The lipoma was extirpated, and the 
resultant mesenteric and serosal defects closed. There was no fur-
ther involvement of the intestines, and no other surgical treatment 
was undertaken. 

 Post- operative recovery was uneventful. A strict diet was en-
forced, resulting in marked weight loss over the 12- week post- 
surgery period with an improvement of the body condition. 
Follow- up abdominal ultrasound examination identified a reduction 
in the thickness of the retroperitoneal fat layer and the abnormal 
multilobulated tissue. 

 The mare displayed one colic episode 10 days after surgery that 
resolved rapidly after flunixin meglumine administration and did not 
show any further colic signs during the 6- month period post- surgery 
(to the time of writing). 

 This is the first case report detailing the ultrasonographic find-
ings in a case of extensive mesenteric lipomatosis in a pony and de-
scribing the ultrasonographic improvement following a weight loss 
programme.  

    K E Y W O R D S 
 horse, ultrasound, colic, diagnostic, lipomatosis  

      

  Key points 

      •     Abdominal lipomatosis may be diagnosed by ultrasound 
examination of the abdomen. 

   •     Weight loss may help reduce the mesenteric fat 
accumulation. 

   •     Mesenteric lipomatosis can have a favourable outcome 
when there is no involvement of the intestine layers and 
no extraluminal obstruction.     F I G U R E   1                   Ultrasonographic appearance of the lipomatous 

mass— left inguinal region 
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       Recurrent colic episodes are a diagnostic challenge. We see increas-
ing cases, mostly involving the large colon. This clinical condition, 
often termed ‘unhappy hindgut syndrome’, is not yet well- defined. 
While obese horses may have substantial mesenteric fat infiltration, 
we rarely see lipomatosis. 

 When a strangulating lipoma does occur, it often affects the 
small intestine and presents as an acute colic episode. It occurs fre-
quently in older horses with a frequency related more to the horse ' s 
age than to high body condition score. 

 Recurrent colic episodes are frustrating for both owners and 
vets, often addressed on a case- by- case basis, diagnosed nonspe-
cifically and inappropriately as ‘colic prone’, and frequently treated 
symptomatically instead of causally. Indeed, sometimes recurrent 
colic episodes due to large colon entrapment in the nephrosplenic 
ligament are treated by closing the nephrosplenic space, without 
investigating the reason why the large colon recurrently moves up-
wards to the nephrosplenic space. This can prevent the entrapment 
but does not treat the cause, which remains, potentially causing 
other symptoms. Indeed, sometimes treating the cause first may 
render the surgical closure of the nephrosplenic space unnecessary. 

 The first step in evaluating the cause of the colic episode is a 
complete clinical examination, the steps of which may need priori-
tisation and ordering according to the clinical situation and amount 
of pain present. 

 We check the heart rate early, certainly before the administra-
tion of any pain medicine. However, checking heart rate immediately 
after a long journey may give misleading results. 

 If we suspect acute gastric distension, a quick check of the stom-
ach, by trans- abdominal ultrasound, can confirm the need to imme-
diately pass a stomach tube, before performing a rectal examination. 
In this way, we can avoid the risk of a gastric rupture and have a less 
painful and more cooperative horse during the remaining work- up. 

 On the contrary, if marked distension of the abdomen is clearly 
identifiable at inspection, doing the rectal examination first can 
allow early trans- rectal decompression, thus avoiding respiratory 
arrest from high intrabdominal pressure and alleviating the horse ' s 
pain. Thus, although the entire examination is necessary, the order 
of the steps is a matter of good clinical judgement. 

 The diagnostic work- up of every colic case should include the 
uniquely useful modality of trans- abdominal ultrasound, especially 
beneficial in cases in which it is neither possible nor safe for the vet 
to do a rectal examination, as in the clinical case presented in this 
issue ' s article by Lesca et al. ( 2023 ). 

 Although ultrasound equipment is widely available, many equine 
vets still under- use it in the evaluation of colic. Ultrasound is espe-
cially useful during field work- up, even with the cheapest equipment 
and sub- optimal probes. It yields a wealth of information about the 
small intestine, large intestine, caecum and large colon, and most 
importantly, the stomach. It reveals information about distention 
and motility as well as about the presence and quantity of peritoneal 
fluid. 

 It is difficult to evaluate the equine stomach with clinical exam-
ination, even with nasogastric intubation, especially in the presence 
of dry food constipation. Additionally, it is difficult to pass a stomach 
tube in an uncooperative horse. 

 On the contrary, trans- abdominal ultrasound of the stomach is 
easy and quick, and provides unique information. Furthermore, it 
may guide the decision to pass or not pass a stomach tube, avoiding 
the stress and danger sometimes accompanying this procedure. 

 Trans- abdominal ultrasound is useful when we suspect consti-
pation of the stomach with dry food. We give the horse 4– 5 litres 
of tap water while evaluating with ultrasound to outline the mass 
present in the stomach (Figure  1  shows this with aqueous contrast 
medium).  

 We do paracentesis in every colic case since abdominal ultra-
sound is essential to choosing the best location for the tap. Some ap-
proaches in this procedure are time consuming, which is why some 
surgeons do it only when necessary for diagnosis or for determining 
the need for laparotomy. 

 However, our paracentesis during the trans- abdominal ultra-
sound examination of each colic case takes <5min with quick prepa-
ration. We use a 21- gauge needle and determine the depth from the 
ultrasound. We have never had a complication, not even in the rare 
case of puncture of an intestinal loop. 

 Examination of the peritoneal fluid for total protein and lactate is 
quick and doable in the field, even with cheap instrumentation. The 
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information it provides can guide the decision for immediate explor-
ative laparotomy and can also help the prognosis, which allows the 
owner to make more informed decisions. 

 Of course, some cases are beyond remedy with the only option 
being to control the animal ' s pain. This decision should not be taken 
lightly and peritoneal fluid examination can guide it. 

 In this issue ' s article by Lesca et al. ( 2023 ), trans- abdominal ul-
trasound was fundamental in reaching a presumptive diagnosis and 
guiding the decision for an explorative laparotomy. Ultrasound in 
the field can be most useful in determining whether to manage the 
horse in the field or quickly refer to a clinic when prompt referral can 
strongly influence the outcome of the case. 

 Complete examination, including rectal exploration and trans- 
abdominal ultrasound, is mandatory for even simple- appearing 
colic cases. Omitting one or the other can involve malpractice li-
ability with all its inconvenience, embarrassment and financial 
consequences. 

 The normally present adipose tissue between the abdominal wall 
and peritoneum can present a special problem in the obese horse 
because of its thickness and the poor ultrasound characteristics of 
the adipose. 

 Adipose tissue is typically found between the abdominal wall and 
peritoneum; nevertheless, it can seriously compromise ultrasound 
images in obese horses, like the one described by Lesca et al. ( 2023 ). 
This is due both to its thickness in these horses and the fact that 
adipose tissue is a poor ultrasound medium. 

 Worse yet, the thickness of this adipose tissue is not uniform, 
and even small movements of the ultrasound probe can reveal the 
thickness differences. Knowing this is important when doing an ab-
dominal tap to obtain a peritoneal fluid sample. 

 Lesca ' s sonograms not only clearly identified normal adipose tis-
sue but also demonstrated abnormal layered tissue in another loca-
tion. This suggested, in conjunction with the other clinical data and 
the anamnesis of the pony, the need for explorative laparotomy. 

 While explorative laparotomy is certainly a diagnostic proce-
dure, it is not a shortcut that diminishes our responsibility to col-
lect all data before reaching a diagnosis or initiating an explorative 
laparotomy. 

 In some countries, the proliferation of medical insurance for 
horses tends to influence the decision process. Nevertheless, our 
ethical code obliges us to do our best to preserve the life, dignity 
and value of our horses. Collecting all possible data, before reaching 
a diagnosis, is surely the best way to achieve this goal.  
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  F I G U R E   1                   Trans- abdominal ultrasound with watery contrast medium of the left abdominal wall, 13th intercostal space. 1: Normal 
abdominal wall; 2: Water administered by nasogastric tube. 3: Solid material, dry food, inside the stomach. This sonogram was obtained with 
a wide- bandwidth 1– 8 MHz convex linear array transducer, operating at 5.0 MHz, at a display depth of 17cm 
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      SUMMARY 

 Ulnar fractures in three horses were repaired using plate fixation 
while sedated and restrained in stocks in the standing position. In 
each horse, the triceps muscle attachment was intact. All horses  
recovered well from surgery and were stabled for 3months. The 
plate was removed three months after surgery in one of the 
horses because of a surgical site infection. The placement of a 
lag screw across the fracture line helped to reduce the fracture 
before placement of the plate in one of the cases. Intraoperative 
radiographs are difficult to achieve without potentially increasing 
the chance of contamination. The use of a locking compression 
plate (LCP) meant that less emphasis was placed on achieving bi- 
cortical screws at all screw holes, which was beneficial as radio-
graphic guidance was not employed in these cases until after the 
plates were placed. Surgical site infections have been reported to 
reach 11%– 20% of cases when repaired under GA. Palpation of 
the fracture pre-  and postreduction, presurgical measurement of 

the screw lengths, and the placement of purposely shorter screws 
near the joint were simple steps employed to ensure the least 
number of radiographs were required. Conversion to general an-
aesthesia may be required if the reduction is not achievable or 
further displacement or inability to achieve extension of the limb 
was to occur. The length of the incision required for this surgery 
may increase the risk of developing a surgical site infection when 
compared to other standing fracture repairs such as lateral con-
dylar fractures of the cannon or sagittal fractures of the pastern, 
that can be performed through stab incisions. Fractures are the 
main reason for equine fatalities (71.4%) during anaesthetic re-
covery. This risk is increased in cases where a fracture repair took 
place during anaesthesia. Standing surgical procedures carry a 
risk of injury to the veterinary surgeon and the other members of 
staff involved. In all three cases, the fracture was adequately re-
duced, and the horses returned to showjumping, pleasure riding 
and pasture turnout with a view to begin training (Figure 1). This 
is the first small case series describing olecranon fracture repair 
in the standing horse. It is a surgical technique that negates the 
risks of general anaesthesia; however, there are challenges and 
increased risks as outlined above.  

   K E Y W O R D S 
horse ,    elbow ,    fracture ,    repair ,    standing                            

 FIGURE 1  Mediolateral radiograph of the left elbow after surgery 
showing a complete reduction of the fracture (Case 1)

  Key points 

      •     Three olecranon fractures were repaired successfully 
with the horse standing. 

   •     Olecranon fracture repair standing has its limitations, in-
cluding difficulties in obtaining intraoperative radiographs 
and an increased potential for surgical site infections. 

   •     Standing surgical repair of olecranon fractures can poten-
tially help reduce postanaesthetic fatalities.   

aaep.org/wiley-redirect 



132 |   Equine Vet Educ. 2023;35:132–138.© 2022 EVJ Ltd.

       Received:   14 July 2022  |   Accepted:   14 July 2022   

 DOI: 10.1111/eve.13710   

                                                                 C L I N I C A L  C O M M E N T A R Y    

                                  Management of ulna fractures in adult horses 

            Jörg A.     Auer        1    |         Anton E.     Fürst   2   |             Regula     Bettschart- Wolfensberger   2    |         Matthias     Haab   3   

     1      Lenzburg   ,  Switzerland   

    2   Vetsuisse Faculty   ,  University of Zurich –  Equine Hospital Zurich    ,  Lenzburg   ,  Switzerland   

    3      Feldbach   ,  Switzerland  

    Correspondence :   Jörg Auer 
 Email:  jauer@swissonline.ch      

   Keywords:  horse ,    internal fixation ,    kick injuries ,    LCP ,    ulna fracture    

        INTRODUC TION 

 Ulna fractures in adult horses are most frequently the result of a 
kick by another horse on pasture (Donati et al.,  2018 ). In foals, the 
fracture may occur in association with a fall to one side during halter 
training (Watkins et al.,  2019 ). The fracture may develop at the body 
of the ulna, the olecranon process representing the proximal end of 
the ulna or a combination of both. By far, the majority of patients 
show a marked lameness immediately after the accident (AAEP 3- 
4/5,  2020 ). Different types of ulna fractures have been identified 
and defined (Nixon,  2020 ; Watkins et al.,  2019 ), of which type- 1 
fractures are only diagnosed in foals and young adult horses. The 
latter represents the most demanding management category. 

 The classical clinical sign is the dropped elbow stance, which has 
to be differentiated from the forelimb position of a horse with a ra-
dial paralysis (Nixon,  2020 ) and other pathologies of the upper limb. 
The triceps muscle inserts at the proximal end of the olecranon pro-
cess and distracts the proximal fragment of the fracture when it con-
tracts, resulting in loss- of- carpal extension. The amount of swelling 
noted in the elbow and the triceps region varies and to some extent 
reflects the amount of trauma that occurred. A small skin abrasion 
or open wound in the ulnar region caused by the kick represents an-
other indication of an ulna fracture. On some occasions, the horse is 
able to bear weight on the leg and it is only minimally lame. In these 
cases, the fracture is mainly located distal to the cubital joint and po-
tentially enters the cubital joint at the ulnar notch, where no articular 
cartilage is located (type 5, Nixon,  2020 ; Watkins et al.,  2019 ). In the 
type- 1a fractures, the apophysis is distracted from the rest of the 
ulna because of triceps pull. In the other fracture types, fragment 
distraction occurs to a lesser extent but still inactivates the carpal 
extension mechanism, at least to some extent. 

 Because of space constraints, this clinical commentary concen-
trates on the surgical management of ulna fractures in adult horses. 

More in- depth information on the management of ulna fractures can 
be found in the recent literature (Nixon,  2020 ; Watkins et al.,  2019 ; 
Wright,  2022 ).  

    MANAGEMENT 

    First aid management 

 Any wound should be attended to, carefully cleaned and protected 
by a water- soluble dressing. Administration of broad- spectrum anti-
biotics at that time is recommended. 

 The most effective limb support and protection of the fracture 
site can be achieved through the application of regular forelimb 
bandage up to the proximal aspect of the ulna reinforced with a ‘ U ’- 
shaped splint created from a PVC pipe (Fürst,  2019 ). This maintains 
the carpus in extension and allows the patient to bear full weight on 
the fractured limb, which helps prevent the development of lami-
nitis in the other forelimb and improves the patient ' s status during 
transportation.  

    Non- surgical management 

 This type of management should only be applied in cases where the 
animals bear near to full weight on the limb, and the fragments are 
only minimally displaced. It is best to support the limb during the 
initial 2weeks with a splint bandage that does not incorporate the 
foot. It is advisable to take follow- up radiographs after 3weeks. In 
the presence of signs of bone healing, the management should be 
continued. In cases with a lack of signs of bone healing or abnormal 
widening of the fracture gap, the fracture should be treated surgi-
cally (see below). Strict stall rest for at least the first month is a must. 

aaep.org/wiley-redirect 
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Following that, the management is adapted in relation to clinical 
signs of improvement, radiographically visible new bone formation 
and the general condition of the patient. 

 The only literature listing a prognosis for non- surgical man-
agement of ulna fractures is more than 35years old (Wilson & 
Riedesel,  1985 ). The results were not good, as only 33% of the 43 
treated horses were sound at follow- up. Additionally, the time to 
healing was several months longer than surgically treated horses 
(Wilson & Riedesel,  1985 ).  

    Surgical management 

 Open reduction and internal fixation (ORIF) is the treatment of 
choice for the great majority of simple and multi- fragment fractures 
of the ulna (Nixon,  2020 ; Watkins et al.,  2019 ). In selected cases, 
the fracture can be successfully fixed by means of multiple cerclage 
wires and strategically placed screws (Martin et al.,  1995 ). 

 The originally described approach to the caudal aspect of the 
ulna by Milne and Turner ( 1979 ) is still used today (Nixon,  2020 ; 
Watkins et al.,  2019 ; Wright,  2022 ). The skin is incised at the lateral 
aspect of the top of the olecranon process, immediately followed 
by a curved incision towards the caudal aspect of the forearm from 
where the incision is extended distally, dependent upon the location 
and complexity of the fracture. The subcutaneous tissues and the 
facia around the muscles are sharply severed, followed by blunt sep-
aration of the bellies of the  ulnaris lateralis  and the ulnar head of the 
deep digital flexor muscles, leading directly to the caudal ulnar body. 
At the most proximal part of the olecranon process, the dense fi-
brous attachments of the aponeuroses of the ulnar head of the deep 
digital flexor and the flexor  carpi ulnaris  muscles are partly sharply 
severed to facilitate easy access to the bone. 

 The caudal aspect of the ulna is exposed to a considerable 
amount of tensile force. Therefore, the application of a plate or cer-
clage wires to that region provides superior strength to the fixation, 
as plates and wires are strongest under tension (Frigg,  2001 ; Wagner 
& Frigg,  2006 ). 

    Cerclage wires 

 Cerclage wire treatment of olecranon fractures is mostly performed 
in foals with type 1 fractures, frequently in association with pins to 
assure axial alignment of the fragment with the ulna. 

 In adult horses, the technique is rarely applied, mainly in cases 
with good fragment alignment and no or minimal fragment displace-
ment, where plate application may have been an ‘overkill’. After ac-
cessing the ulna, the same number of 2.5 mm holes (2– 3) are drilled 
in lateral- to- medial direction distal and proximal to the fracture 
line (Figure  1a ). One proximal and one distal hole are united with a 
1.25mm cerclage wire in a figure- of- 8 configuration. It is advisable 
to form a loop of wire opposite the location where the two wire ends 
are twisted together. This facilitates even tightening of the wire on 

both sides of the ulna. Once all wire fixations are in place (Figure  1b ) 
and all the wire loops are checked for tightness, the surgical site is 
flushed, followed by apposition of the different layers and suture 
closure of the skin.   

    Plates 

 Plate application to the caudal aspect of the ulna is presently the 
treatment of choice in foals and adult horses. There are a number 
of principles that have to be strictly adhered to for a successful 
outcome: 
 1. Whenever possible, a narrow plate should be selected allowing 

the screws to be inserted through the plate holes into good bone. 
The plate holes are arranged in one line in the narrow plates, 
whereas in the broad plate the holes are arranged alternately 
slightly to the left and right side of the long axis of the plate, mak-
ing screw insertion somewhat more challenging, especially at the 
distal end of the plate, where inadvertent screw placement into 
the lateral radial cortex may lead to complete fracture of the ra-
dius (see later). 

 2. Position the plate at the level of the olecranon perpendicular 
to the medial side of the olecranon, which results in the plate 
coming to lie more to the medial side of the olecranon/ulna 
(Figure  2a ). If the plate is positioned more laterally, it tilts to the 
lateral aspect resulting in the screws exiting at the medial aspect 
(Figure  2c ).  

 3. Contrary to Nixon ( 2020 ), these two main authors propose that 
the first two screws are inserted towards the ends of the plate, 
for example the second hole from the top and the bottom. This as-
sures that the entire length of the plate comes to lie on the caudal 
aspect of the ulna. 

  F I G U R E   1                   (a) Artist drawing of the lateral aspect of radius and 
ulna depicting the drill holes in the ulna for application of the three 
cerclage wires in figure- of- 8 fashion (b). 

(a) (b)
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 4. As a general rule longer plates should be used, especially at the 
level of the olecranon (Figure  3 ). Therefore, the top end of the 
plate should not be positioned at the mid- level of the olecranon 
because this may potentially lead to a fracture of the bone at the 
top end of plate.  

 5. As a rule, the screws should only be placed into the ulna; the 
bone being exposed to substantial tensile forces strong enough 
to withstand all fracture distracting forces. However, frequently 
the screws are extended across the caudal cortex of the radius for 
additional strength (Figure  3 ). The cranial and the lateral cortex of 
the radius should never be penetrated by drill hole/screw. In foals 
up to at least 7months of age, the caudal cortex of the ulna should 
not be penetrated as this prevents the proximal displacement of 
the ulna along with the growth of the proximal radial epiphysis 
leading to subluxation of the distal humerus and malformation of 
the anconeal process (Smith et al.,  1991 ). Therefore, the fracture 
healing phase should be monitored radiographically at 2- month 
intervals and if such a subluxation is noted, implant removal 
is suggested. In severe cases a distal ulnar osteotomy allows 
correction of the problem (Klopfenstein- Bregger et al.,  2011 ). 

 The locking compression plate (LCP) has established itself as 
the implant of choice for the surgical treatment of ulna fractures 
(Auer,  2019 ; Jackson et al.,  2011 ; Jacobs et al.,  2017 ; Levine & 
Richardson,  2007 ). The LCP is minimally more expensive than a dy-
namic compression plate (DCP); it is the screws that increase the im-
plant prices significantly. A research study evaluating four different 
implants under in vitro conditions (Florin et al.,  2005 ) revealed that 
the LCP construct is superior to the other constructs— one of which 
represented the limited contact compression plate (LC- DCP)— and 
that only two locking head screws (LHS) inserted proximal to the 
fracture line and two LHS implanted distal to it, are necessary to 

  F I G U R E   2                   (a) Symbolic representation of a 10- hole locking compression plate (LCP) positioned to the caudal aspect of the ulna. The 
short arrows represent the locations of locking head screws (LHSs), the large arrow location of cortex screw placed in lag fashion across 
the fracture. The remaining screws are cortex screws. (b) Artist drawing of a narrow LCP applied to the caudal aspect of the ulna. The plate 
is positioned more to the medial aspect of the bone to prevent exit of the screw across the medial cortex of the bone. (c) with the plate 
positioned more towards the lateral aspect of the bone, it is easier to insert screws that exit through the medial cortex. This is, especially, 
important when LHSs are placed, as the direction these screws are placed has to be orthogonal in every plane relative to plate surface. 

(a) (b) (c)

  F I G U R E   3                   Lateromedial radiographic projection of an ulna 
fracture repaired with a 10- hole LCP. All screws inserted through 
the plate are LHSs. One 3.5mm cortex screw is placed in lag 
technique across the fracture. Note, the two most proximal screws 
exit at cranial edge of the olecranon. 
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provide this superior strength. Additional LHSs do not add additional 
strength but increase the implant costs significantly. Also, LHSs have 
to be inserted perpendicular to the LCP in all planes limiting the 
surgeon ' s ability to implant the screw into solid bone (Frigg,  2001 ; 
Sommer et al.,  2003 ; Wagner & Frigg,  2006 ). The plate holes allow 
cortex screws to be implanted at various angles, and, therefore, pro-
vide the surgeon with more flexibility for screw insertion. Therefore, 
the use of LHSs and cortex screws in a construct result in an ideal 
combination. First, a cortex screw is inserted in neutral position to fix 
the plate to the bone, followed by a second cortex screw implanted 
in the load position creating axial compression across the fracture 
plane. Alternatively, the push– pull device can be used to press the 
plate onto the bone surface. It is important not to ‘overcompress’ 
the fracture because it may actually open the fracture line at the 
cranial aspect near the joint. Also, with the use of the LCPs, axial 
compression of the fracture with separate cortex screws has lost its 
importance because of the superior strength of the LHS (Auer,  2019 ; 
Sommer et al.,  2003 ). At least one cortex screw should be placed on 
both sides to the fracture to press the plate onto the bone surface. 
Any screw placed across a fracture plane should be inserted in lag 
fashion. Next, the two LHSs are inserted on either side of the frac-
ture plane, as these screws have to be inserted perpendicular to the 
plate, followed by filling of the remaining empty screw holes with 
cortex screws, or if preferred, with LHSs. As the cranial cortex of the 
olecranon is very strong, the screws should engage this part of the 
olecranon, if possible. 

 The most important screws in the fixation of Type 1B fractures 
are the ones crossing the metaphyseal fracture plane. Therefore, it 
is important to assure that the cortex screws extend to the cranial 
edge of the bone. This can be achieved by inserting a Steinmann 
pin along the medial cortex of the olecranon in cranial direction and 
oriented parallel to the future screw angle. The subsequent drill hole 
is prepared parallel to the pin in all directions (Figure  4 ). If the cranial 
fragment is thin, it may be best not to insert the screw in lag fashion, 

as inadvertent overdrilling of the fragment may lead to stripping of 
the few threads left in the fragment. In such cases, placement of a 
position screw (Auer,  2019 ) is preferred.  

 In plate fixation of type 5 fractures, the plate mandates further 
distal placement of the implant to a region where the ulna is very 
thin, and the screws need to incorporate also the caudal cortex of 
the radius. Therefore, cortex screws should be inserted through the 
distal two plate holes to prevent inserting the LHSs into the lateral 
cortex of the radius, if the plate is placed far lateral. Screw insertion 
into the lateral radial cortex may predispose to catastrophic failure 
of the construct through a complete fracture of the radius (Figure  5 ) 
(Kümmerle et al.,  2013 ). Another option to prevent such an incident 
is the twisting of the distal aspect of the plate to facilitate oblique 
insertion of the screws.  

 In severely comminuted and displaced fractures, double plating 
may be necessary to achieve adequate fracture reconstruction and 
stability to withstand recovery from anaesthesia and the convales-
cent period. In these cases, initial application of the lateral plate is 
encouraged (Nixon,  2020 ). Occasionally additional cortex screws are 
inserted across fragments outside of the plate(s).  

    Horses operated on in standing position ( SP ) versus 
under general anaesthesia ( GA ) 

 Surgical management using either technique requires aseptic sur-
gery and the application of meticulous internal fixation techniques. 
Frequently, intraoperative radiography is indicated, which can more 
easily be applied to the patient under GA than in SP (Jimenez- 
Rihuete & O ' Meara,  2023 ). 

 Presently, the trend is shifting to perform internal fixation of 
fractures in horses towards SP, as with almost all other surgical in-
terventions. The main reason for the change is to avoid the risk of 
complications during anaesthesia and severe injuries during the re-
covery from GA and minimal reduction in costs. Anaesthesia risk in 
horses is much higher than in other domesticated species (Dugdale 
et al.,  2016 ) and complications during recovery can result in fatal 
outcomes. However, when the outcome at 7days post- surgery was 
examined, and not only the immediate postsurgical outcome, it was 
shown in 28 horses for standing fracture repair, that death rate was 
3.6% as opposed to 4.2% in 166 horses undergoing fracture repair 
under general anaesthesia (Gozalo- Marcilla et al.,  2021 ). This ongo-
ing study with to date more than 90 collaborating centres will hope-
fully elucidate important factors determining outcomes in a larger 
number of horses. 

 Several factors have to be taken into account to make a decision 
based on facts to select one of the two techniques.  

    Position of the surgeon 

 When the horse is under GA, the surgeon can in most cases adjust 
the height of the surgery table allowing him/her to operate in 

  F I G U R E   4                   Inserting a Steinmann pin along with the medial bone 
surface of the ulna provides a good aid for drilling the screw hole 
along with the olecranon and assuring exit of the hole at the cranial 
edge of the bone. Therefore, the drill guide and drill should be 
aligned parallel to the pin in all planes. 
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a comfortable body position. This is preferred compared to the 
frequently crouched position when the horse is operated on in SP. 
During a ‘standing’ ulna fracture repair, the surgeon can sit on a 
chair, which makes it difficult to quickly get out of danger should 
the patient make a rapid pain- induced defensive movement. Surgical 
interventions of long duration (>2h) are definitely easier to perform 
with the horse under GA. 

 One option to allow surgery on the horse in SP is to install a 
pit next to the stand where the horse is placed during the surgical 
intervention, which allows the surgeon and assistants to stand in an 
upright position during the intervention (Figure  6a ). It is important 
that the pit can be covered when not used for surgery on a standing 
horse (Figure  6b ). By placing different solid boxes into the pit, the 
surgeon can adjust his/her position relative to anatomical location of 
the surgery site. Screw insertion across a proximal palanx fracture is 
show in Figure  6c .   

    Surgical technique 

 Adequate preparation of the surgical site is a must for both tech-
niques. It is a fact that this is easier to maintain while the horse is 
under GA, therefore, maintaining asepsis throughout the procedure. 
To give the horse a bath prior to surgery is good practice for both 
techniques, but it is more important in horses undergoing surgery 
in SP. 

 If a stand is used for the surgery, it should have adjustable sides 
to assure easy access to the surgery site. Standing fracture fixations 
require a very experienced team of surgeons who not only know the 
surgical technique but also know horses well and can thus interpret 
them with confidence during the procedure. One author (AF) pre-
fers free- standing horses for standing fixations of ulna fractures and 
practically never operates on these patients in an examination stand. 
Thus, fine movements of the horses can be interpreted very well. 
Also, the horses '  limbs must not be fixed to allow them to make small 
corrective movements in case of temporary instability. Draping of 
the horse proximal to the surgery site requires a flexible approach. 
The limbs are covered with sterile bandages, the ground itself is also 
covered sterilely and the rest of the horse ' s body is wrapped with 
sterile drapes (Figure  7 ).  

 The surgical approach to the fractured bone and fracture reduc-
tion in easier to perform with the horse under GA. With the horse 
in SP, it may not be possible to reduce the fracture anatomically 
without risking major pain- induced defensive movements, there-
fore, having to accept a less than perfect fracture repair. Only min-
imally displaced fractures should be selected for standing fracture 
fixation; usually, they are already very well reduced in the standing 
horse, therefore, only minor reduction corrections are necessary. In 
most cases, the actual application of the implants is not different in 
the two techniques. But experience has shown that it is easier for a 
right- handed person to operate on a fracture of the left forelimb in 
the SP and vice versa. 

 Even though preparation for aseptic surgery including draping of 
the horses operated on in SP is less perfect than in patients undergo-
ing GA, it has been shown that the infection rate is in the same range 

  F I G U R E   5                   Post- mortem picture of a fractured radius caused 
during recovery. Note, the fracture occurred because the second 
most distal LHS was placed across the lateral cortex of the radius 
(arrow). 

  F I G U R E   6                   (a) A pit (shown when covered) was installed next to a stand to allow the surgeon to perform surgery in standing position while 
the horse is standing. (b) When used, the plates covering the pit are elevated and placed aside. (c) Screw insertion across a proximal phalanx 
fracture with the surgeon and assistant operating from the pit. Image, courtesy of Carlos Veiga, Horse Center, Petropolis— Rio de Janeiro, 
Brazil. 

(a) (b) (c)
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for both techniques. This is probably related to the fact that general 
anaesthesia generally depresses the immune system. Furthermore, 
it is the personal experience of one surgeon (AF) that the risk of lam-
initis appears to be higher in horses operated under GA.  

    General anaesthesia versus sedation and regional 
anaesthesia 

 General anaesthesia for fracture repair can only be provided in clin-
ics with the necessary equipment such as inhalation anaesthesia 
machine, monitoring equipment and a suitable recovery area. To 
provide sedation and regional anaesthesia needs only a needle, a sy-
ringe and the knowledge of different sedation regimes and anatomy 
of the horse for the relevant local blocks. 

 Problems that occur as a consequence of anaesthesia are man-
ifold, and in particular in horses, survival rate following surger-
ies under general anaesthesia is lower than in other domesticated 
species. In particular, fracture repair in horses carries an even 
higher fatality risk than colic surgery (Gozalo- Marcilla et al.,  2021 ). 
This is probably most often as a result of fatal problems in recov-
ery. It is probable that centres with well- trained personnel, and 
well- equipped recovery boxes (slings, ropes or nets), or even pool 
recovery systems, to help the horses gain their feet, have a better 
outcome in this respect. 

 However, surgery under standing sedation also carries a fatality 
risk of 0.2%, as recently shown in the newest version of the CEPEF 
(Confidential Enquiry into Perioperative Equine Fatality) studies 
(Gozalo- Marcilla et al.,  2021 ). In these preliminary results of 154 
horses undergoing fracture repair under general anaesthesia, 95.8% 
of horses were alive within 7days of surgery and of 27 horses un-
dergoing fracture surgery under standing sedation 96.4% were alive. 

 Inhalation anaesthetic agents have immunomodulatory effects 
(Anderson et al.,  2014a ), which for horses undergoing fracture 

repair could be disadvantageous, as the innate immune response 
for wound healing and resistance to infection is very important. 
However, alpha 2  adrenoceptor agonists and opioids that are mainly 
used for standing sedation, also negatively impair immune function 
(Anderson et al.,  2014b ). To one author ' s (RBW) knowledge there are 
no comparative studies in horses to further investigate the effect 
of general anaesthesia as opposed to standing sedation on immune 
function, and therefore, in this respect, no recommendations can be 
made yet. It will be important to perform fracture repair outcome 
studies that compare survival following standing or general anaes-
thesia surgery at, for example, 3, 6 and 12 months.    
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      SUMMARY 

   Background :    Manica flexoria (MF) tears are a well- recognised 
cause of lameness in horses presenting with effusion of the 
digital flexor tendon sheath (DFTS). Ultrasonography (US) is 
a commonly used first- line imaging modality during examina-
tion of horses presented with DFTS effusion. However, its 
reported sensitivity for detection of MF tears is low.  
   Objectives :    To describe a novel US technique to predict the 
location of the MF tear.  
   Study design :    Prospective descriptive observational study.  
   Methods :    Twenty- two horses (23 limbs) diagnosed with MF tears 
were included in the study. A standardised US protocol including 
examination with the limb weight bearing and non- weight bearing 
was used. Furthermore, with the limb held in flexed position, digi-
tal pressure was simultaneously applied to the medial and lateral 
proximal DFTS outpouchings in axial direction. The aim was to cre-
ate turbulence of the synovial fluid within the DFTS and improve 
visualisation of the torn MF. The US examination was performed 
by one experienced operator and one junior clinician. All horses 
underwent tenoscopic examination.  
   Results :    In all cases, MF tear was diagnosed during teno-
scopic examination of the DFTS. The location of the MF 
tear was correctly predicted in 91.3% (21/23) of the limbs. 
The main features used to predict location of the MF tear 
included floatation of the torn fibres of the MF within the 
synovial fluid, increased distance between DDFT and SDFT 
on the side at which the MF was torn and recoiling of the MF 
on the side contralateral to the tear.  

   Main limitations :    Relatively small number of cases included.  
   Conclusions :    The novel US technique was useful to identify 
the location of MF tear and facilitate identification of the pre-
viously described ultrasonographic features consistent with 
tears of the MF. The agreement between operators was per-
fect as from the data analysis.                   

   ORCID
  Maria Hibner- Szaltys  https://orcid.org/0000-0002-1507-5123 
Federica Cantatore  https://orcid.org/0000-0003-1745-6146 
Marco Marcatili  https://orcid.org/0000-0002-5449-6780   

    K E Y W O R D S
 horse, equine, injury, tendon sheath, imaging   

  Clinical relevance 

      •     The study describes a novel ultrasonographic technique 
that can be useful to identify the location of manica flexo-
ria tears and facilitates diagnosis of MF tears. Preoperative 
prediction of the location of MF lesions can be useful for 
surgical planning and patient positioning. 

   •     The described technique is easily performed without the 
need for any additional equipment and could therefore be 
used by equine practitioners in an ambulatory setting. 

   •     The described technique can be used in different breeds 
of horses, including ponies and cobs, and can be per-
formed by an operator without extensive diagnostic im-
aging training.   
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        SUMMARY 

    Background :    Natriuretic peptides and endothelin- 1 are used as bio-
chemical biomarkers for the diagnosis and prognosis of heart diseases.  
    Objectives :    This study aimed at investigating plasma ANP, 
BNP and endothelin- 1 in jumping horses with various mani-
festations of heart valve regurgitation and their association 
with echocardiographic variables.  
    Study design :    Clinical evaluations including cardiac auscultation 
were performed in 198 jumping horses, and 30 horses were chosen.  
    Methods :    Sixteen jumping horses with murmurs of grade 
3/6 to 5/6 having various degrees of heart valve regurgita-
tion with the severity of insignificant to moderate on colour 
Doppler echocardiography were considered as the valvu-
lar regurgitation group (average age 9.75±3.28years and 
weight 427.43±82.22kg, and consisting of 10 mares, three 
stallions and three castrated male horses with breeds of 
12 Thoroughbred and four crossbred). Fourteen healthy 
horses were chosen as the healthy group (average age 
8.64±2.44years and weight 462.14±77.42kg, and consist-
ing of nine mares, three stallions and two castrated males 
with breeds of 12 Thoroughbreds and two crossbred). Blood 
samples were collected from the jugular vein, and plasma 
concentration of ANP, BNP and endothelin- 1 was determined 
using Sandwich ELISA by a horse- specific kit. Then, the 
plasma concentration of mentioned peptides and echocardi-
ographic variables were compared between the two groups.  
    Results :    BNP was significantly increased in horses with valve 
regurgitation compared to in healthy horses, but increases 
in ANP and endothelin- 1 were insignificant. Also, in the val-
vular regurgitation group, horses with a pulmonic valve dis-
order had a significantly higher concentration of BNP and 

endothelin- 1 than healthy horses. Assessment of the relation 
between ANP, BNP and endothelin- 1 with echocardiographic 
variables showed a significant correlation between ANP and 
right ventricle length (RVL) and left ventricle width (LVW) in 
systole and endothelin- 1 with right ventricle width (RVW) 
and LVW in systole, but BNP had no significant correlation.  
    Conclusion and clinical importance :    According to the study re-
sults, it can be assumed that the measurement of these cardiac 
biomarkers can be helpful in the diagnosis of the jumping horse 
with cardiac valvular disorders (especially pulmonic valve regur-
gitation) and changes in the dimensions of the heart ventricle.               
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  Clinical relevance 

      •     The measurement of natriuretic peptides and endothelin-
 1 is helpful in the diagnosis and prognosis of cardiac dis-
eases and valvular disorders in the horse. 

   •     Plasma concentration of BNP, ANP and endothelin- 1 in-
crease, in horses with valve regurgitation. 

   •     The horses with pulmonic valve disorder had a signifi-
cantly higher concentration of BNP and endothelin- 1. 

   •     There is a significant correlation between ANP with RVL 
and LVW in systole, BNP with right ventricle parietal di-
ameter in diastole and, endothelin- 1 with RVW, LVW and 
left ventricle area in systole.   
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      SUMMARY 

   Background :    Palatal dysfunction is a common cause of poor 
performance in racehorses. Although conservative manage-
ment resolves just over 60% of cases, there is a requirement 
for further intervention in the residual 40% of cases that do 
not respond. It is proposed that a palatal stiffening technique 
that is simple to perform, safe and minimally invasive and en-
ables a rapid return to exercise would be an acceptable first 
intervention. Genipin is a self- polymerising molecule that 
bonds to collagen matrices increasing tissue strength, stiff-
ness and resilience. A previous study demonstrated that im-
planted genipin increased palatal strength and its resistance 
to deformation and potentially was effective in decreasing 
likelihood of palatal dysfunction in horses.  
   Objectives :    The objective of the study was to appraise the safety 
and feasibility of implanting genipin oligomers into the equine 
soft palate and to report on racehorse trainers '  subjective as-
sessment of its usefulness in management of palatal dysfunction.  
   Study design :    Prospective, non- randomised, pilot study.  
   Methods :    Fifty Thoroughbred racehorses diagnosed with 
palatal dysfunction were implanted trans- endoscopically 
with genipin. The horses were monitored for adverse reac-
tions during hospitalisation. A standard questionnaire pro-
vided to the horses '  trainers was used to record additional 
adverse reactions and satisfaction with the animals '  subse-
quent performance. Post- treatment dynamic endoscopy was 
performed in a subgroup of animals.  
   Results :    One horse developed adverse clinical signs of py-
rexia and reduced appetite, which responded to treatment. 
Post- procedural endoscopic examination revealed mild palatal 
abnormalities in 6 of 50 horses that showed no clinical signs. 
One horse had mild generalised oedema, four with mild focal 
swelling and one with a superficial mucosal ulceration at a sin-
gle site of implantation of the soft palate. Following treatment, 

76% of horses were reported to show clinical improvement by 
their trainers with 24% reported not to show improvement.  
   Main limitations :    The study was not controlled, and outcome 
measures were mainly subjective.  
   Conclusions :    The procedure was well tolerated, safe and 
minimally invasive and enabled a rapid return to exercise. 
Trainer- reported improvement was comparable to previously 
reported palatoplasty procedures.              
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  Clinical relevance 
      •     Palatal dysfunction is a significant cause of poor perfor-

mance in racehorses with a complex aetiology. There is a 
requirement for an initial minimally invasive procedure to 
manage affected horses that have not responded to con-
servative management. 

   •     Genipin is a self- polymerising molecule that is an effective 
protein cross- linker and when implanted into the equine 
soft palate bonds to the native collagen to increase the 
tissue ' s tensile stress. This increases the tissue resist-
ance to deformation from external forces (stiffness). It 
is a minimally toxic biomaterial that is well- tolerated 
post- implantation. 

   •     The study demonstrates that implantation with genipin is 
safe and may reduce the clinical signs of palatal dysfunction 
in racehorses at maximal exercise. The procedure can be uti-
lised alone or in combination with others. Genipin implan-
tation offers advantages over other interventions in that it 
is a simple and quick procedure performed standing under 
sedation with minimal disruption of training.   
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        SUMMARY 

    Background:   Dental disease is commonly encountered in veterinary 

practice. Due to the horse ' s deep oral cavity, direct visual examina-

tion alone is not adequate for a complete oral evaluation. Typically, a 

long- handled dental mirror is used as a visual aid. Oral endoscopy is 

another option to improve visual examination of the mouth. Although 

recent literature suggests endoscopy is superior to mirror examina-

tion, these modalities have not been compared in a blinded study.  

    Objective:   The aim of this study was to compare sensitivity and 

specificity of identifying dental pathologies between oral mirror and 

rigid endoscopic examination as well as inter-  and intra- observer 

variability of each modality  

    Study design:   A prospective randomised trial.  

    Methods:   Twenty- one horses underwent oral examination using a 

mirror and an endoscope with video recording of both techniques. 

An additional six horses received both premortem and post- mortem 

examination. Two blinded observers evaluated the video recordings 

and identified the presence of dental pathology to determine inter- 

observer and intra- observer agreement. Live examinations were 

compared with the six post- mortem examinations to determine sen-

sitivity and specificity.  

    Results:   Endoscopy sensitivity was far superior to mirror for all pa-

thologies (83% vs. 39%), while specificity was high for both (71% 

vs. 87%, respectively) when compared to the gold- standard post- 

mortem examination. Inter- observer agreement of presence of pa-

thology using endoscopy was substantial and higher than mirror 

examination. Intra- observer agreement was moderate to substantial.  

    Main limitations:   The study was limited by the small number of 

horses and post- mortem examinations, although sample size was in-

creased by assessing the pathology of each tooth.  

    Conclusions:   Moderate- to- substantial agreement was found using 

both endoscopy and mirror examination. Sensitivity was improved 

with endoscopy. Oral endoscopy may be beneficial for use in moni-

toring dental disease over time, as many minor pathologies do not 

require immediate intervention. Endoscopic and mirror videos may 

also prove valuable in veterinary education.         

    K E Y W O R D S 
 horse, dentistry, endoscopy, mirror, oral examination   

  Clinical relevance 

      •     Equine oral examination requires the use of a visual aid; 
mirror or rigid endoscope are commonly used. Recordings 
of a mirror or endoscopic examination are not only uti-
lised to document pathology, but also aid communication 
with clients, students and other veterinarians. 

   •     Endoscopic examination sensitivity far exceeds the mir-
ror, while both have a high specificity. A mirror is an excel-
lent screening tool and affordable for field- setting use. 

   •     Oral endoscopes are becoming widely available and af-
fordable; they can be used in a field setting but require 
more equipment set- up. Endoscopy is recommended at 
the speciality level.   
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         INTRODUC TION 

 The investigation and treatment of ongoing abnormal respiratory 
noise or poor performance after upper respiratory tract surgery 
varies according to the surgery that was previously performed. 
Occasionally, resting endoscopy will reveal a clear abnormality, 
but for most cases with ongoing postoperative issues, exercising 
endoscopy is the gold standard for evaluating whether the surgi-
cal technique(s) have been successful and whether any sequelae 
have developed. Exercising endoscopy is a much more accurate 
reflection of surgical ‘success’ than using proxy methods such as 
evaluation of racing performance, owners’ and trainers’ percep-
tion of improved performance or change in respiratory noise. As 
with any exercising endoscopic examination, the horse should be 
performing at the level which is maximal for its particular sporting 
discipline. In the postoperative patient, adequate time must have 
been allowed for recovery from surgery and restoration of a normal 
exercise regime.  

    SURGERY FOR PAL ATAL DYSFUNC TION 

 The term palatal dysfunction incorporates both dorsal displacement 
of the soft palate (DDSP) and palatal instability (PI). Medical man-
agement should be instituted first, but if that fails, there are many 
surgeries available to treat this group of disorders. Composite sur-
geries are often performed in an attempt to get the best results. A 
minority of cases of DDSP have an identifiable predisposing factor, 
e.g. epiglottic masses, epiglottic abscesses or epiglottic entrapment, 

lesions on the caudal soft palate, tracheal aspiration etc., and in such 
cases, these issues should be treated primarily. 

 There are few studies that have documented exercising endo-
scopic examination of horses after treatment for palatal dysfunction 
probably because such studies are time- consuming to perform and 
many horses can be lost to follow- up. Those that have been per-
formed include horses that have had laryngeal tie- forward surgery 
and a handful of horses, which have undergone soft palate thermal 
cautery (Barnett et al.,  2016 ; Dart,  2006 ; McCluskie et al.,  2009 ). 
DDSP treatments aim to stop DDSP from occurring and possibly to 
also prevent or reduce the severity of PI. It remains unclear to what 
extent palatal function should be restored to constitute ‘success’ 
(Allen et al.,  2012 ). DDSP is an intermittent event; hence, where PI 
continues to occur postoperatively, we do not know whether this 
truly reflects the resolution of DDSP or whether DDSP might occur 
during subsequent runs or under different exercise conditions. It is 
important that the same exercise test is undertaken pre-  and postin-
tervention, and for results to be clinically relevant, the exercise test 
should be representative of that horse ' s intended use. 

 When considering results for any surgical intervention for DDSP, 
it should be borne in mind that spontaneous resolution occurs in 
some cases. In one study where repeated exercising endoscopy was 
performed on 78 Thoroughbred racehorses, 14 of these were defin-
itively diagnosed with DDSP during at least one examination. These 
14 horses had no treatment or other intervention, and 6/14 showed 
resolution of DDSP on at least one subsequent exercising endo-
scopic examination (McGivney et al.,  2019 ). 

 Horses are usually referred for surgery once conservative treat-
ments have been tried and have been unsuccessful. Thus, results 
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from surgical cases may represent a subset of horses with DDSP, 
which are more refractory to treatment. 

 Barnett et al. ( 2016 ) performed overground exercising endoscopy 
before and after laryngeal tie- forward in 60 horses. The surgery suc-
cessfully reduced the prevalence of DDSP in the study population by 
70%, but 73% of horses still exhibited a degree of palatal instability 
postoperatively. Within this study, 18 horses underwent additional 
thermal cautery of the soft palate at the time of surgery, but the in-
clusion of thermal cautery made no significant difference to the ex-
ercising endoscopy results. Causes of failure of laryngeal tie- forward 
include not having a definitive diagnosis of palatal dysfunction pre-
operatively, migration of the larynx caudally after surgery and suture 
pull- through/failure. Radiography and/or ultrasonography of cases 
that still experience DDSP after tie- forward can be useful to assess 
the position of the larynx. 

 For palatal thermal cautery performed alone, McCluskie et al. 
( 2009 ) reported that 3/6 horses that had DDSP preoperatively had 
resolution of DDSP postoperatively, but all still had palatal instabil-
ity. Of six horses that had PI preoperatively, 5/6 still had PI after 
cautery, and one had developed DDSP after palatal cautery. Results 
for five horses that had a combination of palatal cautery and la-
ryngeal tie- forward showed no improvement in results for the in-
dividual surgeries (McCluskie et al.,  2009 ). Interestingly, subjective 
trainer assessment of the effect of surgery had no correlation with 
improvement in exercising endoscopic appearance of the upper air-
way (McCluskie et al.,  2009 ).  

    ARYEPIGLOT TIC FOLD RESEC TION 

 Recurrence of medial deviation of the aryepiglottic folds after 
surgical aryepiglottic fold resection is unfortunately relatively 
common and is presumably due to inadequate resection of the 

membranous portion of the fold. There is a medial and a lateral 
component to the aryepiglottic fold: removing the lateral compo-
nent is more difficult and therefore residual tissue here is the likely 
cause of the recurrence in most cases. Even so, in some horses 
where the resting examination appears to show adequate resec-
tion of the aryepiglottic folds, a medial deviation of the aryepiglot-
tic folds (MDAF) can still occur during exercise (Figure  1 ). On close 
inspection, in some cases, it appears that the lateral edge of the 
epiglottis is rolling in medially, pulling in with it whatever remaining 
part of the fold is present.  

 Both Leutton and Lumsden ( 2015 ) and Barnett et al. ( 2016 ) re-
ported results of exercising endoscopy after aryepiglottic fold resec-
tion (either with concurrent laryngoplasty or tie- forward surgery). 
They reported that three out of six (50%) horses undergoing concur-
rent laryngoplasty and 19 of 43 (44%) undergoing concurrent laryn-
geal tie- forward surgery had continued collapse of remaining tissue 
in the resected fold(s). Because some tissue has been removed from 
the fold, it is likely that the degree of MDAF is somewhat improved 
in these cases but not completely resolved.  

    SURGERY FOR RECURRENT L ARYNGE AL 
NEUROPATHY (RLN) 

 The most frequently performed surgeries for treatment of RLN in 
equine practice are laryngoplasty and ventriculocordectomy (Cramp 
& Barakzai,  2011 ; Fulton et al.,  2012 ). Re- innervation of the crico- 
arytenoid dorsalis muscle via direct nerve transplantation has been 
recently described (Rossignol et al.,  2018 ). After any surgery for 
RLN, both the degree of abduction and the stability of both the left 
arytenoid and vocal fold (or area where the fold used to be) should 
be assessed during exercising endoscopy, when the horse is exercis-
ing maximally. 

  F I G U R E   1                   Resting (left) and exercising (right) appearance of a horse that appears to have had extensive bilateral resection of the 
aryepiglottic folds, yet still experiences MDAF during exercise. 
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 For horses that have not undergone laryngoplasty, laryngeal 
function at exercise is graded as A to D (Robinson et al.,  2004 ; 
Rossignol et al.,  2018 ; Figure  2 ).  

    Ventriculocordectomy 

 After ventriculocordectomy (VeC), the surgical site should be smooth 
with little remaining vocal fold tissue and no granulomas present. 
Some surgeons prefer to do a much less aggressive version of VeC, 
only removing the vocal ligament and ventricle when they are per-
forming a concurrent larynoplasty because of fears of a larger ven-
tral glottic ‘gap’ predisposing to postoperative dysphagia. However, 
incomplete removal of vocal cord tissue means that the remaining 
tissue can still collapse during exercise (Figure  3 ), particularly if ip-
silateral arytenoid abduction is moderate or minimal. Results of 
exercising endoscopic examination of horses after VeC performed 
unilaterally with a diode laser have been reported by Barakzai et al. 
( 2019 ). These authors reported that for horses with grade B pre-
operative laryngeal function and vocal fold collapse, unilateral VeC 
was effective in abolishing airway obstruction caused by the vocal 
fold collapse and reducing abnormal respiratory noise. Laser VeC 
also appears to stabilise previously markedly unstable (Gr C or D) 
arytenoid cartilages to a degree in many cases (Barakzai et al.,  2019 ), 
presumably due to fibrosis between the body of the arytenoid and 
the thyroid cartilage. However, in many horses with grade C or D 
preoperative laryngeal function, concurrent pre- existing dynamic 
abnormalities including right vocal fold collapse, medial deviation of 
the right aryepiglottic fold and arytenoid instability continued to be 
present and contributed to ongoing postoperative respiratory noise 
(Barakzai et al.,  2019 ).  

 Bilateral VeC has been reported to be very effective in reducing 
abnormal upper respiratory sounds whilst still improving upper air-
way mechanics (Brown et al.,  2003 ). Unless a length of intact mucosa 
is left at the ventromedial aspect of left and right vocal folds, there 
is a chance of postoperative webbing developing after bilateral VeC, 

which can be identified on resting endoscopy (Figure  4 ). For this rea-
son, some surgeons now elect to perform a right- sided cordotomy 
(horizontal incision in the cord) rather than a cordectomy, which 
should give less risk of web formation when performed concurrently 
with a left VeC.  

    Laryngoplasty 

 Laryngoplasty surgery involves placing sutures that mimic the action 
of the denervated crico- arytenoid dorsalis muscle, thus abducting and 
stabilising the left arytenoid cartilage. It is often performed with con-
current ipsilateral or bilateral VeC or cordotomy. It would seem intui-
tive that horses that run at high speed (e.g. racehorses) might need a 
more widely abducted larynx than those which perform less strenuous 
activities such as dressage or general riding, but it is not proven what 

  F I G U R E   2                   Laryngeal grades at exercise (Robinson et al.,  2004 ; Rossignol et al.,  2018 ). (a) full abduction of the arytenoid cartilages during 
inspiration; (b) partial abduction of the affected arytenoid cartilages (between full and the resting position); (c) abduction held at the resting 
position; (d) collapse into the contralateral half of the rima glottidis during inspiration. 

(a) (b) (c) (d)

  F I G U R E   3                   Incomplete bilateral VeCs (performed surgically via 
laryngotomy)— horse at exercise showing ongoing collapse of both 
fold remnants during inspiration. 
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degree of abduction is optimal for horses working in different eques-
trian disciplines. After laryngoplasty, the degree of surgically achieved 
arytenoid abduction can be graded endoscopically at rest (Dixon 
et al.,  2003 , Figure  5 ) where grade 1 describes a hyper- abducted ar-
ytenoid and grade 5 indicates there is no abduction present, with the 
arytenoid positioned in the midline. Stability of the abducted carti-
lage is thought to be as important as the degree of abduction attained 

(Cramp & Barakzai,  2011 ), and one study demonstrated that most 
National Hunt (steeplechase) horses with Dixon grade 3 laryngeal ab-
duction can race successfully (Barakzai et al.,  2009 ). It is this author ' s 
opinion that for horses doing less strenuous activities such as general 
riding, showjumping or dressage, a  stable  left arytenoid with grade 
3/4 abduction is usually enough to reduce postoperative noise signifi-
cantly and give the horse an adequate airway to perform successfully. 
The Dixon grading system (2003) does not strictly apply to exercising 
horses, so after laryngoplasty surgery, postoperative arytenoid stabil-
ity should additionally be graded as stable or mild/moderate/severe 
instability (Barakzai et al.,  2019 ; Barnett et al.,  2013a ).  

 After laryngoplasty, at rest, the larynx and pharynx should be 
examined for the degree of resting abduction (Figure  5 ), the appear-
ance of the VeC or cordotomy site(s), the presence of food material 
or saliva, and the shape and size of the corniculate process of the 
left arytenoid. Multiple research papers have described the results 
of exercising endoscopy performed after laryngoplasty surgery 
(Barnett et al.,  2013a ,  2013b ; Compostella et al.,  2012 ; Davidson 
et al.,  2009 ; Leutton & Lumsden,  2015 ). All studies found an alarm-
ingly high prevalence of dynamic upper respiratory abnormalities 
(Table  1 ), even in horses that were reported to be a ‘success’ by the 

  F I G U R E   5                   Post- laryngoplasty grades of arytenoid abduction 1– 5 as described by Dixon et al. ( 2003 ). Grade 1: excessive abduction; 
Grade 2: (50– 80°) of arytenoid abduction; Grade 3: a moderate (circa 45°) degree of arytenoid abduction; Grade 4: a slight degree of 
arytenoid abduction— slightly more abducted than the normal resting position; and Grade 5: no detectable arytenoid abduction (hanging in 
the midline). 

  F I G U R E   4                   Ventral laryngeal web formation after bilateral VeC. 
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owners. True laryngoplasty failure, i.e. inability to hold the arytenoid 
in a fixed abducted position, was more prevalent in the studies eval-
uating surgical ‘failures’ than in cross- sectional studies. However, all 
authors reported a wide range of upper respiratory abnormalities in 
horses with all grades of surgical abduction, many of which are not 
intuitively attributable to the laryngoplasty procedure. The preva-
lence of abnormal exercising endoscopic findings amalgamated from 
these 4 published papers is shown in Table  1 .  

    Arytenoid stability 
 Instability of the arytenoid cartilage after laryngoplasty can be 
judged as mild, moderate or severe (Barakzai et al.,  2019 ; Barnett 
et al.,  2013a ). Severe arytenoid instability constitutes a true surgical 
failure of laryngoplasty, as the collapsing arytenoid causes complete 
obstruction of the airway during exercise. 

 There is conflicting evidence as to whether horses with poor 
postoperative abduction are more likely to have arytenoid instabil-
ity than those with wider postoperative abduction. Davidson et al. 
( 2009 ) examined a population of horses that were returned to their 
hospital for ongoing abnormal noise: this population had relatively 
low grades of arytenoid abduction (median grade 4, range 3– 5). 
They reported that post- laryngoplasty, a larynx with Dixon grade 4 
abduction was 20 times more likely to be stable at exercise than a 
larynx with grade 5 (no) abduction. There was no difference in aryte-
noid stability when comparing horses with grades 3 and 4 abduction. 
In contrast, Barnett et al. ( 2013b ) examined a cross- section of horses 
post- laryngoplasty with median grade 3 (range 2– 5) abduction. They 
found no correlation between the resting abduction grade and the 
stability of the arytenoid at exercise.  

    Other forms of dynamic collapse post- laryngoplasty 
 Preoperatively, almost all horses with grade C or D preoperative la-
ryngeal function have bilateral vocal fold collapse (Barakzai et al., 
 2019 ; Leutton & Lumsden,  2015 ), although the collapse of the left 
fold is usually more severe than the right. Therefore, concurrent 
right vocal cordectomy (full or partial), cordotomy or possibly simply 
right ventriculectomy (Barnett et al.,  2013b ) are indicated at the time 
of laryngoplasty. Right and left vocal fold collapse or collapse of the 
remnants of incompletely removed vocal folds (Figure  3 ) is common 
after laryngoplasty (overall prevalence of 32%). Medial deviation of 
the aryepiglottic folds (either right- sided or bilateral, Figure  6 ) was 
also very common (overall prevalence of 44%) and this finding lends 

   TA B L E   1         Summed results from four published studies evaluating 
exercising endoscopy post- laryngoplasty surgery (Barnett et al., 
 2013 ; Compostella et al.,  2012 ; Davidson et al.,  2009 ; Leutton & 
Lumsden,  2015 ) 

 Exercising endoscopy findings: (Total horses all 
studies  n  = 151)  Mean % (range) 

 No abnormality  14% (0%– 24%) 

 Unstable arytenoid  35% (20%– 43%) 

 Right vocal fold collapse  32% (20%– 46%) 

 Left vocal fold or remnant collapse  24% (9%– 37%) 

 Medial deviation of the aryepiglottic fold(s)  44% (24%– 49%) 

 Dorsal displacement of the soft palate  21% (3%– 46%) 

 Palatal dysfunction (displacement of palate 
and/or palatal instability) 

 55% (53%– 56%) 

 Ventromedial luxation of the apex of the 
corniculate process 

 10% (0%– 17%) 

 Nasopharyngeal collapse  7% (2%– 17%) 

 Oesophageal reflux  16% (10%– 23%) 

 Gross food contamination  20% (17%– 22%) 

  Note :        Due to the variability in reporting or in categorisation of 
abnormalities by different authors, not all 151 horses are included in 
each category.   

  F I G U R E   6                   Horse after laryngoplasty with severe bilateral 
MDAF. 

  F I G U R E   7                   DDSP post- laryngoplasty and left VeC. Note small 
green particles of food material on the walls of the nasopharynx. 
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some weight to performing routine aryepiglottic fold resection at 
the time of laryngoplasty.  

 There are quite wide ranges in the prevalence of palatal dysfunc-
tion after laryngoplasty between different published studies (3%– 
70%, Barnett et al.,  2013b ; Compostella et al.,  2012 ; Davidson et al., 
 2009 ; Leutton & Lumsden,  2015 ). Palatal dysfunction was categorised 
in different ways in some of these studies, which may account for 
some of the variation. Further work that aimed to characterise pala-
tal dysfunction in horses after laryngoplasty described that it often 
occurred at much lower speeds than traditional idiopathic DDSP and 
in many cases disappeared or became more intermittent when horses 
started to canter and gallop (Barnett et al.,  2014 ). Potential causes of 
post- laryngoplasty palatal dysfunction (Figure  7 ) are proposed includ-
ing palatal dysfunction undiagnosed prior to laryngoplasty; postoper-
ative perilaryngeal fibrosis that may reduce the rostral excursion of the 
larynx; persistent low to moderate grade airway contamination that 
may induce DDSP in some horses; iatrogenic damage to the cranial 
laryngeal nerve during surgery that may induce DDSP (Barnett et al., 
 2014 ). None of these theories have been proven to date.  

 Rare abnormalities such as ventromedial luxation of the apex of the 
corniculate process of the arytenoid (VLAC, Figure  8 ) and arytenoid 
chondritis are reported with much higher frequency in horses in the 
long- term after laryngoplasty as compared to the general population. 
VLAC was first described in 15 horses by Dart et al. ( 2005 ) and 3 of 
these had had a previous laryngoplasty. It is hypothesised that under 
the high negative pressures generated during inspiration at exercise, 
repeated cycling of the collapsing corniculate process in horses with 
severe RLN may alter the integrity of this cartilage and make it more 
prone to deformation (N.G. Ducharme, personal communication).  

 Oesophageal reflux of saliva and food material (Figure  9 ) has 
also been described post- laryngoplasty and is seen more frequently 
during exercise than at rest (Barakzai et al.,  2015 ; Barnett et al., 
 2013b ; Leutton et al.,  2015 ). In recent years, anatomical descrip-
tion of the cranial oesophageal diverticulum and the high risk of 

iatrogenic damage to or distortion of this structure during laryngo-
plasty (Brandenberger et al.,  2018 ) may give an explanation for oe-
sophageal reflux seen after laryngoplasty. A distorted or stretched 
diverticulum may provide an area where saliva can pool, and then 
periodically exit, dripping down onto the left corniculate process. 
Other suggested explanations for oesophageal regurgitation in-
cluded damage to the caudal pharyngeal constrictor muscles (i.e. 
cricopharyngeus muscle), the adventitia or intrinsic musculature of 
the upper oesophagus, or the innervation to these muscles (glosso-
pharyngeal nerve), or damage to the perioesophageal fascia or oe-
sophageal adventitia during surgery may cause upper oesophageal 
incompetence in horses after laryngoplasty (Barakzai et al.,  2015 ).  

 To conclude, horses that make excessive noise after laryngo-
plasty can be doing so for a wide variety of reasons. A minimally 
invasive surgery such as standing laser VeC or aryepiglottic fold 
resection may remedy the obstruction in many cases, and in most 
instances, repeat laryngoplasty, arytenoidectomy or retirement can 
be avoided. Exercising endoscopy is crucial for postoperative assess-
ment and making the best treatment plan for each individual case.    

    Re- innervation of the cricoarytenoideus 
dorsalis muscle 

 Nerve muscle pedicle grafts (Fulton et al.,  2012 ) are now being re-
placed with direct re- innervation of the cricoarytenoideus dorsalis 
muscle using C1- C2 and/or the spinal accessory nerve (Rossignol 
et al.,  2018 ,  2021 ). The aim of developing this surgery was to avoid 
some of the complications seen in horses after laryngoplasty and to 
provide a more physiological solution for horses affected with RLN. 
Ipsilateral laser VeC is performed concurrently, often also with right 
VeC or cordotomy. 

 Successful re- innervation using the C1/C2 nerves can be 
tested to a degree in the resting horse by stimulating reflexes that 

  F I G U R E   8                   Post- laryngoplasty at rest, with grade 3 abduction (left) and during a fast gallop (right). Ventromedial luxation of the left 
corniculate process is present at fast work (red arrow). Note the lateral part of the corniculate remains abducted. Mild right MDAF is also 
present. 
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depolarise the first cervical nerve (Fulton et al.,  2012 ) or by using 
ultrasound- guided stimulation of the first cervical nerve at the alar 
foramen (Mespoulhès- Rivière et al.,  2016 ). Ultimately, postoperative 
exercising endoscopic evaluation is also required to be certain that 
the surgery has been successful and to judge the quality of the re- 
innervation, i.e. the degree of arytenoid abduction that is attained 
at exercise. Early results from the C1/C2 implant surgeries have 
shown that they are successful in around 85% of clinical cases, in 
preventing complete laryngeal collapse and alleviating clinical signs 
(Rossignol,  2021 ). However, in many cases (7/9 horses re- examined 
at 12 months) the arytenoid abduction often remains at around grade 
C (Rossignol et al.,  2018 ). The addition of the spinal accessory nerve 
graft is hoped to improve this exercising abduction grade. Difficulties 
remain when re- innervating horses with severe disease and very little 
remaining cricoarytenoideus dorsalis muscle. More recently, a mod-
ified laryngoplasty has been combined with the re- innervation tech-
nique (Rossignol et al.,  2021 ), with the aim of improving the degree 
of abduction in sports horses and racehorses, but the results of this 
‘dynamic neuroprosthesis’ operation are not yet available.  

    Arytenoidectomy 

 Arytenoidectomy surgery is usually performed to remove infected 
arytenoid cartilage in cases of arytenoid chondritis. Horses that 
have had resolution of active infection after arytenoid chondritis 

can be left with a very thickened cartilage, which causes mechani-
cal obstruction, and arytenoidectomy is also indicated in such cases. 
Occasionally it might also be used for horses that have a failed laryn-
goplasty, where repetition of the laryngoplasty is not possible. Some 
surgeons in the USA also use it as their primary treatment for horses 
with RLN. 

 Techniques for performing arytenoidectomy vary, but partial 
arytenoidectomy is probably the most commonly utilised. Partial 
arytenoidectomy involves the removal of all the arytenoid cartilage 
except for the muscular process. Exercising endoscopy of horses 
after standard partial arytenoidectomy showed that there was often 
collapse of the ipsilateral aryepiglottic fold tissue, and it was pro-
posed that this was a common cause of ongoing airway obstruction 
after partial arytenoidectomy (Figure  10 , Radcliffe et al.,  2006 ). 
Thus, a modified partial arytenoidectomy (MPA) was developed, 
which includes caudal traction and fixation of the left aryepiglottic 
fold, with any remaining loose ipsilateral tissue removed postopera-
tively (Radcliffe et al.,  2006 ).  

 During endoscopy at rest after MPA surgery, obvious complica-
tions such as the development of granulomas or excessive postop-
erative swelling can be noted. At exercise, the ipsilateral or medial 
collapse of the aryepiglottic fold is probably the most common ob-
struction observed (Figure  10 ). Static or dynamic rostral displace-
ment of the palatopharyngeal arch may also be present after MPA 
(Figure  11 ). The collapse of other structures including the ipsilateral 
palatopharyngeal arch, right vocal fold or vocal fold remnants, or 

  F I G U R E   9                   Oesophageal reflux of saliva after laryngoplasty can be seen at rest (left) and sometimes only during exercise (right). 

  F I G U R E   1 0                   Horse after standard partial arytenoidectomy during expiration (left) and inspiration (right). There is collapse of mucosal fold 
from the area of the corniculectomy and the left aryepiglottic fold during exercising endoscopy. 
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remnants of mucosa that was previously covering the arytenoid car-
tilage (Figure  10 ) can also occur.    

    EPIGLOT TIC ENTR APMENT SURGERY 

 Surgery to correct epiglottic entrapment consists of division and/
or removal of the entrapping tissues. Re- entrapment is reported to 
occur in 4%– 15% of cases (Ducharme & Rossignol,  2019 ). Exercising 
endoscopy is not necessary to diagnose re- entrapment in all but very 
rare cases because this is usually apparent during resting endos-
copy, particularly after stimulation of repeated swallow sequences. 
Similarly, persistent DDSP can be a long- term sequel of epiglottic 
entrapment surgery in up to 10% of cases, but this is apparent during 
resting endoscopy.  
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         INTRODUC TION 

 The ability to appropriately manage equine pain in chronic and acute 
settings remains limited, constrained by challenges in cost, side ef-
fects of analgesia and lack of robust evidence regarding efficacy 
(Mama et al.,  2019 ). Moreover, weight tapes and formulas currently 
used for the estimation of horse bodyweight have very limited ac-
curacy, compounding the challenges experienced by veterinarians, 
even when isometric dosing of analgesics is applied (Wagner et al., 
 2011 ). Commonly administered analgesics have also failed to pro-
duce consistent antinociceptive results, and the effectiveness of 
opioids on healthy, pain- free horses typically vary greatly from those 
seen in the presence of pain in a clinical setting (de Oliveira et al., 
 2014 ; Robertson et al.,  2014 ). Antinociceptive activity of opioids var-
ies as a result of the proteins involved in the absorption, distribution, 

metabolism, elimination and molecular aspects of target pathways 
(Yiannakopoulou,  2015 ). Mediated responses to opioids have also 
been associated with genetic variants, many of which influence a 
range of biological processes and molecular pathways (Angst et al., 
 2012 ; Kim et al.,  2009 ; Klepstad et al.,  2011 ; Stamer et al.,  2008 ). 

 While direct effects are undoubtedly important, of particular 
interest are the pleiotropic effects of genes involved in the devel-
opment of melanocytes within the melanocortin system, which ac-
count for several physiological and behavioural functions, including 
melanin- based coloration (Ducrest et al.,  2008 ; Zhao et al.,  2018 ). 
For example, the mRNA and protein from the melanocortin- 1 re-
ceptor ( MC1R ) gene are expressed in the central nervous system in 
the periaqueductal grey matter of the midbrain in humans (Xia et al., 
 1995 ). This area is known to be involved in pain modulation in other 
species and contains widely distributed mu (μ) and kappa (κ) opioid 
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receptors (Delaney et al.,  2010 ; Gutstein et al.,  1998 ). In horses, coat 
colour phenotypes also arise from the epistatic interaction of the 
 MC1R  gene and the agouti signalling protein ( ASIP ) gene— directing 
the production of red pheomelanin ( MC1R ) or black eumelanin ( ASIP ) 
(Rieder et al.,  2001 ). Consequently, the chestnut coat colour arises 
from two recessive variations in the  MC1R  gene, E e  and E ea  (Marklund 
et al.,  1996 ; Wagner et al.,  2000 ). Theoretically, these variants may 
be contributing to opioid sensitivity that differs based on MC1R gen-
otype (E/E, E/E  e , E/E ea , E  e /E  e , E ea /E ea ). 

 As technology and research become more advanced, the impor-
tance of pharmacogenetics in pharmacotherapy is becoming increas-
ingly prevalent. Despite this customised form of treatment being in 
its infancy in veterinary applications, pharmacogenetic testing has 
already been suggested as the ‘standard of care’ in canine breeds 
with a high risk of an ABCB- 1 mutation, especially in cases where 
vincristine, vinblastine, doxorubicin, loperamide or a macrocyclic 
lactone is the proposed treatment (Campion et al.,  2019 ). However, 
cost- effectiveness is an ongoing concern in the uptake of pharma-
cogenetics, thus the application of an easily determined phenotypic 
or genotypic link to the variability of opioid sensitivity would enable 
safer, economical and more ethical use of opioids in clinical scenar-
ios. This review looks to explore the gap in research into the phar-
macogenetics of opioids in the horse, with a focus on  MCR  genes, to 
explore areas of overlap between biological mechanisms associated 
with opioid metabolism and the genes associated with coat colour. 
Existing research in horses, alongside opioid sensitivity information 
in other species, will be drawn upon to highlight key areas for further 
research in equine opioid sensitivity.  

    OPIOIDS IN EQUINE PR AC TICE 

 In the prescription of opioids in equine practice, an epidemiological 
study into the attitudes towards pain identified analgesic potency 
as the most important consideration, followed by the information 
available, and behavioural and gastrointestinal (GI) side effects 
(Price et al.,  2002 ). Assessment of opioid analgesic potency has 
proven difficult, as it is often administered in conjunction with a 
sedative or tranquilising drug, skewing the results of traditional 
analgesia testing, which predominantly relies on motor responses 
as the experimental endpoint (Brunson et al.,  1987 ; Clutton,  2010 ; 
Kalpravidh et al.,  1984 ; Pippi et al.,  1979 ). Today, it is acknowl-
edged that the assessment of pain must take into account the 
cause, and animal and environmental factors, leading to the devel-
opment of multifaceted pain assessment tools considering physi-
ological and behavioural indices within the specific clinical setting 
(Hector et al.,  2018 ). 

 Opioids such as morphine, methadone and oxymorphone have 
been used alone for analgesia and administered in conjunction with 
an alpha- 2 adrenergic agonist responsible for decreasing afferent ac-
tivity and activating descending inhibitory neurons (Guedes,  2017 ; 
Matthews et al.,  2007 ). Alpha- 2 adrenergic agonists alone have been 
associated with lower cardiac output and heart rate, and increased 

systemic and vascular resistance (Pignaton et al.,  2016 ; Wagner 
et al.,  1991 ). However, the combined effect with opioids results in 
hyperpolarisation and reduced responsiveness of projection neu-
rons, which has been attributed to enhancing analgesia and sedation 
while reducing side effects associated with opioid usage (Cruz et al., 
 2011 ; Guedes,  2017 ; Lopes et al.,  2016 ). 

 A range of opioids have been used in horses, including pure μ- 
opioid receptor (MOR) agonists (e.g. morphine, methadone, fen-
tanyl, alfentanil), partial MOR agonists (e.g. buprenorphine) and 
κ- opioid receptor (KOR) agonist/μ- antagonists (e.g. butorphanol, 
nalbuphine) (Mama et al.,  2019 ). Due to the higher concentration of 
MORs in the horse ' s nervous tissue, pure MOR agonists were tradi-
tionally considered to have the most potent analgesic effect (Hellyer 
et al.,  2003 ; Thomasy et al.,  2007 ). However, butorphanol, a KOR 
agonist and partial MOR agonist, has been seen to have equal or 
greater efficacy in the treatment of GI pain, with potentially fewer 
side effects (Kalpravidh et al.,  1984 ; Muir et al.,  1985 ; Sellon et al., 
 2004 ; Thomasy et al.,  2007 ). The exact role of different receptors in 
mediating excitatory behaviours has been difficult to determine due 
to typically small sample sizes and wide dose ranges of existing stud-
ies. Results of clinical investigations into the effectiveness of opioid 
analgesia varied significantly depending on the individual horse and 
level of pain, with horses also showing greater variability than other 
species (Rowland et al.,  2014 ). Clinical studies have also seen varia-
tions resulting from age, and some research has been conducted into 
the effect of some genetic variations on opioid metabolism (Knych 
et al.,  2015 ; Ohta et al.,  2010 ; Sanchez et al.,  2007 ; Wetmore et al., 
 2016 ). Currently, the most common opioid used in equine practice 
is butorphanol, with morphine, fentanyl and methadone also sys-
temically administered (Robertson et al.,  2014 ). This review will also 
cover hydromorphone due to the large amount of recent studies on 
its effectiveness and side effects. 

    Overview of opioid metabolism 

 Opioids vary in their means of metabolism, with a general pattern 
that leads to the production of both active and inactive metabolites. 
The ultimate goal is to break down the lipophilic opioid to a hydro-
philic state to facilitate urinary excretion (Smith,  2009 ). Opioid me-
tabolisation typically occurs in the liver facilitated by liver enzymes 
and can be separated into two phases; phase one modification reac-
tions and phase two conjugation reactions, with different opioids 
going through these phases to varying extents. 

 Phase one metabolism typically involves hydrolysis or oxidation, 
involving cytochrome (CY) P450 enzymes in the liver that facilitate 
a range of reactions. CYP3A4 is the primary enzyme of drug metab-
olism in humans, acting on more than 50% of drugs, so the risk of 
drug- drug interactions in this phase is high (Smith,  2009 ). In horses, 
the CYP3A enzyme family has similarly been identified as the pri-
mary catalyst in phase one opioid metabolism; however, unlike hu-
mans, a member of the CYP2D family is also expected to have a role 
in this reaction (Knych et al.,  2019 ; Sandbaumhuter et al.,  2018 ). 
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 Phase two metabolism involves the conjugation of the drug to 
a hydrophilic substance, often through glucuronidation, catalysed 
by the uridine diphosphate glucanosyltransferase (UGT) enzyme. In 
humans, UGT2B7 has been attributed to catalysing glucuronidation 
on both the three and six hydroxy positions in opioids, essential for 
the metabolism of hydromorphone and morphine to their primary 
metabolites: hydromorphone- 6- glucuronide (H6G) and morphine- 
3- glucuronide (M3G) (Coffman et al.,  1997 ). Incubations of mor-
phine with equine liver microsome and four equine expressed UGTs 
identified that equine UGT2B31 was capable of metabolising M3G 
and M6G, indicating its involvement in glucuronidation. However, 
low yields of M6G suggest the possibility of currently unidentified 
UGTs contributing to morphine clearance, as is seen in humans 
(Hamamoto- Hardman et al.,  2020 ). UGT2B31 has also been iden-
tified in dogs to catalyse the glucuronidation of opioids with a sub-
strate specificity similar to human UGT2B7 and rat UGT2B1 (Soars 
et al.,  2003 ). Interestingly, in vitro incubations of morphine with 
UGT2B31 yielded greater concentrations of M3G than those with 
human UGT2B7 supersomes. Findings in this study suggest gluco-
sidation does not contribute to the clearance of morphine through 
M3 glucoside in the equine liver, contrary to what is seen in humans 
(Hamamoto- Hardman et al.,  2020 ). These results indicate some vari-
ation in the metabolism efficiency and pathways in horses. However, 
this study was the first to describe the phase two metabolism of 
opioids in equine UGTs, with further research required to fully un-
derstand the extent and effects of variations between species.  

    Opioid receptors 

 Opioid receptors are 7- transmembrane spanning proteins and part 
of the G- protein coupled receptor superfamily. Opioid receptor acti-
vation via agonists, either endogenous (e.g. endorphin) or exogenous 
(e.g. morphine), causes the Gα-  and Gβ- γ sub- units to dissociate, 
acting on multiple intracellular effector pathways, in particular, ac-
tivation of descending inhibitory pathways in the midbrain and the 
inhibition of neurotransmitter release from spinal cord primary af-
ferent terminals (Al- Hasani et al.,  2011 ; Chahl,  1996 ). Opioid recep-
tors have been identified as expressed in medulla locus coeruleus, 
and periaqueductal grey area (PAG) pathways, and in the limbic, 
midbrain and cortical structure (Al- Hasani et al.,  2011 ). To date, four 
opioid receptors have been characterised at the cellular, molecular 
and pharmacological levels; mu (μ), kappa (κ), delta (δ) and opioid 
receptor- like 1 (ORL1). All four couple to pertussis toxin- sensitive 
G- proteins, including Gα-  and Gβ- γ, resulting in inhibition of cy-
clic adenosine monophosphate (cAMP) formation (Al- Hasani et al., 
 2011 ). The inhibition of cAMP production impedes neurotransmitter 
release and, in conjunction with the actions of opioid receptors in 
modulating potassium and calcium ion channels, results in inhibitory 
effects on neural excitability. 

 The primary opioid receptors are μ, κ and δ, with the density, 
distribution and binding characteristics of each varying between 
species. In horses, the percentage of total opioid binding sites within 

the cerebral cortex for μ, κ and δ, are 71%, 14% and 15%, respec-
tively, with a significantly higher density of MOR in comparison to 
rats, with their corresponding values 56%, 4% and 40% (Thomasy 
et al.,  2007 ). In comparison to dogs, horses have significantly higher 
binding to MORs in the frontal cortical region of the brain and the 
colliculus and granule cell layer of the cerebellum, but no significant 
difference in midbrain subregions (Hellyer et al.,  2003 ). Variations 
seen in binding density could account for the greater excitatory 
effects of MOR agonists in horses; however, more horse- specific 
research is required in the field to understand the mechanisms con-
tributing to this result.  

    Butorphanol 

 Butorphanol is a synthetic 12- hydroxymorphian analogue that acts 
as a KOR agonist and partial MOR agonist. Butorphanol is metab-
olised in the liver primarily by phase one hydroxylation, with the 
resulting metabolites not retaining their analgesic activity, and are 
excreted in the urine (Schnellbacher,  2010 ). When compared with 
other opioids, butorphanol has been seen to produce the most relia-
ble response when in conjunction with an alpha- 2 adrenergic such as 
detomidine, increasing apparent sedation and decreasing response 
to external stimuli (Clarke et al.,  1988 ). Still, some side effects in-
cluding ataxia and excitatory behaviours such as locomotion have 
been seen at varying extents in conjunction with the administra-
tion of butorphanol (Arguedas et al.,  2008 ; de Grauw et al.,  2020 ; 
Queiroz- Neto et al.,  2013 ; Robertson et al.,  1981 ). However, due to 
its competitive MOR antagonist effects, low- dose butorphanol has 
been shown in other species to reverse/minimise some cardiovascu-
lar effects of pure MOR agonist opioids (Flecknell et al.,  1989 ; Haw 
et al.,  2016 ).  

    Morphine 

 Morphine is a MOR agonist and is often the basis for comparison with 
other opioids. Morphine is broken down in phase two metabolism 
glucuronidation by UGT2B31 and other UGT enzymes in the horse ' s 
liver at the three and six positions to produce its metabolites 
M3G and lower concentrations of morphine- 6- glucuronide (M6G) 
(Hamamoto- Hardman et al.,  2020 ). Horse liver cultures have also 
indicated that, unlike in humans, glycoxidation does not contribute 
to the elimination of morphine through the production of M3 
(Hamamoto- Hardman et al.,  2020 ). Morphine administration in 
horses has resulted in excitatory effects similar to those seen in 
other MOR agonists. In two studies of IV morphine at dosages of 
0.05, 0.1, 0.2 or 0.5 mg/kg, decreased gastrointestinal activity was 
seen across all groups, and ataxia was observed at higher doses. 
Researchers also correlated increased morphine dose with increased 
M3G concentrations and adverse side effects (Hamamoto- Hardman 
et al.,  2019 ; Knych et al.,  2014 ). Post administration of 0.05 mg 
kg 1  morphine 12 hourly for 6 days, horses recorded GI dysfunction 
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for up to 6 h. Defecation frequency decreased from 3.1 ± 1 to 
0.9 ± 0.5, with faecal matter weight decreased from 4.1 ± 0.7 kg to 
1.1 ± 0.7 kg and faecal moisture content decreased from 76 ± 2.7% 
to 73.5 ± 2.9% (Boscan et al.,  2006 ).  

    Fentanyl 

 Fentanyl is a synthetic MOR stimulating opioid and is metabolised 
primarily in phase one of drug metabolism by CYP34A (Labroo et al., 
 1997 ). Resultant of its actions in phase one metabolism, fentanyl is 
susceptible to drug interactions when given in conjunction with other 
drugs, which can result in increased presence in plasma or prolonged 
effect of the opioid (Stanley,  2014 ). Fentanyl has been associated 
with similar central nervous system (CNS) excitation effects seen in 
other MOR agonists, including a dose- related increase in respiratory 
and cardiac rates, and stepping frequency (Kamerling et al.,  1985 ). 
Variations in analgesic effects of fentanyl have been noted with age, 
with IV administration not producing significant antinociceptive 
effects in adult horses, whilst IV administration to foals at escalating 
doses resulted in heavy sedation (Knych et al.,  2015 ; Ohta et al., 
 2010 ; Sanchez et al.,  2007 ). Additionally, pharmacogenetic research 
has recently been conducted to explore the effect of genetic 
polymorphisms on fentanyl effectiveness, with horses harbouring 
the G57C polymorphism of the MOR displaying a significant increase 
in locomotion after fentanyl administration (20 μg/kg, IV) (Wetmore 
et al.,  2016 ).  

    Methadone 

 Methadone is a synthetic MOR agonist, administered as a racemic 
mixture of R-  and S- enantiomers, the former of which is responsible 
for the majority of opioid effects (Volpe et al.,  2018 ). Methadone un-
dergoes N- demethylation by CYP enzymes in phase one metabolism, 
forming an unstable compound that undergoes spontaneous cycli-
sation and dehydration, with the metabolites inactive and excreted 
renally. A comparative study found methadone alone insufficient to 
increase antinociceptive threshold and resulted in excitatory side ef-
fects, whilst a lower dose administered in conjunction with detomi-
dine showing significant sedation without such adverse effects (de 
Oliveira et al.,  2014 ). However, this result is dose- dependent, with a 
2019 study identifying detomidine (5 μg kg 1 ) unable to consistently 
overcome adverse side effects (Gozalo- Marcilla et al.,  2019 ).  

    Hydromorphone 

 Hydromorphone is a hydrogenated ketone of morphine, metabo-
lised extensively in phase two metabolism to H3G and dihydro- 
isomorphine glucuronide (Murray et al.,  2005 ). Analgesic effects of 
hydromorphone are from H3G interactions with MORs, also acting 
centrally at the medulla and depressing respiratory drive (Abi- Aad 

et al.,  2021 ). In comparing neuroexcitatory characteristics, dose- 
dependent excitation after the administration of H3G is similar to 
that seen with the morphine metabolite M3G (Wright et al.,  2001 ). 
Additionally, H3G was recorded to be approximately 2.5 times 
more potent than M3G, and quantitative analysis in naïve adult rat 
livers saw a 75%– 80% microsomal conversion efficiency of hydro-
morphone to H3G (Wright et al.,  1998 ). Central nervous system 
excitation and GI dysfunction have been extensively observed fol-
lowing the administration of hydromorphone in healthy, pain- free 
horses. Single intravenous (IV) hydromorphone administration led 
to a dose- dependent increase in heart rate and systolic arterial 
pressure across two studies; however, some contradictions were 
seen in adverse effects on respiratory rate, arterial gases, faecal 
output and temperature (Martins et al.,  2020 ; Reed et al.,  2019 ). 
From this, Reed et al. ( 2019 ) identified a dosage rate of 0.04 mg 
kg 1  as providing clinically relevant thermal anticonception with 
minimal adverse effects. Further studies comparing IV and intra-
muscular (IM) hydromorphone (both at 0.04 mg kg 1 ) found both 
methods of administration to provide effective analgesia for up to 
8 hours (Reed et al.,  2020 ). The maximum concentration of H3G in 
plasma after administration was significantly higher in the IV group 
(54.1 ± 5.84 ng mL 1 ) compared with the IM group (23.5 ± 5.5 ng 
mL 1 ). However, this study was unable to quantify the excitement 
characteristics of individuals post- treatment, so the significance 
of different plasma concentrations and the potential bearing on 
adverse effects of hydromorphone requires further exploration 
(Reed et al.,  2020 ). 

 The dose- dependent nature of side effects attributed to the opi-
oids covered highlights the need for a greater ability to determine 
the analgesic sensitivity of individual horses, better tailoring treat-
ment to minimise harmful effects and maximise welfare outcomes 
and safety both for veterinarians and equine patients.   

    MEL ANOCORTIN SYSTEM 

 Melanocortins are the collective of alpha (α- ), beta (β- ) and gamma 
(γ- ) melanocyte- stimulating hormones (MSH) and adrenocorti-
cotropin (ACTH) derived from proopiomelanocortin (POMC) via 
enzyme activity (Chaki et al.,  2005 ). Due to research availability, 
much of the information available on the melanocyte system uses 
humans or mice; however, equine POMC processing appears to 
be similar to that of other species (Wilson et al.,  1982 ). MC1R is 
one of 5 receptor subtypes (MC1R- MC5R) of the melanocortins, 
all of which belong to the G- protein coupled receptor superfam-
ily. MC1R exhibits a high affinity for α- melanocyte- stimulating 
hormone (α- MSH) and has a well- documented role in melanogen-
esis. This receptor also plays a role in the anti- inflammatory re-
sponse, and its expression has been recorded on macrophages and 
monocytes, endothelial cells, glioma cells, astrocytes, fibroblasts 
and keratinocytes (Mountjoy et al.,  1992 ; Wikberg,  1999 ). MC2R 
is predominantly expressed in the adrenal cortex and mediated 
ACTH- induced steroidogenesis. MC3R has been attributed to a 
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role in autonomic functions and energy homeostasis, while MC5R 
resides ubiquitously in peripheral tissues, impacting the regula-
tion of exocrine secretions. MC3R and MC4R are both expressed 
mainly in the brain, with MC4R critical in the central regulation of 
feeding behaviour, energy expenditure, addiction to drugs, pain 
processes and regulation of the hypothalamus- pituitary axis (HPA). 
In mice, MC4R has also been seen to influence anxiety and depres-
sive behaviours in the dorsal raphe nucleus through regulation of 
the serotonergic system (Bruschetta et al.,  2020 ). MC1R has simi-
larly been seen to affect anxiety with  MC1R  variants recording sig-
nificant differences in dental care- related anxiety (Binkley et al., 
 2009 ). However, the mechanisms of this relationship are yet to be 
deeply explored, with a possible explanation being a simultaneous 
variation of other melanocortin receptors. Of particular interest 
are the  MC1R  and  MC4R  genes and the potential of dual variations 
indicating plausibility of the association of coat colour and opioid 
sensitivity. Whilst there are three variants of the horse  MC1R  gene 
that have been connected to a pigmentation phenotype, there 
are no reported variants in MC4R that have been connected to 
a known phenotype in the horse (Andersson,  2003 ; Corbin et al., 
 2020 ). 

    Pigmentation expression of melanocortin- 1 
receptor and agouti signalling protein 

 Accurate identification of coat colour is key in outlaying a founda-
tion for genetic investigations and for registration purposes. Equine 
coat colour can be attributed to the interactions of several genes 
(Sponenberg et al.,  2017 ). The  MC1R  and agouti signalling protein 
( ASIP ) genes and their corresponding variants determine the basis of 
equine coat colour through regulation of eumelanin and pheomela-
nin (Zhao et al.,  2018 ). MC1R resides on the surface of melanocytes, 
which, when activated by α- MSH, the dominant  MC1R  (E E ) allows the 
transmission of information to trigger a series of reactions that lead 
to the production of eumelanin. In horses possessing the common 
variant  MC1R  (E e ) corresponding to a recessive missense mutation 
(S83F) or the rare recessive allele  MC1R  (E ea ), the receptor is unable 
to transmit information from α- MSH activation, resulting in the pro-
duction of pheomelanin in place of eumelanin (Marklund et al.,  1996 ; 
Neves et al.,  2017 ; Wagner et al.,  2000 ). Thus, horses homozygous 
for the loss of function mutations will only produce red pigment and 
are described as chestnut colour.  ASIP  acts as an antagonist to the 
 MC1R  gene, reducing its responsiveness to α- MSH, limiting the sub-
sequent increase in adenylate cyclase and tyrosinase, the enzymes 
responsible for melanogenesis. This creates a blockade effect pre-
venting stimulus for the production of eumelanin, subsequently 
leading to the synthesis of pheomelanin, restricting black colora-
tion to the points resulting in a bay horse (Sponenberg et al.,  2017 ; 
Swope et al.,  2012 ). The recessive  ASIP  (A a ) is caused by an 11 base 
pair deletion in the second exon initiating a frameshift in the  ASIP  
protein, resulting in a loss of function and thus signalling through 
MC1R produces an all- black coat colour (Daverio et al.,  2016 ). The 

chestnut coat colour E e /E e  or E ea /E ea  is epistatic to  ASIP  (Neves et al., 
 2017 ).  

    Pleiotropic effects of the melanocortin- 1 receptor 

 Chestnut horses have often been reported by their owners as 
being flightier than other colours, which suggests a possible as-
sociation of  MC1R  variants with behavioural traits. A behavioural 
association study assessed this relationship, utilising an owner- 
completed questionnaire and visual identification of phenotype. 
Investigations revealed chestnut horses as significantly more likely 
to approach foreign stimuli within their environment, perceiving 
them as ‘bolder’. This was the only significant difference to be asso-
ciated with base coat colour; however, the study did not genotype 
horses, thus the inability to discern intermediate phenotypes may 
have weakened potential associations (Finn et al.,  2016 ). Similarly, 
a behaviour study of genotyped Tennessee walking horses, also 
using owner surveys, found no significant association of behaviour 
with  MC1R  locus or combined genotype effects of  ASIP  or  MC1R . 
Results revealed the only significant association of colour was in 
black mares (A a /A a ) significantly more self- reliant than bays (A A /_) 
defined by restlessness when solitary (Jacobs et al.,  2016 ). Results 
of both investigations revealed associations with age and sex, with 
Finn et al. ( 2016 ), also seeing associations with breed and age in 
which the horse was first handled (Finn et al.,  2016 ). Investigations 
into the association of the  MC1R  variants and behavioural traits 
to date have been limited and none have explored associations in 
pain or analgesic sensitivity, with greater research into this area 
needed in the equine field to improve precision medicine (Chen 
et al.,  2017a ,  2017b ; Jacobs et al.,  2016 ). 

 While limited research on  MC1R  outside of coat colour has 
been done in horses, studies of other species have established 
numerous other roles of the  MC1R  gene. In addition to its widely 
accepted roles in pigmentation, the  MC1R  gene has also been cor-
related with anxiety, being seen as a significant predictor of dental 
care- related anxiety in humans (Binkley et al.,  2009 ). The  MC1R  
gene has also been implicated in burn injury complications, with 
human studies showing  MC1R  polymorphisms may contribute to 
systemic infectious response syndrome associated with infectious 
complications and organ failure following major burn injury (Carter 
et al.,  2018 ). Pheomelanin pigment pathways resultant from  MC1R  
polymorphisms have also been attributed to ultraviolet- radiation 
independent melanoma carcinogenesis via a mechanism of oxida-
tive damage, with variants presenting the highest melanoma risk 
(Chen et al.,  2017a ,  2017b ; Mitra et al.,  2012 ; Tell- Marti et al., 
 2020 ). Epidemiological studies have established a bidirectional 
association between melanoma risk and Parkinson ' s disease, with 
 MC1R  involvement indicated in this relationship (Huang et al., 
 2015 ; Olsen et al.,  2006 ; Siple et al.,  2000 ). Additionally,  MC1R  
recessive mutants have been shown to have compromised dopa-
minergic neuronal integrity, increasing their susceptibility to dopa-
minergic neurotoxins (Chen et al.,  2017a ,  2017b ; Tell- Marti et al., 
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 2020 ). Moreover, MC1R is essential in the α- MSH suppression 
of lipopolysaccharide- induced inflammatory activity in macro-
phages, indicating a possible variability in the intracellular path-
ways in which they function when expressed on immune cells (Li 
et al.,  2008 ). However, it is not yet established if this is due to the 
effects of this variant or other associated genetic variant(s).  

    Roles of the melanocortin- 4 receptor 

 In the equine field, there has also been little investigation into 
the multiple roles and implications of the MC4 receptor. In fact, 
to date, no variants in this gene have been connected with any 
known phenotype in horses. However, various rodent models 
have been used to demonstrate the extensive range of actions in 
which MC4R is involved, including feeding, energy expenditure, 
pain processes and behavioural aspects of addiction, anxiety and 
depression (Balthasar et al.,  2005 ; Bruschetta et al.,  2020 ; Caruso 
et al.,  2007 ; Chaki et al.,  2005 ; Chen et al.,  2017a ,  2017b ; Fontanesi 
et al.,  2013 ; Irani et al.,  2005 ; Kumar et al.,  2009 ; Lu et al.,  2003 ; 
Mansour et al.,  2010 ; Sandrock et al.,  2009 ; Sartin et al.,  2008 ; Van 
der Ploeg et al.,  2002 ). 

 Central to its widespread effects is the involvement of MC4R 
in the hypothalamus- pituitary axis. Plasma levels of ACTH and cor-
ticosterone appear to be influenced by the  MC4R  gene, supported 
by the presence of MC4R within a subpopulation of corticotropin- 
releasing hormone neurons in the paraventricular nucleus of 
the hypothalamus (Lu et al.,  2003 ; Von Frijtag et al.,  1998 ). The 
corticotropin- releasing hormone has been hypothesised to act as 
a downstream mediator contributing to the central melanocortin 
systems control of feeding and neuroendocrine response via the 
hypothalamus- pituitary axis. The involvement of the  MC4R  gene 
in this area has also been seen to affect the inflammatory regula-
tion of prostaglandins and nitric oxide through its modulatory role 
in early hypothalamic response to interleukin- 1 beta (Cragnolini 
et al.,  2006 ). Findings of a 2007 study suggest α- MSH, through 
MC4R activation, reduces inflammation by decreasing nitric oxide 
synthase and cyclooxygenase- 2 expression and prevents apop-
tosis of astrocytes through modulation of expressed proteins 
(Caruso et al.,  2007 ). 

 Importantly, the MC4R has also been implicated in opioid inter-
actions and nociception and has been identified to be antagonised 
by agouti- related protein (AgRP) similar to MC1R (Lu et al.,  1994 ). 
MC4R, POMC and AgRP transcripts have all been detected in the 
spinal cord and dorsal root ganglion, with upregulation of POMC 
and MC4R seen in the presence of tactile allodynia and thermal 
hyperalgesia in neuropathic rats indicating the involvement of the 
 MC4R  gene in nociception (Beltramo et al.,  2003 ). Investigations 
into MC4R opioid interactions saw antinociceptive effects of mor-
phine increase with both pharmacological and genetic blockade of 
the  MC4R , but the potency for locomotor activity is unchanged (Ercil 
et al.,  2005 ). Additionally, chronic administration of morphine has 
been seen to cause down- regulation of  MC4R  mRNA expression in 

the nucleus accumbens, striatum and PAG regions involved in be-
havioural effects of opiates, whilst levels of  MC4R  mRNA expres-
sion in other brain regions were not affected, indicating the possible 
involvement of  MC4R  down- regulation in opiate tolerance and de-
pendence (Alvaro et al.,  1996 ). Further studies have suggested that 
agonist activity at MCRs potentiated amphetamine reward, and 
changes to  MC4R  expression resulted in other functional conse-
quences, supporting the role of the MC4R neuropeptide system in 
both behavioural and biochemical effects of opioids (Alvaro et al., 
 2003 ; Cabeza de Vaca et al.,  2002 ). The  MC4R  gene has also been 
implicated in stress- induced changes in behaviour, with the admin-
istration of a selective MC4R antagonist showing anxiolytic and 
antidepressant- like activities in various rodent models (Chaki et al., 
 2003 ,  2005 ; Vergoni et al.,  1999 ). Chemogenetic activation of dor-
sal raphe nucleus MC4R neurons has also been seen to reverse the 
effects of anxiety, depression and reduced feeding resultant from 
inhibition of these neurons (Bruschetta et al.,  2020 ). 

 Further behavioural effects of  MC4R  have been seen in relation 
to feeding, with agouti obesity syndrome in mice described as a re-
sult of chronic antagonism of the MC4R, disrupting the inhibitory 
signals that melanocortin neurons exert on feeding behaviour (Fan 
et al.,  1997 ; Huszar et al.,  1997 ). Activation of the neuronal MC4R 
is also required for cholecystokinin- induced suppression of feed-
ing and is necessary for the control of dietary fat intake (Fan et al., 
 2004 ; Samama et al.,  2003 ).  MC4R  polymorphisms in pigs identified 
similar results, with certain mutations significantly affecting produc-
tion traits including average daily gain and feed gain ratio (Fontanesi 
et al.,  2013 ). Agouti inhibition of MC4R has also demonstrated mod-
ulatory effects on constant grazers similar to horses, stimulating 
food intake in healthy sheep and preventing appetite inhibition in 
response to endotoxins (Sartin et al.,  2008 ; Wagner et al.,  2004 ). 
Subsequent alterations in food intake account for approximately 
60% of the effects of the  MC4R  gene on energy balance, with the 
remaining 40% due to changes in energy expenditure (Balthasar 
et al.,  2005 ).  MC4R  has been hypothesised to play a role in energy 
partitioning through insulin release and peripheral responsiveness 
due to its involvement in the communication pathway between the 
central MC system and pancreatic islets in the regulation of insulin 
(Fan et al.,  2000 ; Mansour et al.,  2010 ). Moreover, MC4R agonist 
activity has been shown to improve glucose homeostasis through 
melanocortin agonist- induced weight loss and liver metabolism im-
provements (Kumar et al.,  2009 ).   

    MEL ANOCORTIN RECEPTORS AND OPIOID 
METABOLISM 

 Due to the extensive distribution of MCRs throughout the CNS, 
there are many sites of interaction with opioid receptors that may 
contribute to possible effects on opioid sensitivity. Derivation of 
both melanocortin and opioid receptors from the G- protein coupled 
receptor superfamily may also have a role in potential interactions 
(Al- Hasani et al.,  2011 ; Chaki et al.,  2005 ). 
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    Melanocortin- 1 receptor and opioid receptor 
interaction in the periaqueductal grey 

 Primary afferent nociceptors convey pain to the dorsal horn of 
the spinal cord, after which ascending pathways transmit the in-
formation to the brain. These ascending pathways are modulated 
by supraspinal descending pathways, serving as an endogenous 
analgesic system (Lau et al.,  2014 ). PAG acts on the rostral ven-
tromedial medulla (RVM) to project to the spinal cord dorsal horn, 
with activation of this descending pathway inhibiting ascending 
nociceptive transmission and subsequently eliciting analgesia (Lau 
et al.,  2014 ). Opioids are hypothesised to act on this system via 
gamma- aminobutyric acid (GABA) neurotransmitter disinhibition, 
whereby tonically active GABAergic interneurons within the PAG 
and RVM release GABA, which acts via GABA A  to inhibit spinal 
output neurons (Galaj et al.,  2020 ). Additionally, MORs are highly 
expressed in GABA neurons; however, direct evidence support-
ing the opioid- induced GABA disinhibition hypothesis of the PAG- 
RVM pathway is still lacking. 

 Patch- clamp recordings from rats showed opioids acted via 
KORs and MORs but not DORs to inhibit GABAergic and gluta-
matergic synaptic inputs onto PAG neurons presynaptically, acting 
on the systems that indirectly control output neurons projected to 
the RVM (Lau et al.,  2020 ). MOR and KOR mRNA and immunore-
activity (IR) are widely distributed throughout the PAG and RVM, 
with significant MOR and KOR IR overlap in the nucleus raphé 
Magnus and ventrolateral PAG. The anatomical distribution of 
KOR and MOR mRNA and IR in PAG correlated with areas known 
to project to the RVM, suggesting both receptors play a role as 
antagonists in regulating the PAG- RVM local circuit required for 
analgesia (Gutstein et al.,  1998 ). Additionally, investigations into 
rats have identified the presence of a small number of cells with 
scattered distribution showing a specific hybridisation signal for 
MC1R mRNA (Xia et al.,  1995 ). Immunoreactivity for MC1R was 
also detected in scatter cells within human PAG, indicating a re-
stricted distribution of MC1R in the CNS. Despite lacking evidence 
from horses, the presence of MC1R in PAG in other species flags 
it as a gene of interest for further research into variable opioid 
sensitivity.  

    Melanocortin- 1 receptor and opioid receptor 
expression on immune cells 

 The interactions between the opioid peptide- expressing immune 
cells and the sensory neurons expressing opioid receptors repre-
sent an intrinsic pain control mechanism in both humans and animals 
(Machelska et al.,  2020 ). Several studies of normal human immune 
cells have identified mRNA of MORs in T and B lymphocytes, mono-
cytes/macrophages and granulocytes, with DOR mRNA expressed 
in low levels in T, B and monocyte cell line, and KORs only in B cell 
lines (Chuang et al.,  1995 ; Gavériaux et al.,  1995 ). Moreover, MC1R 
has been accepted to have a role in anti- inflammatory response and 

its expression has been validated at high levels on melanocytes and 
granulocytes (i.e. neutrophils, eosinophils and basophils) (Guida 
et al.,  2021 ). Although it is yet unknown the importance of combined 
immune cell expression of opioid receptors and the  MC1R  gene in 
an equine clinical setting, the implications of this interaction in the 
presence of pain and increased immune response prior to opioid 
administration could account for variances in opioid sensitivity. To 
date, the majority of equine opioid studies have involved healthy 
horses or retrospective evaluations, so more targeted research is 
required in this area to best understand the implications of this re-
lationship. Immune cell- mediated analgesia also presents an oppor-
tunity for minimising side effects associated with opioids; however, 
this is yet to be explored in horses.  

    Melanocortin- 1 receptor gene, pain and analgesia 
links in horses 

 To date, studies exploring the relationship of the  MC1R  to variations 
in pain and analgesic sensitivity in horses are lacking. As such, infor-
mation must be extrapolated from the evidence provided by other 
species to understand the potential role of the  MC1R  in pain and 
opioid analgesia.  

    Melanocortin- 1 receptor gene, pain and analgesia 
links in humans 

 In humans, MCRs demonstrate antagonistic effects over the analge-
sia of morphine and beta- endorphin, with findings suggesting altera-
tions of the MC system within the CNS may be associated with an 
increased pain state (Vrinten et al.,  2000 ). A study of red- haired and 
dark- haired women testing the influence of  MC1R  variation on pain 
sensitivity saw electrical current perception, pain perception and 
pain tolerance similar across the two groups. However, red- haired 
women were more sensitive to thermal pain, recording a 1.8 times 
increase in sensitivity to cold pain perception (average sensitivities 
of 22.6 vs. 12.6°C in dark hair group), lower cold pain tolerance (6.0 
vs. 0°C) and heat pain tolerance lower by a factor of 1.03 (Liem et al., 
 2005 ). Conversely, a gene dosage study of pain and M6G analgesia 
in humans indicated carriers of a nonfunctional  MC1R  variant to have 
a 1.3- time greater tolerance to electrical pain stimulus before M6H 
administration, with nonfunctional MC1R mice displaying a similar 
decreased pain sensitivity across a range of nociceptive modalities. 
After M6G administration, analgesic response in subjects possess-
ing an  MC1R  variant appeared to be greater, producing a 49% in-
crease in tolerable current, compared with an 18% increase in the 
control group (Mogil et al.,  2005 ). A possible explanation for the 
contradictory results across the two studies could be the influence 
of gender, with Liem et al. only including women (Liem et al.,  2005 ). 
Nevertheless, both studies demonstrate a degree of pain sensitivity 
differentiation associated with an  MC1R  variation, with results rep-
resentative of the implication of specific pathways involved in pain.   
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    CONCLUSION 

 Variable sensitivities to administered opioids in horses result from 
drug interaction across multiple pathways of its metabolism and ac-
tions. Immunoreactivity and mRNA of the  MC1R  gene have been 
identified in conjunction with opioid receptors in both the PAG pain- 
modulating descending pathway and in some immune cells in other 
species. Other members of the melanocortin receptor family have 
also been identified to be involved in behaviour and potentially pain, 
allowing the possibility of simultaneous mutations in the melano-
cortin receptors contributing to analgesic effectiveness. Genetic 
variations in the  MC1R  gene in humans and other species have been 
identified to alter pain and analgesic sensitivity. Whilst we acknowl-
edge the pharmacodynamic interactions involved in analgesics are 
complex, we hypothesise equine coat colour variations to play a 
role, acting as a possible phenotypic indicator for variations in opioid 
sensitivity. However, similar studies investigating the three known 
variation in MC1R in horses and connection to pain and analgesic 
metabolism are yet to be conducted in horses and present itself as 
a potential area for improvement in the safety and administration of 
opioids used in equine veterinary practices through greater pharma-
cogenetic understanding.  
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         BACKGROUND 

 Chorioptic mange is a common pruritic equine skin disease caused 
by  Chorioptes bovis . Horses with feathered fetlocks, such as draught 
breeds, are predisposed (Cremers,  1985 ) and epidermal material 
from pasterns can allow external survival of mites as demonstrated 
from pasterns of cob and draught breeds (Sweatman,  1957 ). The dis-
ease mostly affects distal limbs, causing erythema, alopecia, scaling, 
crusts and lichenification. Pruritus is variable; some animals with 
large numbers of mites can be non- pruritic (Mullen & O’Connor, 
 2018 ; Taylor et al.,  2016 ). Chorioptic mange may be involved in –  or 
be the only cause of –  chronic pastern dermatitis (Yu,  2013 ). A gen-
eralised form, tail and perianal fold pruritus, has also been described 
(Scott & Miller,  2011 ). Clinical signs are more severe in winter as mite 
activity increases when temperatures drop, and horses are more fre-
quently stabled (Mullen & O’Connor,  2018 ). Diagnosis is based on 
clinical signs and positive superficial skin scrapings and/or by trap-
ping mites on adhesive tape (Bergvall,  2005 ). 

 In many countries, no licenced product is available to treat equine 
chorioptic mange. The lack of clinical studies that could lead to a li-
cence in the ‘chorioptic mange’ indication in the equine species may 
result from several factors. The cost- benefit analysis for a manufac-
turer is not necessarily favourable and clinical studies are difficult to 
set up. In addition, guidelines from the registration authorities are 

lacking, unlike what is observed in cattle (Committee for Medicinal 
Products for Veterinary Use,  2021a ) or in sheep (Committee for 
Medicinal Products for Veterinary Use,  2021b ). Treatment often is 
challenging and failure and relapses are common. They may be a re-
sult of the inadequacy of initial treatment (e.g. single treatments fail-
ing to address all life- cycle stages, failure to clip feathers to ensure 
adequate topical therapy) or due to reinfestation secondary to the 
failure to treat in- contacts and the environment (Taylor et al.,  2016 ). 
The purpose of this study is to use the available evidence to deter-
mine the most effective treatment(s) for chorioptic mange.  

    CLINIC AL SCENARIO 

 The patient is a 10- year- old draught horse with chronic pruritus of 
the distal limbs, particularly of the fetlocks and pasterns, expressed 
by chewing and stamping. On dermatologic examination, crusted 
and ulcerated lesions, erythema and alopecic plaques are observed. 
The horse is in contact with other horses without feathered fetlocks 
and takes part in shows. The other animals show no clinical signs. 
Microscopical examination of skin scrapes reveals  Chorioptes  spp. 
mites. Chorioptic mange is diagnosed; the question is which thera-
peutic protocol will result in clinical and parasitological cure of the 
horse.  
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    REFINING THE QUESTION 

 A population, intervention, comparison, outcome (PICO) question 
was formulated: ‘In horses with chorioptic mange, which treatment 
is the most effective’? 

 P (population)=horse with chorioptic mange. 
 I (intervention)= treatment. 
 C (comparison)=different types. 
 O (outcome)=clinical and parasitic resolution. 
 Preferred study type=clinical trials.  

    SE ARCH STR ATEGY 

 For different types of treatment, PubMed, CAB and Scopus were 
searched on 15 September 2021 with the following criteria: ((equine 
OR horse OR equids) AND (chorioptes OR chorioptic mange OR cho-
rioptes equi OR chorioptes bovis) AND (treatment)).  

    QUANTIT Y OF E VIDENCE 

 The search yielded 14 results published between 1973 and 2019. 
Papers in a language other than English were excluded. Other 
papers were screened for such criteria as relevance to the PICO 
question and multi- animal inclusion, and six clinical trials were se-
lected, of which one was double- blinded and placebo- controlled, 
two were controlled, two were comparative and one was a pilot 
trial.  

    QUALIT Y OF THE E VIDENCE 

 All the papers were published in three peer- reviewed international 
journals. Table  1  summarises the journal, the number of subjects and 
the type of each study.  

 The quality of evidence in the selected papers varied mostly be-
cause of the small to medium number of subjects and the design of 
the study; however, they were considered to be of acceptable qual-
ity to contribute to the conclusions of PICO.  

    RESULTS/CONCLUSION OF E VIDENCE 

 Key results are summarised in Table  2 .  
 Parasitic cure was reported in three studies using three differ-

ent protocols: (i) application of 1% selenium sulphide shampoo for 
10minutes on three occasions and treatment of the environment to-
gether with changing the bedding (Curtis,  1999 ); (ii) moxidectin oral 
gel administered once, or ivermectin 2mg/kg administered twice, 
plus two treatments of the environment with deltamethrin 2weeks 
apart (Rufenacht et al.,  2011 ); (iii) four applications of lime sulphur 
at 7- day intervals, with or without hair clipping with no treatment 
of the environment (Paterson & Coumbe,  2009 ). The lesions and 
pruritus were successfully healed only in the study in which mox-
idectin or ivermectin was administered orally (Osman et al.,  2006 ). 
Moxidectin at the same dose but given twice, 3weeks apart, with 
a different treatment of the environment, failed to achieve either 
parasitological or clinical cure of the animals (Rufenacht et al.,  2011 ). 
The authors suspected the difference in climate between Western 
Europe and Egypt, where the first study was conducted, and differ-
ent environmental treatments (Rufenacht et al.,  2011 ) were respon-
sible for the different outcomes. Furthermore, the type and breed of 
horses selected by Osman et al. ( 2006 ) are not precisely described, 
whereas it is known to be a crucial factor that predisposes horses 
to chorioptic mange. In one study, ivermectin administered orally 
was successfully combined with treatment of the environment with 
deltamethrin (Osman et al.,  2006 ) but, in the second study in which 
the environment was not treated, the same treatment significantly 
reduced the number of mites but did not provide a parasitological 
cure (Littlewood et al.,  1995 ). 

 Both Paterson and Coumbe ( 2009 ), and Curtis ( 1999 ) obtained a 
parasitological cure and a marked improvement in lesions using dif-
ferent shampoos under different protocols. In particular, in an open 
study, selenium sulphide shampoo was used on seven horses com-
bined with a broad- spectrum disinfectant applied to the environ-
ment (Curtis,  1999 ). The application of lime sulphur was preceded 
by either benzoyl peroxide or by acetic acid/boric acid shampoo 
(Paterson & Coumbe,  2009 ). It is possible that mechanical cleaning 
during shampooing also plays a role. The treatment was successful 
in both studies, despite the fact that several horses did not have the 
hair on their limbs clipped (Curtis,  1999 ; Paterson & Coumbe,  2009 ). 

   TA B L E   1         Summary of the quality of evidence 

 Paper  Journal  Number of subjects  Type of study 

 Littlewood et al ( 1995 )  Veterinary Record  24  Prospective single- blind controlled study 

 Curtis ( 1999 )  Veterinary Record  7  Prospective open uncontrolled study 

 Osman et al. ( 2006 )  Veterinary Parasitology  14  Prospective open comparative controlled study 

 Rendle et al. ( 2007 )  Veterinary Record  17  Prospective randomised comparative clinical study 

 Paterson & Coumbe ( 2009 )  Veterinary Dermatology  22  Prospective open clinical study 

 Rufenacht et al. ( 2011 )  Veterinary Dermatology  19  Prospective, double- blind, placebo- controlled study 
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 Rendle et al. ( 2007 ) compared injectable doramectin and topical 
fipronil, with no treatment of the environment. None of the treat-
ments eliminated mites from all the horses, but both treatments led 
to a statistically significant reduction in the initial number of mites 
with no differences between the groups. Pruritus ceased on Day 28, 
but some skin lesions persisted.  

    CLINIC AL BOT TOM LINE 

 Clinical evidence is not sufficient to unequivocally answer the 
PICO question. Additional controlled, comparative studies using 
larger numbers of horses are required for clinical confirmation. 
No single study could claim a licence, as on the cattle (Committee 
for Medicinal Products for Veterinary Use,  2021a ) or the sheep 
(Committee for Medicinal Products for Veterinary Use,  2021b ) 
several controlled studies would be required to assess the effec-
tiveness of a product. An untreated control group is not justified 
because of animal welfare reasons; therefore, comparative studies 
should be recommended. Of the published studies, the Littlewood 
et al. ( 1995 ) (ivermectin paste), Curtis ( 1999 ) (1% selenium sulphide 
shampoo), Osman et al. ( 2006 ) (moxidectin vs. ivermectin) and 
Paterson and Coumbe ( 2009 ) (5% lime sulphur) studies would meet 
>90% efficacy but all have significant limitations (Table  2 ). Most of 
these clinical studies were conducted over a relatively short pe-
riod of time, which possibly could explain to some extent the lack 
of resolution of clinical signs. Equine chorioptic mange is usually a 
long- standing, chronic condition (Taylor et al.,  2016 ) and it would 
be unrealistic to expect all clinical signs to resolve within the time 
frame of these studies. 

 Meanwhile, to maximise the chances of achieving parasitological 
and clinical control in draught horses with feathered distal limbs af-
fected by chorioptic mange, it may be advisable to stable horses in-
dividually and to treat the environment, clip the feathers (despite the 
frequent wish of owners not to do so) and use a shampoo containing 
benzoyl peroxide or acetic acid/boric acid to clean the surface of 
the horses’ legs, then apply 5% lime sulphur without rinsing, four 
times, at 7- day intervals. As an alternative to the last two options, 
1% selenium sulphide shampoo can be applied three times at 5- day 
intervals and left for 10minutes before rinsing. All other animals in 
contact have to be treated. 

 If topical therapy is not possible, a single oral dose of 400 μg/
kg of moxidectin or two doses of ivermectin at 200 g/kg admin-
istered orally at a 2- week interval combined with deltamethrin 
applied twice in the environment 2 weeks apart could be tried. 
Although doramectin is routinely used in some countries such as 
the UK, current evidence supporting the use of doramectin as a 
first- line medication when the veterinarian chooses to use a sys-
temic treatment needs further studies with larger numbers of 
horses.  
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