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Compounding pharmacies have been a hot topic in both the 
human and the equine medical world in recent years. From 
meningitis in people caused by fungal contamination of 
compounded steroids in New Jersey to the death of polo 
ponies in Florida caused by 
an overdose of selenium in a 
compounded medication, 
we are all aware of the 
dangers associated with 
compounding. Realizing the 
necessity of compounding to 
equine veterinary practice, 
but also realizing the risks, 
the AAEP has been a leader 
in promoting the legal, 
ethical and safe use of 
compounded medications.

Through publications and 
presentations at the Annual 
Convention, the AAEP has 
sought to educate its 
members on the correct use 
of compounding. In addition to providing excellent informa-
tion on the proper use of compounding, the AAEP has 
encouraged high standards for compounding pharmacies by 
limiting the opportunity to exhibit at the Annual Convention 
Trade Show to pharmacies that have achieved accreditation 
from the Pharmacy Compounding Accreditation Board 
(PCAB). PCAB-accredited pharmacies have gone the extra 
mile to demonstrate that they comply with nationally 
accepted quality control, quality assurance and quality 
improvement standards, assuring that the patient receives a 
quality medication. 

Dr. Scott Stanley presented an excellent paper at the 2010 
Annual Convention in which he acknowledged that “com-
pounding pharmacies are a necessary and beneficial 
component of veterinary practice.” Every practitioner has 
encountered medical conditions in which he or she has had 
the need for a compounded medication. These situations 
occur when a drug is not available in the veterinary market, 
is no longer commercially available or must be reformulated 
into a suitable dosage form. 

It is incumbent upon the practitioner to decide when it is 
safe, legal and ethical to use a compounded medication. The 
veterinarian who prescribes the drug is responsible for the 
safety and efficacy of the medication. This is a responsibility 
that should not be taken lightly. 

There is a serious problem in veterinary medicine with the 
compounding of “pirated” drugs, which are medications 
for which there is an available FDA-approved product. 

The most common reason for prescribing these drugs is 
cost, which is never a legitimate reason to compound. Not 
only is it illegal to compound or prescribe a pirated drug, 
but it is unfair to the pharmaceutical companies who have 
gone to great expense to develop the drug and bring it to 
market. In addition to being illegal and unfair, it is not 
providing the best medication for the patient as numerous 
studies have shown that pirated drugs quite often do not 

contain the correct concentra-
tion of the effective medication. 
Three of the commonly pirated 
drugs are omeprazole, pergolide 
and deslorelin, which mimic  
the FDA-approved drugs, 
Gastro-Gard, Prascend and 
Sucro-Mate, respectively.

Veterinarians who prescribe these 
illegal products are putting 

themselves at 
risk of censure 
or losing their 
license to 
practice 
veterinary 
medicine. 
Veterinarians 
spend years of 
hard work in 
training to 
receive their 
veterinary 
degree, not to 
mention 
making a very 
significant 
financial 

investment in their education. Clients may pressure their 
practitioner to prescribe a pirated product because it is much 
less expensive than the FDA-approved drug, but no client is 
worth the veterinarian losing his or her license to practice 
veterinary medicine. 

Equine veterinarians should be proud that the AAEP has 
taken a strong stand for the safe, ethical and legal use of 
compounded medications. This position is in perfect 
alignment with AAEP’s mission “to improve the health and 
welfare of the horse, to further the professional development 
of its members, and to provide resources and leadership for 
the benefit of the equine industry.”

Dr. Riddle is a partner at Rood and Riddle Equine Hospital 
in Lexington, Ky., and a member of the AAEP’s Professional 
Conduct and Ethics Committee.

Ethics: Responsible use of compounded medications

Dr. W. Thomas Riddle

By W. Thomas Riddle, DVM

“It is incumbent 
upon the 
practitioner to 
decide when it is 
safe, legal and 
ethical to use a 
compounded 
medication.”
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Merging clues with progressive thought to solve mysteries 
in the areas of infectious disease and neonatal medicine will 
be spotlighted when renowned equine internist Dr. John 
Madigan delivers the Frank J. Milne State-of-the-Art 
Lecture on Dec. 8 during the AAEP’s 60th Annual 
Convention in Salt Lake City, Utah.

During Dr. Madigan’s lecture, titled “Gumshoe Sleuthing in 
the World of Infectious Disease and Neonatology: 
Discoveries That Changed Equine and Human Health,” 
attendees will be immersed into the process of infectious 
disease investigation, specifically related to mysterious 
clusters of fevers of unknown origin and pursuit of causes 
of colitis symptoms in adult horses. From there, the investi-
gation will turn to specific disorders of the equine neonate 
and the science that translates to actions that can be taken 
by practitioners in the field. 

Dr. Madigan is Distinguished Professor of Medicine and 
Epidemiology at the University of California, Davis, School 
of Veterinary Medicine as well as clinician in equine 
medicine and neonatal care in the William R. Pritchard 
Veterinary Teaching Hospital. He received his veterinary 
degree from UC Davis in 1975 and is a diplomate of the 
American College of Veterinary Internal Medicine and the 
American College of Animal Welfare.

In 1975, Dr. Madigan discovered Anaplasma phagocyto-
philia infection in Mendocino County, Calif., ultimately 
leading to a National Institute of Health grant with Johns 
Hopkins University School of Medicine that described 
infection in humans and the tick vectors. Madigan’s seminal 
work elucidating the life cycle and transmission of 
Neorickettsia risticii (Potomac Horse Fever) revealed the 
infection was caused by ingestion of aquatic insects and not 
vectored by ticks or other biting insects. 

His contributions to the body of knowledge in equine neo-
natology includes his most recent research that describes a 
“failure of transition of consciousness” as a cause for the 
Maladjusted or dummy foal, and he recently proposed a 
relationship to some human neonatal conditions. 

Dr. Madigan has published 160 peer-reviewed scientific 
publications and authored the 4th edition of the Manual of 
Equine Neonatal Medicine. He has received numerous 
awards, including the Pfizer Award for Research Excellence 
in 1996, AVMA Animal Welfare Award in 2006, Red Cross 
Hero Award in 2006, AAEP Distinguished Service Award in 
2006, Legend of Academic Medicine Award from Kansas 
State University in 2007 and UC Davis Alumni 
Achievement Award in 2008.

The convention lecture, sponsored by Platinum Performance, 
is named for AAEP past president and distinguished life 
member Frank J. Milne.

Dr. John Madigan to empower practitioners to decipher medical mysteries  
during 2014 Frank J. Milne Lecture

Dr. John Madigan

Social Media Practice Tip:  
Engaging clients using Twitter

Twitter is an excellent way to 
share information, photos and 
videos so we can engage with 
clients and followers on horse 
health tips, services we offer, 
upcoming events, disease 
outbreaks and even fun photos 

or links. We have found it to be an excellent tool to 
interact with our clients and enhance our 
relationships with them. Horse racing clients are very 
engaged on Twitter and they like commenting on our 
tweets or retweeting them to all of their followers. 
Also, we see a lot of foals and everyone likes to see 
photos or videos of newborn foals.

TwitterettTwitterTwi eettw riT i eettttTw riTwi  “ToTo“ToToT“ToTo““  Do”oD ”ooD ””ooD ”” FororForFoorF  You:uYoY uYoYoYY ::uYoY : The next time you find 
something interesting during a dentistry exam, 
tweet a photo of it and ask your followers what it 
is? Make sure to post your answer the next day. 
For example, cheek ulcers or a canine covered in 
tartar are educational. 

By Ernie Martinez, DVM



EQUINE VETERINARY EDUCATION / AE / APRIL 2014 V

AAEP amends Avenues Program, develops internship recommendations

The AAEP Avenues Internship/Externship Program, largely 
unaltered since its inception in the 1990s, is undergoing 
changes in 2014 to create a more meaningful experience for 
students and greater opportunities for Avenues practices to 
connect with future practitioners.

More than 200 fourth-year students accept internships 
through the Avenues program each year, with countless 
more future veterinarians receiving invaluable exposure to 
equine practice through externships.

Following a thorough task force review in 2013 to evaluate 
the program’s effectiveness, the AAEP board of directors 
recently approved the following recommended changes to 
the Avenues Program, beginning this year:

 
externship profile annually and submit an annual 
program participation fee of $50. 
Practices must remit an activity fee of $100 per intern 
position listed through the Avenues program each year. The 
monies generated by this fee will fund new educational and 
career opportunities for current veterinary students.  

notification date as part of their online Avenues profile. 
Previous attempts to create a uniform internship offer 
date have been unsuccessful; however, it is critical going 
forward that each practice publishes its application due 
date and notification date so that students will be fully 
informed when navigating internship opportunities.

To participate in the Avenues Program, all previous 
participants and new practices need to create a new  
Avenues Practice Profile. Log on to www.aaep.org and,  
from your AAEP dashboard, select “List an Avenues 
Internship/Externship.” 

In addition to the policy changes for Avenues Program 
participation, the task force developed a list of Avenues 
Internship Recommendations. These suggested standards 
for the conduct of a quality internship can be viewed online 
from your Avenues dashboard.

For more information about the Avenues Program,  
contact Elaine Young, student programs coordinator, at 
(859) 233-0147 or eyoung@aaep.org.

Maximize your lameness evaluation skills at summer Focus meeting

From eventers to cutting horses, racehorses to reining 
horses, lameness skills are essential to successful practice 
in any sporting discipline. In fact, horse owners have told 
us that lameness evaluation is the key area where equine 
veterinarians can do a better job.* 

Focus on the Sport Horse will improve your ability  
to diagnose challenging lameness cases efficiently and  
confidently – with or without an MRI – through gait 
analysis and new thinking on diagnostic techniques. 

Meeting topics include:

 
locomotor biomechanics 

block techniques to use 
 

an MRI

findings clinically

Presenters include:

Focus on the Sport Horse will be held July 20-22 at  
The Brown Hotel in Louisville, Ky. The early registration 
deadline is June 30. The early registration rate for  
AAEP members is $450.

Register at www.aaep.org/info/focus-sporthorse.

*AAEP Market Research, 2012

Focus on the Sport Horse is sponsored by:

Dr. Philippe Benoit
Dr. G. Kent Carter
Dr. Hilary Clayton

Dr. Carter Judy
Dr. Sarah Puchalski

July 20-22, 2014  Louisville, Kentucky

http://www.aaep.org
mailto:eyoung@aaep.org
http://www.aaep.org/info/focus-sporthorse
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AAEP student members and new practitioners are invited to 
submit case presentations to be featured as educational 
resources on the AAEP website. The authors of two selected 
presentations will receive complimentary registration and a 
$500 travel stipend to attend the 60th Annual Convention, 
Dec. 6-10, 2014, in Salt Lake City, Utah.

Presentations must be submitted in PowerPoint format. 
There is no limit to the number of case studies that may be 
submitted; however, a primary student or first-year graduate 
author must be identified for each submission. Submissions 
will be reviewed by members of the Educational Programs 
Committee and selected on the basis of quality and educa-
tional merit. Veterinary students and first-year graduates are 
encouraged to work with mentors in the preparation and 
review of their submissions.

Instructions for submission and a case study template can 
be requested from Carey Ross, scientific publications coor-
dinator, at cross@aaep.org. Examples of case presentations 
are available at www.aaep.org/info/case_studies. 

Submissions are due May 1, 2014, and should be sent to 
cross@aaep.org. Winners will be announced by September.

Do you know of a colleague or group whose contributions 
to the equine veterinary profession or well-being of horses 
deserve recognition? If so, honor their industry support 
with a nomination for an AAEP award.

The award nomination form is available at www.aaep.org/
custdocs/2014AwardNominationForm.pdf or by 
contacting Sue Stivers, executive assistant, at (859) 
233-0147 or sstivers@aaep.org. The form includes a 
description and nomination criteria for each award. 
Nominations for the AAEP Research Award must be 
received by May 15, 2014; nominations in other award 
categories are due by June 30, 2014.

Nominations are being accepted for the following awards:

The Lavin Cup (The Equine Welfare Award)
Distinguished Educator Award (Academic)
Distinguished Educator Award (Mentor)
Distinguished Service Award
George Stubbs Award
Sage Kester Beyond the Call Award
AAEP Research Award

Award winners will be determined by the AAEP 
Nominating Committee and will then be presented to the 
board of directors for their approval. For the AAEP 
Research Award, the Nominating Committee will form 

an ad hoc research subcommittee comprised of up to five 
AAEP members who are qualified to evaluate the 
research and its significance. The subcommittee will 
make a recommendation to the Nominating Committee 
to approve or not approve the award for that year. 

Award recipients will be honored at the AAEP’s  
60th Annual Convention in Salt Lake City, Utah,  
Dec. 6-10, 2014.

Dr. Harry Werner receives the Distinguished Service Award 
from 2013 AAEP President Dr. Ann Dwyer during the 59th 
Annual Convention in Nashville, Tenn.

Reward exemplary service with an AAEP Award
Nominations for AAEP Research Award due May 15; other categories June 30

Winning case study authors will receive travel stipends to 
attend the 60th Annual Convention in Salt Lake City, Utah.

Case studies from students and new grads due May 1
Winners to receive complimentary registration, travel stipend for Annual Convention
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Equine Welfare: Voice your opposition to H.R. 4098
Recently filed bill will not protect Tennessee Walking Horses from abuse

The AAEP, AVMA and many others have voiced collective 
opposition to legislation introduced Feb. 26 on Capitol Hill 
that is being promoted as an alternative to the Prevent All 
Soring Tactics (PAST) Act (H.R. 1518/S. 1406). 

The AAEP staunchly opposes H.R. 4098, the Horse 
Protection Amendments Act of 2013, because its 
implementation will not protect Tennessee Walking Horses, 
Spotted Saddle Horses and Racking Horses from the abusive 
practice of soring. Soring is the intentional infliction of pain 
in order to create the exaggerated gait known as the “big 
lick” in the show ring.

Unlike the PAST Act, H.R. 4098:

continues the existing prohibitions on the sale, auction, 
transport and exhibition of sored horses

performance packages, which are often used to intensify 
the painful effects of soring

model instead of giving the U.S. Department of 
Agriculture the authority it needs to license, train and 
oversee independent horse show inspectors

“The AAEP supports the passage of the Prevent All Soring 
Tactics Act (S. 1406/H.R. 1518) because it will strengthen 
the Horse Protection Act and significantly increase the effort 
to end the abuse of the Tennessee Walking Horse,” said 
AAEP President Dr. Jeff Blea. “All veterinarians and horse 
owners are urged to contact their legislators to voice support 

for the PAST 
Act legislation 
and oppose 
H.R. 4098.”

Contact 
information 
for all U.S. 
senators and 
congressmen 
can be found 
at www.usa.
gov/Contact/
Elected.shtml.

The PAST Act 
is supported 
by the AAEP, 
AVMA, every 
state veterinary 
medical 
association in 

the United States, and numerous other groups and 
individuals, including the American Horse Council. The bill 
also has overwhelming support in Congress, with 269 
cosponsors in the House and 51 in the Senate. 

For more information on the AAEP and AVMA’s efforts to 
stop this egregious abuse of horses, visit the AVMA’s Soring 
Resource Page at http://tinyurl.com/mbfkgua. 

Touch Point: When it comes to your clients, one size does not fit all

A client’s age,  
gender, number of 
horses owned and 
type of horses owned 
all should affect the 
way veterinarians 
approach relation-
ship and communi-
cation issues, 
according to AAEP 
market research.

The client who owns English sport horses values 
different things in veterinary service than the client with 
a single pleasure horse. The savvy and insightful veteri-
narian tailors his or her approach with each client 
based on the client’s individual needs and demographic 
profile. One size truly does not fit all.

Research with horse owners and trainers revealed the key 
areas where different types of clients think alike and 
where they have distinctly different expectations when it 
comes to veterinary care. Although the top priorities for 
relationship attributes and services are consistent across 
all demographic groups, paying attention to the subtle 
differences within each client type can yield the keys to 
customizing your approach in your practice.

The Touch program offers 13 different client profiles 
to help you better understand the individual needs of 
your clients. You can view all profiles at http://touch.
aaep.org/-i-13.html. Touch is exclusively available to 
AAEP members.

Performance packages help conceal items 
that apply pressure to the sole of the hoof. 
Pressure from these hidden items produces 
pain so that the horse lifts its feet faster 
and higher.
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DA
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Turning the page from an unusually harsh winter to the 
nascent tornado season and approaching hurricane 
season in the U.S. draws attention to the importance of 
natural disaster preparation by horse owners as well as 
the need for available funds from the AAEP Foundation 
to aid in disaster relief. 

Help your clients prepare for potentially disruptive and 
destructive weather with online and print materials 
from the AAEP. At www.aaep.org/info/guidelines-48, 
horse owners will find links to emergency, disaster and 
preparedness articles and resources to help maintain 
their horses’ safety and continuity of care in the event 
of a crisis.

In addition, the AAEP’s client education brochure 
Emergency Preparedness – Being Prepared During 
Times of Disaster: Important Tips for Horse Owners 
addresses pertinent topics such as risk assessment, 
action plans and what to do after a disaster. Sponsored 
by AAEP Educational Partner Bayer, the brochure is 
available in packages of 25 and can be ordered at  
www.aaep.org/-c-15.html or by contacting Kristin 
Walker at kwalker@aaep.org or (859) 233-0147.

When natural disasters affect the equine community, the 
AAEP Foundation is ready to assist when possible. The 
Foundation’s Equine Disaster Relief Fund accepts 
funding requests year-round to assist organizations 

responding to natural disasters, including those involved 
with developing and implementing equine disaster pre-
paredness programs and efforts. The application for 

funding is accessible through 
the “Apply for Funding” link at 
www.aaepfoundation.org.

The Foundation also welcomes 
donations to its Equine Disaster 

Relief Fund to help accommodate the future needs of 
equine and veterinary communities impacted by natural 
disasters. To donate, visit www.aaepfoundation.org and 
designate your contribution to “disaster relief.”
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Horse in Louisiana flood waters.

Help your clients and the AAEP Foundation prepare for threat of natural disasters 

Six AAEP members with specific interests 
in the Thoroughbred racehorse are the 
newest spokespersons for the AAEP’s 
On Call program, the innovative media-
assistance program that provides timely 
health-care information about equine 
athletes during more than 30 nationally 
televised events annually.

Joining the program in 2014 are:

Dr. Luis Castro, Wellington, Fla. A partner in Teigland, 
Franklin and Brokken DVMs, Dr. Castro divides his 
practice between Palm Meadows Training Center 
in Boynton Beach, Fla., and Saratoga Racecourse in 
Saratoga Springs, N.Y.

Dr. Kevin Dunlavy, Louisville, Ky. Dr. Dunlavy is 
the managing partner and co-owner of Kentucky 
Equine Medical Associates, a five-veterinarian practice 
providing care for racehorses in Kentucky, Louisiana, 
Arkansas and Indiana.

Dr. Lisa Fortier, Ithaca, N.Y. Dr. Fortier is a professor 
of surgery and an equine surgeon at Cornell University, 
where her research program investigates the clinical 
application of stem cells and biologics for cartilage 
repair and tendonitis.

Dr. Keith Latson, Pasadena, Calif. Dr. Latson is in private 
surgical and performance equine practice, focusing on 
racehorses at Southern California racetracks.

Dr. Michael Major, Edmond, Okla. A partner at 
Oakridge Equine Hospital – a referral facility – Dr. Major 
predominately treats racehorses and has special interests 
in lameness, sports medicine and orthopedics.

Dr. John Peloso, Ocala, Fla. Dr. Peloso is a founding 
partner at the Equine Medical Center of Ocala and 
began his career at a Standardbred racetrack practice in 
Ontario, Canada.  

New veterinary spokespersons join AAEP On Call team
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Group purchasing has 
been a staple of human 
medicine for a quarter 
century but is a relatively 
new concept in veterinary 
medicine. However, it is 
gaining momentum as 
AAEP members realize 
significant cost savings 
that drop straight to their 
bottom line as a result of 
participation in The 
Veterinary Club, a free 
benefit of AAEP 
membership. 

Launched in 2009, The 
Veterinary Club consoli-
dates equine practitioners’ 
buying power in order to 
benefit from volume 
discounts. Its group 
purchasing partner, 
Amerinet, leverages  
$8 billion in annual member spend across human and 
equine health care to obtain lucrative discounts from a 
growing catalog of more than 220 contracted suppliers, 
from telecoms and couriers to office supply stores and 
diagnostic imaging equipment manufacturers. The 
Veterinary Club receives an administrative fee from 
suppliers and earmarks a portion of the fee to the AAEP.

Teigland Franklin & Brokken, DVMs, PA, a multi-state 
racetrack practice headquartered in Fort Lauderdale, 
Fla., joined The Veterinary Club in 2010 and has capi-
talized on discount contracts with Verizon, FedEx, 
Pitney Bowes, Office Depot and Novera World Pay. The 
practice had pre-existing discounts with several of these 
suppliers but, in each instance, the discount rate 
available through The Veterinary Club exceeded the 
practice’s pre-existing discount by as much as 120 
percent. The practice annually saves nearly $2,000 
through its Verizon contract alone and has enjoyed sub-
stantial savings in credit card processing fees since 
switching to Novera in 2011. 

“Now more than ever, with current economic pressures 
that we are facing, it is very important to find savings 
where you can,” said Dr. Scott Hay, president and 
managing partner of Teigland Franklin & Brokken. 
“The Veterinary Club has helped us do just that. We are 
constantly looking for new ways The Veterinary Club 
can help us save more.”

It’s not just group practices that are reaping considerable 
savings from participation in The Veterinary Club. Solo 
practitioners, including Dr. Jorge Colón of Lexington, 
Ky., are also seeing more black in their bottom lines.

Dr. Colón’s practice focuses on mare and foal care with 
an emphasis on auction sales. He enrolled in The 
Veterinary Club in 2011 to take advantage of discount 
contracts with Verizon and FedEx. He recently added 
the discount contract for Staples.

“You just need five or 10 minutes available to open the 
form, fill it out and either submit it online or fax it in and 
then you are signed up for savings,” said Dr. Colón. “It’s 
very easy, very simple; and in today’s day and age, 
anything you can save goes a long way.”

Between his three discount 
contracts, Dr. Colón 
expects his participation in 
The Veterinary Club to 
yield approximately 
$1,000 in cost savings in 
2014, or more than the 
combined total of his 
annual AAEP dues and 
Annual Convention regis-
tration. More importantly, 
the savings enhance his 
ability to administer the 
highest standard of care to 
his patients.

“Our clients have been 
hit hard, and their 
demand for professional 
services has gone down 
because of trying to cut 
costs,” he said. 
“Veterinarians are also 
facing increasing prices 
on pharmaceuticals and 

supplies necessary for practice. If you can save money it 
allows you to continue practicing the way that you want 
to practice – providing the best care possible without 
cutting corners. If I save $1,000, that’s $1,000 that I 
don’t need to go out and work, bill it and collect it.”

For more information about this membership benefit, 
contact Nick Altwies, AAEP’s membership services 
coordinator, at (859) 233-0147 or naltwies@aaep.org. 
To register to participate in The Veterinary Club, please 
visit www.theveterinaryclub.com. 
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The Veterinary Club helping to increase profitability of practices large and small 

Dr. Scott Hay

Dr. Jorge Colón

mailto:naltwies@aaep.org
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Luitpold Animal Health,  
the maker of Adequan®  
(polysulfated 
glycosaminoglycan),  
has proudly sponsored  
the American Association 
of Equine 
Practitioners as 
an Educational 
Partner since 
2008. Our long 
term support 
of the AAEP initiative is based on our shared interest 
in equine joint health. We applaud the involvement of 
the AAEP and of their member equine veterinarians in 
helping to ensure the proper diagnosis and treatment of equine joint disease.

In addition to the AAEP, Luitpold Animal Health supports the equine industry through a number of other 
contributions. Some of our other support initiatives include the Northeast Association of Equine Practitioners, 
the Texas Equine Veterinary Association, the Florida Association of Equine Practitioners, and the American 
Association of Equine Veterinary Technicians.  

This year, Adequan® i.m. is celebrating its 25th year as an FDA-approved equine pharmaceutical product.  
We are very grateful to equine practitioners for their support of Adequan®. We look forward to strengthening 
our relationship with veterinarians and partnering with them in new ways to help preserve and improve 
equine joint health in the future.

AAEP Educational Partner Profile:  Luitpold Animal Health

Apply for 2014 grant funding from the AAEP Foundation by May 1

Organizations that share the spirit of the AAEP Foundation’s 
mission to improve the welfare of the horse are encouraged 
to apply for funding for the 2014 grant cycle. Applications 
are due May 1 and will be 
reviewed by the AAEP 
Foundation Advisory Council 
during its summer meeting.

Application instructions, 
requirements and selection criteria are available through the 
“Apply for Funding” link on the Foundation’s website.

The Foundation accepts requests for funding when these 
requests help facilitate accomplishment of its mission. 
Priority is given to those requests that have the greatest 
impact on the welfare of multiple horses on a national or 
international scope.

The Foundation has disbursed more than $2.8 million since 
1994 in support of its mission, including $316,298 in 2013 
for 25 projects and programs ranging from equine research 
and education to Equitarian initiatives and youth 
development in the equine community.

To learn more, visit www.aaepfoundation.org or contact 
Jodie Bingham, Foundation development coordinator, at 
(859) 233-0147 or jbingham@aaep.org. 

Equine veterinary students at the University of Minnesota 
receive instruction in proper hoof care during an AAEP 
Foundation/American Farrier Association Veterinarian-
Farrier Short Course in February 2014.

From left: Joycalyn Wininger, Wiss Costanza,  
Darby Freeman, Kathy Mailloux, Caroline Hogan,  
Allyn Mann, Brenda Bolts, John Cashman, Doug Thomas, 
Dr. Victoria Maxwell and Jason Staples.

http://www.aaepfoundation.org
mailto:jbingham@aaep.org
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UHVRC delivers spring vaccines to 1,500 horses in need

Enchanted Haven Horse Rescue in Ridgely, Md., is among 
the more than 75 non-profit equine rescue and retirement 
facilities throughout the U.S. to receive complimentary 

vaccines for their herds 
this spring through the 
Unwanted Horse Veterinary 
Relief  
Campaign (UHVRC).

Supported by the AAEP 
and Merck Animal Health, 

the UHVRC delivered a total of 1,500 doses of core vaccines 
for the spring vaccination season. Since inception of the 
program in 2009, more than 15,000 horses have been 
helped through distribution of vaccines. 

Dr. William Riddle Jr., owner of Cecil Veterinary Clinic 
in Port Deposit, Md., facilitated Enchanted Haven Horse 
Rescue’s UHVRC application. Application completion must 
be coordinated between the 501(c)(3) facility and an AAEP-
member veterinarian.

The UHVRC application deadline for the fall vaccination 
season is Aug. 1. To learn more about the program, visit 
www.uhvrc.org.

Matthew is among the 20 rescues at Enchanted Haven 
Horse Rescue to receive core vaccinations through the 
UHVRC this spring. Matthew had been left in a field and 
handled minimally for years prior to being rescued in 2012 
and now is used for shows and as an occasional fill in for 
lessons and therapy needs.

Mt. Rainier Equine Veterinary Services in Enumclaw, Wash., 
is seeking an equine-exclusive ambulatory practitioner. 
Shifts include 24-hour coverage, 3 to 4 days per week 
(schedule is flexible/negotiable). Practice is outfitted with 
electronic records, digital radiology/ultrasound, video 
endoscopy, Class 4 laser, advanced dental/periodontal 
equipment and a full time assistant.

Applicant should be motivated with an interest in 
performance and pleasure horses and the desire to develop 

long-term relationships with the clients and patients. 
Commitment to a team atmosphere and educating clients 
are a must. Should be proficient in medicine, dentistry, 
lameness, reproduction, emergency/critical care and field 
surgery. Confident new graduate will be considered. 

Practice is located about midway between Seattle and 
Tacoma in the Cascade Foothills with many recreational 
opportunities nearby. Please submit resume and cover letter 
to julie@mtrainierequine.com

The AAEP welcomes new members and congratulates recent graduates

NEW MEMBERS:

John Bressett, DVM, Midway, AR

Joan Carrick, DVM, Scone, Australia

Gerardo J. Diaz, DVM, Miami, FL

Bruno Ros, BVSc, Casino, NSW, Australia

Mistumori Shikichi, DVM, Urakawa-gun Hokkaido, Japan

Kaylin Touche, DVM, Fort Worth, TX

Nancy Zimmerman, DVM, Vancouver, WA

RECENT GRADUATES:

Katrina Hartman, DVM, Pullman, WA

Deanna Jordan, DVM, Decatur, TX

Lindsay MacNeil, DVM, Mabou, NS, Canada

Alyssa Roberts, DVM, West Lafayette, IN

Jill Stevenson, DVM, St. Maries, ID

Cristen Thomas, DVM, Cushing, OK

Charlotte Marie Wellen, MS DVM, Corsicana, TX

Opportunity Knocks!
Western Washington equine practice seeks ambulatory practitioner

http://www.uhvrc.org
mailto:julie@mtrainierequine.com


July 20-22, 2014

Focus on the Sport Horse
Louisville, Kentucky

AAEP Meetings and Continuing Education
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For more information, contact the AAEP office at (859) 233-0147 or (800) 443-0177 or online at  www.aaep.org. 

Save time on client education with free PowerPoint presentations 

Simplify your preparation and enhance the 
effectiveness of your client education events by 
downloading free PowerPoint presentations as a 
benefit of your AAEP membership. 

The AAEP’s PowerPoint presentations feature the most 
current veterinary information on the following 19 topics, 
providing your clients with fundamental knowledge to 
help ensure the health of their horses:

These presentations may be downloaded from  
www.aaep.org/info/client-education. Contact  
Dana Kirkland, industry education and development 
coordinator, at (859) 233-0147 or dkirkland@aaep.org 
to request a CD-Rom.

Colic
Dental Care
Disaster Preparedness
Emergency Care
Equine Herpesvirus (EHV)
Foal Growth
Foaling Mare and 

Newborn
Hay Quality and Nutrition
Immunizations
Internal Parasites

Lameness Exams
Laminitis
Neurology
Overweight Horse
Poisonous Plants
The Expectant Mare
The Older Horse
Understanding Equine 

Strangles
Vesicular Stomatitis

Membership Benefits

September 11-13, 2014

Focus on the First Year of Life
Phoenix, Arizona

December 6-10, 2014

60th Annual Convention
Salt Lake City, Utah 

January 28-30, 2015

17th Annual Resort Symposium
Hapuna Beach Prince Hotel
Kohala Coast, Hawaii

AAEP Rounds a convenient forum to discuss specific veterinary topics

You don’t have to work through the challenges of equine 
veterinary practice alone. You can get answers and advice 
from your fellow AAEP 
members by joining the 
interactive discussion taking 
place year-round in any of 
16 AAEP Rounds.

Rounds are e-mail commu-
nities centered on a specific 
topic and are an ideal way to exchange ideas and share 
expertise with AAEP members around the world. You 
can subscribe to the following Rounds:

In addition, you may also join the AAEP’s General Discussion 
List, which is open to a wide variety of topics of interest to 
AAEP members. For more information or to join a Round, 
log into www.aaep.org and click the “My AAEP” button.

Business Education
Complementary & 

Alternative (Integrative) 
Medicine

Dentistry
English Sport Horse
Equitarian
Infectious Disease
New Practitioners

Parenting
Podiatry
Public Auction
Purchase Exam
Racing
Reproduction/Perinatology
Solo Practitioner
Student
Western Performance Horse

http://www.aaep.org
http://www.aaep.org/info/client-education
mailto:dkirkland@aaep.org
http://www.aaep.org


Have you heard? 

He May be 
Young At Heart, 

but His Gut 
is 20 Years Old

Promote the gut health of your older horse and fulfi ll his unique dietary needs at the same 
time with new EQ8™ Senior. EQ8™ is scientifi cally formulated and backed by independent 
university studies1, 2 to keep the digestive system healthy through a combination of:

   Live probiotics to protect the intestine 
from harmful bacteria 

   Cooked grains to minimize risk of sugar 
and starch reaching the large intestine 
producing harmful lactic acid

Nothing Equals EQ8™ Senior for Older Horses
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1 Longland, A.C., Barfoot, C. and P.A. Harris. 2011. The apparent digestibility of hay and three concentrate feeds by exercised ponies. Journal of Equine Veterinary Science 31: 230-356.
2 B.E. Harlow. 2012. Changes to the Equine Hindgut Microfl ora in Response to Antibiotic Challenge. Masters Thesis. University of Kentucky.  

   Prebiotics to promote the growth of good bacteria

   Guaranteed levels of antioxidants, such as vitamin E 
and selenium, and balanced sources of Omega-6 
and 3 fatty acids help reduce infl ammation, promote 
membrane integrity and support immune function

To Get a Free Equine Digestive Health Guide

and fi nd a dealer near you, visit
 www.BuckeyeNutrition.com/EQ8

HEALTHY FEED. HAPPY HORSE.

NEW

http://www.BuckeyeNutrition.com/EQ8
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We’ve got you covered. 
Give your patients the added advantage of Flu Avert® I.N.
        Just ONE dose required
         Proven safe and effective in numerous challenge studies
         Rapid onset of immunity

Give your patients superior protection against current  
circulating field strains of influenza infecting the U.S. horse 
population.1 Ask your Merck Animal Health or distributor  
representative about Flu Avert I.N.

Visit fluavert.com

We’re for the Horse™

1 UC Davis (Nicola Pusterla) & Merck Animal Health. Infectious Upper Respiratory  
   Surveillance Program. Ongoing Research 2008 – present. 

http://www.fluavert.com


Highlights of recent clinically relevant papers

Salmonella enterica detection methods
A. Ruple-Czerniak and colleagues at Colorado State
University, USA, have recently published their study comparing
2 sampling and culture systems for detection of Salmonella
enterica in a large animal hospital environment.

Environmental sampling is commonly practised in equine
hospitals in order to detect Salmonella enterica. There are
currently many methods for both sampling and culture, which
may explain why there is large variation between reported
prevalence of positive cultures in different outbreaks. This study
compared 2 reported methods for detection of environmental
contamination with S. enterica by comparing 100 pairs of
samples obtained from stalls known to have a positive S.
enterica faecal shedder. These stalls had undergone a
thorough disinfection using an established protocol prior to
collection of samples. The first method for collection involved
premoistened sponges, the second method used electrostatic
wipes; the enrichment and plating methods also varied for
each method. The detection rate for S. enterica was 14%
using the electrostatic wipe method, and 4% using the
premoistened sponges, with the serotype detected matching
the faecal serotype of the animal in all cases. There was
agreement for both methods in 88 pairs of samples. There was
a significant disagreement overall, with the electrostatic wipe
method being significantly more likely to detect S. enterica
than the premoistened sponge method. This study also
highlighted that despite thorough disinfection, S. enterica was
detected in 15% of stalls that had previously housed animals
known to be shedding this bacterium.

The authors concluded that an electrostatic wipe was
more sensitive for detection of environmental contamination
with S. enterica than a method using a premoistened sponge.

Mandibular swellings
P. Dixon and colleagues at the University of Edinburgh,
Scotland, have recently published their retrospective study
investigating swellings of the angle of the mandible.

Medical records at Edinburgh University Equine Hospital
were examined and 32 horses referred due to swellings of the
angle of the mandible were found. The aetiology of these
swellings was only identified in 13/32 (41%) cases. These
included fractures, traumatic localised periosteal/cortical
lesions, traumatic soft tissue lesions, neoplasia, and
inflammation of the adjacent salivary gland and masseter
muscle. The remaining 19 (59%) cases without a definitive
diagnosis showed 2 patterns of lesions. Twelve cases had
localised periosteal/cortical lesions of the ventral aspect of the
angle of mandible that were probably traumatic in origin. The
remaining 7 undiagnosed cases without mandibular bony
changes all had sinus tracts/chronic soft tissue infections on
the medial aspect of the angle of the mandible which were
thought to be caused by a draining retropharyngeal lesion in
5 cases. These were successfully treated with surgical excision
of abnormal soft tissues (if present) and bone curettage.

The authors concluded that the aetiology of swellings of
the angle of the equine mandible is often uncertain; most
appear to be traumatic in origin, but gross fractures at this site
rarely occur due to the support of the dense surrounding
musculo-tendinous structures. A smaller proportion are caused

by draining retropharyngeal lesions that respond poorly to
medical therapy, but respond well to surgical treatment.

Geriatric horses
Adriana Silva and Martin Furr from Virginia Tech, USA, have
recently published the findings of their retrospective
case-control study comparing clinical, clinical pathology, and
outcome variables between geriatric and nongeriatric horses.

Data including horse description, diagnosis, outcome, and
complete blood count and serum biochemical analysis results
were obtained from the medical records of 690 horses (cases:
345 horses aged ≥20 years and controls: 345 horses aged
between 1 and <20 years). Mean ± s.d. age was 23.9 ± 4.6
years for cases and 9.2 ± 3.6 years for controls. Arabian and
pony breeds were significantly overrepresented in the geriatric
group (cases), compared with the control group. Diagnoses
related to the digestive system, musculoskeletal system, and
respiratory system were most common in the population
overall (cases and controls), with colic being the most
common health problem overall. Digestive system disorders
were more prevalent among cases. Short-term survival rates
for most categories of colic were similar for both groups, with
the exception of idiopathic colic. Considering all conditions,
cases were more likely than controls to be nonsurvivors.
Geriatric horses with colic were not more commonly subjected
to euthanasia than were adult nongeriatric horses.

Results indicated that in this population of horses in a
referral hospital, age was associated with the prevalence of
specific disease conditions. Few differences between cases
and controls were found in serum biochemical values.

Impaction of the cranial aspect of the base of
the caecum
This study by Ceri Sherlock and Randall Eggleston, performed
at the University of Georgia, USA, aimed to determine the
clinical signs, treatment and prognosis for horses with
impaction of the cranial aspect of the base of the caecum
(caecal cupula).

Horses that underwent exploratory celiotomy were
identified from medical records. Seven horses with caecal
cupula impaction without other abdominal problems to which
colic could be attributed were selected for inclusion in the
study. Data including history, clinical and surgical findings,
diagnostic testing, treatments and complications after surgery
were recorded. Rate of survival to discharge from the hospital
was determined and long-term follow-up information was
obtained. At initial evaluation horses were systemically stable.
Clinical signs varied, with most horses having mild signs of colic
and nondiagnostic rectal examination findings. Typhlotomies
were performed and impactions were resolved by means of
lavage and evacuation. All horses survived to discharge from
the hospital and lived ≥2 years following surgery.

Results of this study suggested caecal cupula impaction is
an uncommon type of impaction which does not involve the
caecal body or apex, and hypertrophy of the caecal wall is
not grossly detected. Impactions can be successfully treated
with typhlotomy, lavage and evacuation. Horses had a good
prognosis after surgical treatment in this case series.

169
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Use of prophylactic digital cryotherapy in horses
with colitis
Prophylactic digital cryotherapy is often used in horses with
clinical signs of colitis as it is believed to reduce the risk of
development of sepsis-associated laminitis. This retrospective
study by A. Kullman and colleagues in the USA used logistic
regression to assess if horses that received prophylactic digital
cryotherapy (submerging the feet in ice-filled bags for a
minimum of 48 h) were at reduced risk of this complication.

One hundred and thirty horses from 2 centres met the
inclusion criteria, which included a diagnosis of colitis, clinical
evidence of systemic inflammatory response syndrome, being
of a standard size, and consistent application of ice to the feet
or no application of ice. Twenty-seven of the 130 horses
developed laminitis, with 7 of these having received
prophylactic digital cryotherapy (69 total: 10%), while 20 had
not (61 total: 33%). Eighty-nine cases were tested for Potomac
Horse Fever, of which 56% were positive. This factor was not
included in the model as not all horses were tested, although
it was recognised as an increased risk factor for the
development of laminitis. Sixteen horses (12%) were subjected
to euthanasia whilst hospitalised, 14 of these had been
diagnosed with laminitis, 2 had not. The survival rate was 48%
for horses which developed laminitis, compared with 98% for
those that did not.

In this study, prophylactic digital cryotherapy reduced the
risk of development of laminitis in horses with gastrointestinal
disease and evidence of sepsis.

Standing laparoscopic inguinal hernioplasty
In this study, Fabrice Rossignol and colleagues in France and
Germany describe a technique for standing inguinal
hernioplasty in horses using cyanoacrylate glue to seal the
edges of the vaginal ring.

Ten stallions with a history of strangulated inguinal hernia
were included in this case series. Hernioplasty was performed
in standing horses using 4 laparoscopic portals. The
mesorchium was retracted caudomedially using Babcock
forceps. A flexible polyethylene extension tube was
introduced through the sheath of a laparoscopic needle and
n-butyl-2-cyanoacrylate was injected into the inguinal canal
including its margins while a second Babcock forceps
prevented deep ventral diffusion of the cyanoacrylate. The
craniolateral parts of the vaginal ring were compressed until
full adhesion between the visceral and parietal walls was
achieved. In 2 horses, the lateral part of the vaginal ring was
sutured before gluing. A contralateral approach was used to
check the caudomedial part of the vaginal ring.

No recurrence of inguinal hernia was reported one to 4
years after surgery. No major complications occurred and
cosmetic outcome was excellent. All horses continued to be
used for their intended purpose and 7 horses being used as
breeding stallions remained fertile. From these results, the

authors concluded that standing inguinal hernioplasty using
cyanoacrylate provides efficient and secure closure of the
vaginal ring in stallions.

Distal border fragments of the navicular bone
Elizabeth Yorke and colleagues in the USA have published this
retrospective study describing the location, size and frequency
of distal border fragments of the navicular bone in horses
presented for magnetic resonance imaging (MRI) of the foot,
also comparing MRI findings with severity of lameness.

Archived MRI studies and medical records were searched
and horses were included if a distal border fragment of the
navicular bone was visible in MRI scans. A total of 453 horses
(874 limbs) were included. Fragments were identified in 60
horses (13.25%) and 90 limbs (10.3%); 50% of the horses had
unilateral fragments and 50% had bilateral fragments.
Fragments were located at the lateral (62.2%), medial (8.89%),
or medial and lateral (28.9%) angles of the distal border of the
navicular bone.

The authors found no increased probability of being
categorised as lame if a fragment was present and no
significant difference in fragment volume across lameness
severity categorisations. Confidence intervals indicated a
slightly increased probability of being classified as lame if both
medial and lateral fragments were present. Findings indicated
that distal border fragments of the navicular bone in equine
MRI studies are unlikely to be related to existing lameness.

S. WRIGHT
EVE Editorial Office
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Case Report

Fixation of chronic suture exostosis in a mature horse
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Summary
This case report describes the clinical findings, diagnosis and
treatment of a 14-year-old Warmblood gelding with suture
exostosis. The horse was referred to our clinic because of
bilateral swelling in the region of the frontal and nasal bone
junction and bilateral epiphora. Epiphora was the main
concern for the owner and the reason for further investigation
and treatment. Radiographic examination showed extensive
bone proliferation on the dorsal frontal and nasal bones.
Computed tomographic (CT) images further characterised the
periosteal proliferation as new bone formation and localised it
along the frontonasal and frontolacrimal suture lines.
Computed tomographic images also showed pathological
changes of both lacrimal ducts. A chronic fracture was
suspected to be the cause of the periosteal proliferation, and
surgical treatment using 2 small 2.4 Unilock plates was chosen
to stabilise the suture between the frontal and nasal bones. The
swelling decreased and the epiphora resolved by 6 months
post operatively. A CT examination 2 years later showed
complete healing.

Introduction
Periostitis of the nasofrontal suture, also called suture periostitis
or nasofrontal suture exostosis (Manso-Diaz and Taeymans
2012) is a rare condition in horses that leads to bony swelling of
the frontal region of the head, usually at the level of the rostral
aspect of the orbits (Butler et al. 2009). Rarely are the
nasolacrimal and lacrimomaxillary sutures involved (Tremaine
and Dixon 2001, 2002; Carslake 2009). There are few reports of
suture periostitis in horses (Dixon 1991; Tremaine and Freeman
2006). The most consistent clinical sign is bilateral, firm,
nonpainful swellings rostral to the eyes. Persistent epiphora
may occur in some cases when a nasolacrimal duct is
occluded (Dixon 1991; Tremaine and Freeman 2006; Carslake
2009; Manso-Diaz and Taeymans 2012). The most common
radiographic finding is a proliferative periosteal reaction along
the suture line. The pattern and extent of the proliferative
lesions are highly variable and range from small smooth
mounds to irregular, almost nodular projections. In most cases,
a radiolucent defect is observed in the region of the suture
between the frontal and nasal bones. The degree of soft tissue
swelling varies among cases (Gibbs and Lane 1987).

Sinoscopy through a conchofrontal sinus portal provides a
further diagnostic tool and enables excellent observation of
the frontal and caudal maxillary sinus (Perkins et al. 2009).
Remodelling and regression of nasofrontal suture exostoses
usually occur over a period of time without treatment (Dixon
1991; Tremaine and Dixon 2001). However, in cases with
continued instability, there may be progressive increase in the
size of the swelling (Dixon 1991; Tremaine and Dixon 2002). In

one study, surgical removal of the suture exostosis resulted in
resolution of the clinical signs (Manso-Diaz and Taeymans
2012).

The present case report describes the clinical,
radiographic, endoscopic, computed tomographic (CT),
surgical and histological findings in a mature horse with
bilateral suture exostosis between the nasal, frontal and
lacrimal bones. A chronic fracture was suspected to be the
cause of the exostosis and surgical treatment with plate
osteosynthesis was therefore elected.

Case details

History
A 14-year-old Warmblood gelding was referred to our clinic
because of facial swelling between the eyes, which appeared
to cause discomfort to the patient. Furthermore, the horse
suffered from progressive epiphora, which was a serious
problem for the horse and the owner. The swelling was first
noticed 6–8 weeks before referral and had progressively
increased in size (Fig 1).

Clinical findings and further investigation
The only abnormalities detected on clinical examination were
severe bilateral epiphora and a firm, nonpainful swelling
between the eyes in the area of the suture lines of the frontal
and nasal bones. Endoscopy revealed a small amount
of mucus in the region of the ethmoid bone, but the
nasomaxillary aperture was free of exudate. A lateral, a
dorsoventral and a left ventral-right dorsal oblique and right
ventral-left dorsal oblique view of the skull, centred on the
region of interest, showed well-defined, mildly irregular,
periosteal and endosteal bone proliferation, which extended
for approximately 5 cm on the frontal and nasal bones. A small
accumulation of fluid was seen in the conchofrontal sinus. Two
well-defined, round structures of homogenous bone density
were seen near the root of 210 (Fig 2). Computed tomography
using a 40-slice helical CT scanner (Somatom Sensation Open)
and bone and soft tissue algorithm reconstruction (slice
thickness 1.5 mm) was done the following day with the horse
under general anaesthesia. An indwelling catheter was
placed in a jugular vein and the horse was premedicated with
1 mg/kg bwt of cefquinom (Cobactan 45 mg/ml solution for
injection)1 administered i.v. and 1.1 mg/kg bwt of flunixin
meglumine (Fluniximin 50 mg/ml solution for injection)2

administered i.v. The horse was sedated with acepromazine
(0.03 mg/kg bwt i.m. [Prequillan 10 mg/ml solution for
injection]3) and medetomidine (0.007 mg/kg bwt i.v. [Dorbene
1 mg/ml solution for injection]2) and anaesthesia was induced
with ketamine (2.2 mg/kg bwt i.v. [Narketan 100 mg/ml
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solution for injection]4) and diazepam (0.2 mg/kg bwt i.v.
[Valium 5 mg/ml solution for injection]5). An orotracheal tube
was placed and anaesthesia was maintained with isoflurane.
The CT images showed irregular new periosteal reaction and
proliferation that had a cloudy appearance and extended
along the suture between the frontal and nasal bones as well
as the suture between the frontal and lacrimal bones. The new
bone formation was bilaterally symmetric and extended to the
orbits. The surface of the nasal, frontal and lacrimal bones in
the affected region had multifocal areas of thinning. The
periosteal reaction was covered by normal soft tissue. The right
lacrimal canal was irregular in cross-section and had areas
with a thickened bony wall and bone proliferation. It was
similar in appearance to the periosteal reaction on the
forehead and had an irregular contour (Fig 3). The left lacrimal
canal was only focally involved and for a lesser degree than

the right, with a mild irregular thickening of its dorsal and
caudal wall. Additional CT findings included labial slab
fracture of the clinical crown of 210, secondary mild maxillary
sinusitis and the 2 small round (up to 6 mm in diameter)
structures dorsal to 210, which were also seen on radiographs
as homogenous bone densities and thought to be
cementomas.

Based on all the findings, suture exostosis with severe
callous reaction between the nasal and frontal bones as well
as the frontal and lacrimal bones with involvement of both
lacrimal ducts was diagnosed. A conservative treatment was
first suggested; however, the owner wanted to subject the
horse to euthanasia because of the epiphora. For this reason,
surgical stabilisation of the suture region was chosen. Since the
suture exostosis seemed active and unstable and resembled in
the CT a picture of a chronic fracture, plate fixation was
chosen in order to resolve the swelling and the epiphora in a
shorter period of time.

Treatment
Immediately after CT examination, the anaesthetised horse
was placed in right lateral recumbency on the operating
table. The surgical area was clipped and prepared for aseptic
surgery. Two 10 cm paramedian, rostrocaudal incisions were
made approximately 3 cm from the median. The periosteum
was elevated and the callus around the suture between the
frontal and nasal bones was removed revealing a distinct
2 mm gap between the bones. Biopsy samples of the bone
and callus were collected. An 11-hole 2.4 Unilock plate6 was
placed on each side and fixed with 3 mm locking screws
(Fig 4). Four screws were placed proximal and 4 distal to the
suture on each side. The wound was rinsed with NaCl solution
and the incision closed in 2 layers. Since the horse had never
shown any episodes of nasal discharge, the sinus was not
explored. Recovery from anaesthesia was uneventful.
Cefquinom (1 mg/kg bwt of [Cobactan 45 mg/ml solution for
injection]1) was administered i.v. b.i.d. for 3 days and
phenylbutazone (2.2 mg/kg bwt [Butasan 320 mg/ml solution
for oral application]4) was administered orally once daily for
one week. One day post operatively, the incisions appeared
dry and painless and the gelding was in good general
condition. The horse was discharged from the clinic 3 days
after surgery.

Histological examination
A biopsy sample of the proliferative lesion and one core biopsy
sample of bone were fixed in 4% buffered formalin for 24 h
followed by demineralisation in 5% nitric acid for 24 h. The
samples were embedded in paraffin, and 4 μm sections were
cut and stained with haematoxylin and eosin for histological
examination. The core bone biopsy sample consisted of
mature lamellar bone with replacement of the fatty bone
marrow by fibrous tissue and a focal area of highly
differentiated cartilage. The proliferative lesion comprised
woven bone (Fig 5) and highly differentiated cartilage, which
were embedded in abundant fibrous tissue. No inflammatory
infiltrates were seen. The histological changes were interpreted
as callus formation.

Follow-up
After discharge from the clinic, the horse was confined to a
box stall for 4 weeks. Exercise after this time was restricted to

Fig 1: Bilateral, nonpainful, firm swelling rostral to the eyes at initial
examination.

Fig 2: Laterolateral radiographic view of the head showing
periosteal reaction in the area of the frontal bone.
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hand walking for 4 weeks and then walking and trotting for
another 4 weeks. Epiphora diminished after surgery and was
completely resolved 6 months later. The horse returned to
normal use and the owner was satisfied with the outcome.
Laterolateral and oblique radiographic views were taken 2, 4,
6 and 12 months after surgery (Fig 6) and showed no further
bone proliferation. There was no radiographic evidence of
periosteal reaction or callus 6 months post operatively and the
connection between implant and bone appeared stable.
Another CT examination was performed 2 years later because
of recurrent right maxillary sinusitis and showed complete
healing; the implants were stable and there was a complete

remodelling of the involved bony structures. The right lacrimal
duct appeared normal in cross-section (Fig 7). During surgical
removal of a cyst in the right maxillary sinus the implants were
also removed. The plates were partly covered by a callus and
the chronic fracture was completely healed.

Discussion
The skull is a complex structure: at birth several bones are not
fully formed and are bound by thin connective tissue fibres

a) b)

Fig 3: a) Transverse computed tomography image at the level of the second molars; bone window; left side to the right of the image. Bone
proliferation (arrows) with involvement and focal loss of definition of the right lacrimal duct (arrowhead). b) Three-dimensional
reconstruction computed tomography image of the head showing the exact location of new bone proliferation along the suture lines
between the frontal and nasal bones and the frontal and lacrimal bones (arrows). An arterial catheter (C) is visible.

Fig 4: Intraoperative view showing two inserted 2.4 Unilock plates
fixed with four locking screws on each side. There were no screws
placed directly over the suture lines.

A

A

A

B

50 μm

C

C

Fig 5: Histological section of the proliferative lesion, which consists
of trabeculae of woven bone (A) with no regular orientation of
collagen fibres. The trabeculae are lined by osteoblasts (B) and
there is a large amount of fibrous tissue between the woven bone
(C). Haematoxylin and eosin, 20×.
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called sutures (Nickel et al. 1992). In contrast to the growth
plates of long bones, in which hypertrophied cartilage is
ossified by osteoblasts to form new bone, the sutures of the
skull are secondary adaptative regions where bone
remodelling takes place without a cartilaginous interface
(Opperman 2000). Sites of bone growth in the skull are
stimulated by external signals such as the expanding brain
(Opperman 2000). In man, the sutures permit some
displacement of the bones during birth, and close in the first 3
years of life (Nickel et al. 1992). In horses, the sutures fuse in the
first months of life and become obliterated between 3 months
and 5 years (Butler et al. 2009). The nasofrontal suture is open
at birth, becomes less evident over the first 6 months of life and
is usually obliterated by age one year (Butler et al. 2009).
Suture exostosis has been described in Thoroughbreds and
other equids (Dixon 1991; Tremaine and Dixon 2002). To date,
there have been only a few reports of this disease (Dixon 1991;
Tremaine and Dixon 2001; Manso-Diaz and Taeymans 2012)
and possible causes have not been determined. Some
periosteal proliferations develop very quickly and it was
therefore suggested that trauma or previous surgical
sinusotomy was a direct cause (Dixon 1991; Tremaine and
Freeman 2006). However, suture exostosis is usually bilateral
and symmetric (Tremaine and Dixon 2002) and trauma is not
part of the history of reported cases. There was no history of
trauma in our case and no clinical signs of previous injury. The

horse was kept in a box stall and had an individual paddock,
which ruled out a kick injury from another horse.

However, the irregular periosteal proliferation in the suture
regions and the irregular surface of the nasal, frontal and
lacrimal bones seen on CT images were indications of
instability possibly caused by movement of the suture region
due to a chronic fracture. This assumption was confirmed by
the presence of a gap between the nasal and frontal bones
and the massive callus formation observed intraoperatively.

Suture exostoses often regress spontaneously and since in
most cases the only problem is a cosmetic one, no surgical
attempt is usually performed (Dixon 1991; Tremaine and Dixon
2001; Carslake 2009). However, secondary epiphora can be a
problem as in the case presented here: hence a stabilisation
was attempted.

Unilock plates are reconstruction plates used in human
surgery for mandibular fractures. They were considered
suitable for our patient because they are locking plates with
increased stability and allow the use of short 2.4 mm and 3 mm
locking as well as 2.4 mm cortex screws. The outcome of
surgery was considered successful because the epiphora and
callus formation resolved within 6 months post operatively. This
was confirmed 2 years later on CT images taken because of
an unrelated problem.

The material collected during surgery consisted of fibrous
tissue and cartilage, which was interpreted as callus formation.
No inflammatory cells were seen. These findings are in
agreement with those of a previous report on suture exostosis
(Manso-Diaz and Taeymans 2012) and could also be indicative
of a chronic fracture. However, possible causes for a chronic
fracture remain speculative.

Nasofrontal sutures were found to have higher levels of
compressive strain than other sutures in 6-month-old miniature
pigs (Rafferty and Herring 1999). Strain on the sutures was
caused by the forces associated with mastication, muscle
contraction, biting and possibly reaction loads at the jaw joints
(Rafferty and Herring 1999). Other authors have hypothesised
that a similar mechanism might be involved in the formation of
exostosis at the fibrous joint of cranial sutures (Carslake 2009),
and it is questionable if such instability could have resulted in a
chronic fracture in our patient.

Radiography is the most common method of diagnosing
suture exostosis. Typical findings include the presence of a
radiolucent suture line surrounded by increased opacity and
callus formation (Butler et al. 2009). The interpretation of
radiographic images can be difficult because of the complex
3-dimensional anatomy of the head and significant loss of
information because of superimposition of multiple skeletal
structures. In our case, the excellent resolution afforded by CT
allowed precise assessment of all the bony structures and
periosteal changes. Changes in both lacrimal ducts were seen
on CT images and, based on the clinical signs, partial or
complete obstruction was suspected. Because a contrast
study was not performed, the severity and location of a
possible obstruction could not be determined (Carslake 2009).

Conclusions
In our case, a definitive diagnosis of suture exostosis was
achieved using CT. This imaging modality also revealed mild
abnormalities of the lacrimal ducts, which were compatible
with partial or complete obstruction based on clinical signs. A
chronic fracture could not be ruled out and the horse was
treated surgically by stabilisation of the suture lines with 2

Fig 6: Laterolateral radiographic view of the head 12 months after
surgery: The implants are stable, the frontal bone has a smooth
surface and there are no lucent lines visible in the suture line. Focal
thickening of the frontal bone in the area of previous lesion is still
visible.
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Unilock plates. The periosteal reaction and epiphora resolved
within 6 months post operatively. Based on the results of
this case, it is the opinion of the authors that, should a horse
with suture exostosis suffer from epiphora and be refractory
to conservative treatment, a surgical fixation should be
considered. Further studies are needed to determine whether
chronic fracture of the suture region causes suture exostosis.
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a) b)

Fig 7: (a) Transverse computed tomography image at the level of the second molars two years after surgery; bone window; left side to the
right of the image. There is chronic sinusitis with bone sclerosis of the right rostral maxillary sinus. The right lacrimal duct (arrowhead)
appears normal. Implants (arrows) are stable and bone proliferations along the nasofrontal suture associated with the chronic fracture
have disappeared. (b) Three-dimensional reconstruction computed tomography image 2 years after surgery showing normal structure of
the suture. The implants (arrows) and the trepanation hole (arrowhead) are visible.
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Clinical Commentary

Shooting hard with antimicrobials: Is it really necessary?
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The surgical procedure described in this issue by Klein et al.
(2014) for the fixation of the nasofrontal suture exostosis can be
considered a clean surgical procedure with minimal risk of
infection. In this procedure, a small reconstruction plate was
fixated over the nasofrontal suture using a number of 3 mm
locking screws. The horse was administered cefquinome
prior to induction of anaesthesia for the computed
tomography imaging procedure and subsequently for 3 days
following the surgery as a perioperative prophylactic
antimicrobial treatment. However, use of this fourth generation
cephalosporin may be considered overkill for prophylactic
usage in the perioperative period, given the clean nature of
the procedure, the controlled surgical environment, the
otherwise healthy status of the animal and the broad spectrum
of activity of this antimicrobial compared to likely pathogens.

Typically, the fact that the horse did not develop a surgical
site infection would be taken as indication of ‘success’ of
the perioperative antimicrobial regimen, and prevention of
infection is a key aspect of prudent antimicrobial use through
lessening the need for therapeutic courses of antimicrobials.
However, in this era of antimicrobial resistance, it is important
to broaden our definition of success. While in the past, ‘no
development of infection’ was the ultimate indicator of
success, we should consider ‘no development of infection and
minimal risk of antimicrobial resistance emergence and
antimicrobial adverse effects’ to be the true desired goal.
Actually applying this is difficult because of the lack of
experimental and clinical information on the most appropriate
perioperative antimicrobial regimens, but an approach of ‘less
is more’ should be considered.

Recently, increasing complications associated with
perioperative antimicrobial use have been recognised and
become of major concern to our industry. Infection control
measures including the establishment of reasonable use
antimicrobial policies are therefore an integral part of our legal
and ethical accountability towards our patients and the
veterinary community and the public health (Morley et al. 2005;
Morley 2013). Although the extra benefit of antimicrobial
prophylaxis in reducing surgical site infections (SSIs) cannot
be disputed (Alexander 2009), complete elimination of SSIs is
not a practical goal, with or without antimicrobials, and
antimicrobials should not be used as the key component of the
infection control plan. Therefore the risks of using antimicrobials
should be weighed against its benefits and not every patient
undergoing surgery should be receiving prophylactic
antimicrobials. Certainly, prophylactic antimicrobials should
not be used to compensate for poor surgical technique or
facilities (Alexander 2009) and adherence to Halsted principles
of aseptic and atraumatic surgery remains the foundation for

prevention of SSIs. It is, however, sometimes argued that
infection risks must inherently be higher in horses (and the need
for antimicrobials greater) because of their environment and
recovery in a stall rather than a ‘clean’ hospital bed. Yet, the
relatively frequency of hospital-associated infections in human
patients and horses (an admittedly tenuous comparison) does
not clearly indicate that hospital beds are a safer environment
than barns and stalls.

It is therefore our opinion that every equine operating
facility should first aim at improving proper surgical techniques
and infection control measures within the surgical environment
before shooting large with antimicrobials.

If all precautions are taken, is there really a
benefit of antimicrobial prophylaxis in
all surgeries?
Perioperative antimicrobial prophylaxis is believed not to be
necessary in clean human surgeries where the reported
incidence of infection is lower than 5% (Esposito 1999) unless
the operation lasts for more than 3 h or the ASA score of the
patient is 3 or more (Toia et al. 2012). Clean surgeries are
considered those performed on an elective basis, that are
primarily closed, nontraumatic of origin, uninfected, with no
break in aseptic technique and where the respiratory,
alimentary and genitourinary tracts are not entered (Ahern
and Richardson 2012). A recent paper evaluating post
operative septic arthritis following elective arthroscopies
without perioperative antimicrobial administration reported
similar infection rates as are reported in populations operated
with antimicrobial prophylaxis (Borg and Carmalt 2013). These
data corroborate with previous studies where administration of
antimicrobials, or the lack of, was not associated with the
development of post arthroscopy septic complications (Olds
et al. 2006) and suggest that a similar approach to human
recommendations can be used in equine medicine. However,
even if a procedure is considered clean, antimicrobial
prophylaxis may be considered when implants are placed
and if the development of infection has ‘devastating’
consequences. In the described case report, implants were
placed and the surgery may even have been considered
clean-contaminated since the screws used to fix the plate are
likely to have entered the paranasal sinuses, an unsterile
cavity. However, catastrophic breakdown of the construct
should infection have occurred is extremely unlikely in this
particular case and if it did, removal of the implant together
with debridement and local treatment of the infected wound
would not have caused a life-threatening and incurable
situation to the horse. However, the low but real incidence of
antimicrobial associated complications could. In horses, the
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main concern is diarrhoea, a well-described problem and one
that can lead to significant morbidity and mortality. Horses
developing diarrhoea from antimicrobial use are 4.5 times less
likely to survive compared to horses with diarrhoea from other
causes (Cohen and Woods 1999). Antimicrobial-associated
diarrhoea was reported to have a 0.6% prevalence in
nonhospitalised horses treated for nongastrointestinal
conditions (Barr et al. 2013) but the prevalence in horses
undergoing elective surgery with antimicrobial prophylaxis is
much higher. In a report by Weese and Cruz (2009), 6.3% of
horses developed diarrhoea within 7 days of arthroscopic
surgery, although no gastrointestinal complications occurred
in any of the 444 horses operated without antimicrobial
prophylaxis by Borg and Carmalt (2013). The risk of diarrhoea is
reported to be low for cefquinome (approximately 1%)
(Widmer et al. 2009; Barr et al. 2013) compared to other
cephalosporins and other types of antimicrobials (McGorum
and Pirie 2010), lessening, but not eliminating, concerns about
unnecessary use. The less overt but perhaps more important
potential adverse effect of the use of cephalosporins is
the high incidence of resistance development. In a large
antimicrobial usage survey in a human orthopaedic
department, the increased use of cefuroxime over a 7 year
period was significantly correlated to an increased incidence
in enterococci in tissue cultures (Siesing et al. 2013). Similarly,
the administration of cefquinome to horses was responsible for
promoting shedding of resistant bacteria as horses otherwise
negative for CTX-M type E. coli at admission to the hospital
became positive within 3 days of treatment with cefquinome
(Damborg et al. 2012). This is probably due to the selective
pressure exerted by prophylactic therapy with cefquinome.
Further, the risk of developing and carrying resistant
bacteria was revealed to be higher in hospitalised than in
nonhospitalised horses (Johns et al. 2012) and the nosocomial
spread of resistant Escherichia coli even after ending
prophylactic administration of cefquinome in a hospital setting
has been demonstrated (Damborg et al. 2012). Only a limited
number of antimicrobials licensed for i.v. use are available for
horses. As indicated by the results of Damborg et al. (2012), the
hospital use of cefquinome appears to co-select for multidrug
resistant E. coli that can be resistant to all veterinary
antimicrobials currently licensed for use in horses. Cefquinome
should therefore be used with caution for antimicrobial
prophylaxis in equine hospitals and fourth generation
cephalosporins in general should only be used for therapeutic
cases with documented resistance (Hollis and Wilkins 2009;
Damborg et al. 2012).

What should then be used if deemed necessary?
Southwood (2006), Ahern and Richardson (2012) and Hollis
and Wilkins (2009) provide elaborate reviews on the use of
antimicrobials within surgical prophylaxis. When antimicrobials
are indicated, a ‘safe’, inexpensive and bactericidal
antimicrobial that covers most common contaminants of
particular surgical procedures should be used (Santschi 2006).
Safe is obviously a relative and ill-defined term, highlighting the
need for better data. Similarly, more surveillance data on SSI
rates, SSI pathogens and pathogen susceptibility trends for a
given patient population are required for optimal use of this
approach. The current golden rules for surgical antimicrobial
prophylaxis are firstly to use older types of antimicrobials, i.e.
those classified for primary use (Morley et al. 2005). The
combination of penicillin and gentamycin has shown to be

equally effective as cefquinome in prophylactic use (Widmer
et al. 2009). The appropriate administration of prophylactic
antimicrobials has been demonstrated and should aim at
obtaining peak antimicrobial concentrations in the tissues at
the initial time of cutting (Esposito 1999; Rosenberg et al. 2008).
Although the exact timing has recently been challenged
(Hawn et al. 2013), administration of antimicrobials 30–60 min
prior to the start of the procedure remains recommended
(Milstone et al. 2008; Hollis and Wilkins 2009; Neumayer 2013). In
order to maintain adequate levels of antimicrobials in the
tissues throughout the procedure, intraoperative redosing
should be provided if the surgery time exceeds 1–2 half-lives of
the used product (Ahern and Richardson 2012). Practically,
considering that the half-life for i.v. sodium benzyl penicillin is
about 50 min (Durr 1976; Love et al. 1983), the antimicrobial
should be redosed in surgeries exceeding 60 min if initially
administered 30 min before skin incision.

Surgical sites are understood to be sufficiently sealed for
microbial entry within 24 h after surgical closure (Southwood
2006). Administration of prophylactic antimicrobials beyond
this period does not seem to offer any benefit as is shown in
several studies, including reviews on clean-contaminated
(Suehiro et al. 2008), open fracture surgeries (Dunkel et al.
2013) and orbital fractures (Zix et al. 2013). Apart from
increasing risk of resistance, diarrhoea and cost, in horses
continued antimicrobial administration also means longer
duration of i.v. catheterisation, which is itself a risk for
thrombophlebitis.

Conclusion
The public health implications associated with the use of third
and fourth generation cephalosporins in food animals has
been demonstrated (EMEA 2009). Although meat production
is of low importance in the equine industry, zoonotic
transmission of resistant pathogens can become a major
concern to equine health care workers active in hospital
settings. Transmission of resistant bacteria to animal healthcare
workers is a reality (Weese et al. 2006; Anderson et al. 2008).
Further even if better compliance with perioperative
antimicrobial prophylaxis, i.e. timing, choice and duration, will
allow decrease in SSI rates (Prospero et al. 2011) drastic
decline may not be expected since many other factors do
interfere with the occurrence of SSI (Lee et al. 2013). The
implementation of antimicrobial stewardship (Vettese et al.
2013) and increased hygiene measures with a particular focus
on hand hygiene, however, has drastically decreased SSI rates
in human hospitals (Stone et al. 2012).

Therefore, together with reasonable antimicrobial policies
the general focus should lie in improving surgical skills and
hygiene standards in veterinary practices so we can adhere to
what Pasteur once stated: ‘Instead of forcing ourselves to try
and kill microbes in wounds, would it not just be better not to
introduce them?’ (Wangensteen 1975). Maybe then this entire
discussion about perioperative antimicrobial prophylaxis and
associated adverse effects would not even take place!
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Clinical Commentary

Help Doc: My horse turned into Frankenstein
D. Verwilghen
Department of Large Animal Sciences, Faculty of Health and Medicine, University of Copenhagen, Denmark.
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Lumps and bumps on the head
The morphogenesis of cranial and facial bones is a complex
and lengthy developmental process initiated during early
embryogenesis and completed during adulthood. During the
fetal period, the bones of the calvaria (top of the skull) and
face are formed from intramembranous ossification sites within
the mesenchyme covering the brain (Sisson et al. 1975). In the
facial area, these flat bones remain separated by connective
tissue that will later develop into immovable ‘joints’ called
sutures. At birth the dorsal cranium has a large membranous
opening named the fontanelle that will eventually close
around age 3–4 months and be fully obliterated by age 5
years. The other flat bones of the face are aligned and
separated by suture lines. Those bones will continue to grow in
order to accommodate the development of the maxillary
cheek teeth until age approximately 5 years. Most sutures of
the face remain open in that period of time and in young
animals (Fig 1) they take the appearance of irregular lines that
will eventually disappear by osseous fusion in aged animals
(Sisson et al. 1975). The exact timing for these processes is well
described in man since they are often used in paleontological
research, but we lack data in equids.

Loss of sutural growth sites causes inability to
accommodate the growth of the neurocranium, a condition
known as craniosynostosis in man and leading to cranial
dysmorphology. This condition is yet unreported in equine

medicine. However, the number of case reports on suture
exostosis – suture periositis – suture separation where swelling
of the suture lines occurs, as described in the article in this issue
by Klein et al. (2014) have increased in the past years.
Considering that the exact aetiopathogenesis of the condition
is unknown and subject to debate, a proper terminology for
the condition is difficult to provide. Any type of head trauma,
leading to instability of the cranial sutures and or suture
separation has the potential to lead to the development of
the condition. Whether the new bone formation results from
periostal bone reaction or originates from still active cellular
lines present in the edges of the yet unossified overlapping
bone fronts (Opperman 2000) remains to be elucidated. Pure
traumatic insult to the head, leading to facial bone fractures
and instability leads to callus formation in this region. Although
no trauma was reported, in the cases described by Klein et al.
(2014) and Manso-Diaz and Taeymans (2012), histological
findings were consistent with callus formation. Equally, surgical
insult created during sinusotomy by either bone flap or
trephination can result in a similar situation. Reviews on sinusitis,
nearly always mention the occurrence of suture exostosis in
the enumeration of surgical complications (Greet 1992;
Tremaine and Dixon 2001; Woodford and Lane 2006; Dixon
et al. 2012). In the cases where surgical or traumatic insult is
identified, it is expected that surgical stabilisation of the suture
line as done by Klein et al. (2014) will overcome the instability
and allow for faster and better healing of the suture/fracture
site. However, follow-up of affected cases following
sinusotomy have shown good resolution with a conservative
approach (Tremaine and Dixon 2001).

Still, the clinical expression of the condition is likely to group
different aetiopathogenic entities. Many horses with the
condition will be presented without history or signs of either
trauma or surgical sinusotomy. As previously stated by Dixon
(1991), the apparently high incidence of the condition in
Thoroughbred horses, together with the bilateral symmetry of
the swelling make the trauma theory in these cases less likely.
The growth of the cheek teeth and their relation with the
sinuses, the maxillary and facial bones are a very dynamic and
evolutive process in the horse. Masticatory forces within this
intertwined complex of teeth and bones play a role in the
development of facial structures (Hinton 1988). Compression
forces occurring across the nasofrontal and internasal suture
during mastication may predispose to a bone reaction in
the suture line (Rafferty and Herring 1999). Further, dental
malocclusions may induce excessive forces on suture lines
(Kasahara 2000) and horses presented with nasofrontal suture
periostitis without history and findings of trauma should
probably be assessed for presence of dental malocclusion
and or dental eruption issues. In these cases, surgical
stabilisation may not be needed and could potentially be
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Fig 1: Image of a skull of an immature horse. I. frontal bone; II. nasal
bone; III. lacrimal bone; IV. zygomatic bone; V. maxillary bone.
Green arrow: frontonasal suture; yellow arrow: nasolacrymal
suture; red arrow: lacrymal and zygomatico-maxillary suture; blue
arrow: zygomatico-lacrymal suture; black arrow: nasomaxillary
suture.
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contraindicated since blocking the growth of the facial bones
may further disrupt the complex balance of facial growth.

Despite their preference for long bones, in the horse
particularly the caudal aspect of the distal radius,
osteocartilaginous exostosis also known as osteochrondromas
can occur in short bones developing endochondral
ossification. A rare case of frontotemporospenoidal suture
osteochondroma has been described in a 34-year-old woman
(Becelli et al. 2004), but this pathology has in equids not yet
been described at the localisation of the head at the suture
lines. Histological investigation of more equine cases could
lead to clues in identifying if osteochondromas are a possible
cause for these suture exostosis in horses.

Horses affected with suture exostosis will gradually develop
a uni- or bilateral, firm, nonpainful swelling in the frontal region
of the head with the exact localisation of the swelling
dependent on the suture line or lines that are affected (Fig 2).
This swelling is generally self resolving and is likely to be only of
cosmetic importance unless secondary epiphora develops.
In the latter case the lacrymo-maxillary suture is involved
and creates obstruction of the lacrimal duct. Persistence of
the epiphora in these cases seems common (Carslake 2009)
and creation of a surgical communication between the
inferior conjunctival fornix and the caudal maxillary sinus
(conjunctivo-sinostomy) (Theoret et al. 1997) may be advised
after the exact site of obstruction has been identified. Other
proposed treatments in cases where signs of trauma cannot
be definitely recognised can be similar to those advised for the

early stages of rudimentary metacarpal bone exostosis
(splints). Local application together with systemic
administration of anti-inflammatory drugs may speed up
resolution.

As with any type of sinuso-facial disorder, if the
‘Frankenstein face’ does not stabilise or if it worsens during
conservative treatment, repeated investigation is key in
finding the potential underlying causes and designing the
most appropriate treatment for the case.
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Fig 2: Horse presented with a bilateral, nonpainful swelling of the
nasofrontal suture line.
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Case Report

Congenital hypothyroidism and dysmaturity syndrome in foals:
First reported cases in Europe
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Summary
Congenital hypothyroidism and dysmaturity syndrome (CHD)
in neonatal foals was first described in western Canada in 1981
and remains an important problem for the western Canadian
horse industry. This syndrome is characterised by hyperplasia
of the thyroid gland, increased gestational length and multiple
congenital musculoskeletal abnormalities. This case series
describes the first confirmed cases of CHD in Europe and
challenges contemporary opinion which suggests that
this syndrome is distinct from congenital hypothyroidism
associated with visible goitre.

Introduction
Congenital hypothyroidism and dysmaturity syndrome (CHD),
also referred to as a syndrome of hyperplasia of the thyroid
gland and musculoskeletal deformity, is a specific thyroid
disorder recognised in neonatal foals that is characterised by
thyroid gland hyperplasia, increased gestational length and
multiple congenital musculoskeletal abnormalities, including
mandibular prognathism (Breuhaus 2011). Suspected cases of
CHD have also been reported in aborted fetuses which
demonstrated characteristic musculoskeletal abnormalities
and histopathological evidence of thyroid hyperplasia on post
mortem examination (Allen 1995).

This syndrome was first described in western Canada in
1981, but sporadic cases have also been described in eastern
Canada and more recently in the USA (Doige and McLaughlin
1981; Kreplin and Allen 1991; Allen et al. 1994, 1996; Fretz 1994;
Allen 2001; Gawrylash 2004). The authors are unaware of any
previously reported cases of CHD in Europe.

Foals with CHD have been described to have multiple
congenital musculoskeletal abnormalities including flexural
limb deformities, rupture of the common digital extensor
tendons, incomplete closure of the abdominal wall,
incomplete ossification of the tarsal and carpal cuboidal
bones and mandibular prognathism. Gestation is prolonged,
but affected foals show signs of dysmaturity including a soft,
silky hair coat, domed forehead and floppy ears. Foals are
unusually weak at birth, hypothermic and not able to
stand up normally. Histologically, the thyroid gland epithelium
is hyperplastic and the follicles are small, with minimal
amounts of colloid. In contrast to other forms of congenital
hypothyroidism, visible goitre is an inconsistent finding, and
most affected foals have thyroid glands that are normal or
only slightly increased in size (Kreplin and Allen 1991). Thyroid
hormone levels (T4 and T3) from CHD-affected foals can be low
or normal, but the response to thyroid-stimulating hormone
(TSH) administration is invariably decreased (McLaughlin et al.
1986; Hines et al. 1997).

The aetiology of CHD is still under debate, but dietary
deficiencies, excess dietary nitrate, toxic substances, e.g.
fungal toxins, and infectious agents have all been suggested
(Allen et al. 1994, 1996; Boosinger et al. 1995; Gawrylash 2004).
Mares of affected foals appear to be unaffected (McLaughlin
and Doige 1981; McLaughlin et al. 1986), and there does not
appear to be a breed or sex predilection in foals affected with
CHD, so a genetic link is unlikely (Allen et al. 1994). Allen et al.
(1994) suspected an exposure-related cause, and in a later
case-controlled study, the same author identified several risk
factors for CHD in pregnant mares (Allen et al. 1996). Pregnant
mares that were fed immature cereal crops, did not receive
any supplemental minerals (especially diets low in iodine), left
their home farm during gestation, or grazed irrigated pasture
had 13.1, 5.6, 4.3 and 15.3 greater odds, respectively, of
producing a CHD-affected foal when compared with mares
that had not been exposed to these factors. Furthermore, the
odds of one or more CHD foals being born on a farm feeding
forage with at least a trace of nitrates was 8.0 times greater
than the odds of the disease occurring on a farm that fed
forage free of nitrates.

There is no effective treatment for CHD and the prognosis
for long-term survival and a future athletic performance is
grave. Most foals that are diagnosed with CHD die or are
subjected to euthanasia soon after birth. In the few cases that
have survived for longer, follow-up information indicates that
they tend to develop a variety of orthopaedic disorders and
rarely go on to have a normal athletic career (Fretz 1994).

This report describes the clinical and pathological
manifestations of CHD in 6 foals and represents the first
documented cases of this syndrome in Europe.

Case selection
Between 2010 and 2011, 6 foals were examined at the
University of Helsinki equine teaching hospital for clinical signs
consistent with CHD. Foals were considered to be affected by
the CHD syndrome if they demonstrated histopathological
evidence of thyroid hyperplasia and any 2 of the following
musculoskeletal anomalies: (1) any degree of mandibular
prognathism; (2) flexural deformities of the legs; (3) rupture
of one or both common digital extensor tendons; or
(4) incomplete ossification of the carpal or tarsal cuboidal
bones (Allen et al. 1996). Case details are presented in Table 1.

Case details

History
Five foals were Standardbreds and one foal was a Finnhorse.
Three foals were male and 3 were female. All foals were less
than one day old at the time of examination and had been
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delivered after a prolonged but otherwise normal period of
gestation (median gestation age 360; range 350–380 days).
One of the mares needed assistance during parturition due to
fetal malposition, but the other 5 parturitions were uneventful.
All the mares passed fetal membranes normally and the
membranes looked visibly normal. Five of the mares had
produced healthy foals previously and one was primiparous.
Three of the foals (Cases 1, 2 and 3) came from the same farm
(Farm 1) situated in south-western Finland where there had
been horse breeding for several years with no previous cases
reported. The mare of Case 1 was the only pregnant mare on

the premises in 2010 (prevalence 100%). The next year (2011),
when Cases 2 and 3 were born, there were altogether 3
pregnant mares (prevalence 67%). During gestation, mares of
the affected foals had been fed haylage ad libitum, oats, soy,
sea salt (iodine content 0.012 mg/kg) and a commercial
product of minerals, trace minerals and vitamins (Chevinal Plus
and Biomineral)1,2 added to the feed as per manufacturer’s
instructions. Two other foals (Cases 4 and 5) came from
different farms (Farms 2 and 3) situated in central western
Finland. On Farm 2, the dam of Case 4 was the only mare out
of 7 pregnant mares with an abnormal foal. The mare had

TABLE 1: Summary of the case history and clinicopathological signs in 6 congenital hypothyroidism and dysmaturity syndrome affected
foals. Additional information from an age matched control has been added for comparison

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Control

Case history
Breed Standardbred Standardbred Standardbred Standardbred Finnhorse Standardbred Standardbred
Gender Male Female Male Male Female Female Female
Age (days) <1 <1 <1 <1 <1 <1 6
Gestation (days) 350 380 351 361 365 354 335
Weight (kg) 62.0 42.5 46.0 38.5 44.0 39.5 52.0

Clinicopathological
signs:

Musculoskeletal
abnormalities:

Flexural
deformities of
the forelimbs or
hindlimbs

x x x x – x –

Rupture of
common digital
extensor tendon

x x x x x x –

Incomplete
ossification of
carpal and
tarsal cuboidal
bones

x x ND x ND x –

Incomplete
closure of the
abdominal wall

x – – – – – –

Mandibular
prognathism

– x x x x x –

Thyroid and pituitary
glands:

Hyperplastic
thyroid glands

x x x x x x –

Visibly enlarged
thyroid gland

x – x – – – –

Weight of thyroid
gland (g)

35.0 16.0 30.0 24.0 14.4 13.2 12.0

Size of thyroid
gland (length ×
width × height
cm)

Left 6.0 ×
3.5 × 2.5

Right 5.5 ×
3.0 × 2.0

Left 3.5 ×
2.7 × 1.3

Right 3.0 ×
3.0 × 1.3

Left 5.0 ×
3.0 × 2.0

Right 5.0 ×
2.5 × 2.0

Left 4.0 ×
2.5 × 1.4

Right 4.2 ×
2.8 × 1.2

Left 3.7 ×
2.1 × 1.1

Right 4.0 ×
2.6 × 1.5

Left 3.7 ×
1.9 × 1.6

Right 2.9 ×
2.0 × 1.3

Left 3.5 ×
2.0 × 1.0

Right 3.5 ×
2.0 × 1.0

Weight of pituitary
gland (g)

ND 2.0 4.0 4.4 4.0 4.8 1.0

Size of pituitary
gland (length ×
width × height
cm)

ND × 2.0 ×
2.0

2.1 × 1.7 ×
1.0

2.0 × 2.0 ×
1.0

2.5 × 2.5 ×
1.5

2.2 × 2.0 ×
1.2

2.1 × 1.8 ×
1.9

1.5 × 1.5 ×
0.8

Low thyroid
hormone levels

x x x x ND x ND

Other signs of CHD:
Dysmaturity x x x x ND x –
Hypothermia

(<37.5°C)
x x ND x ND – –

Weak and unable
to stand

x x x x x x x

Hyperplasia of the
adenohypophysis

x x x x x x –

x = present; – = absent; ND = not determined.
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been fed haylage ad libitum, oats and free choice of a
commercial product of minerals (Black Horse)3. On Farm 3, the
dam of Case 5 was the only pregnant mare and had been fed
dry hay and haylage, oats, concentrates (Krafft Protein)4 and
commercial minerals (Racing Mineral Plus)5 added to the feed
as per manufacturer’s instructions. The dams of Cases 4 and 5
had free access to a salt lick without addition of iodine. The
sixth foal (Case 6) was from southeastern Finland (Farm 4) and
the dam of this foal was the only pregnant mare on the
premises that year. The mare had been fed with hay or
haylage ad libitum, concentrates and a commercial product
of minerals (Racing Mineral)5 added to the feed as per
manufacturer’s instructions. In addition, this mare had access
to a salt lick containing iodine (50 mg/kg).

Estimation of total dietary iodine intake
Analyses of hay or haylage were not available from any of the
farms. Iodine content of a random haylage sample from
southern Finland (Mäntyharju) was analysed by inductive
coupled plasma with mass spectrometric detection (ICP-MS)6

and that number (0.31 mg/kg dry mass [DM]) was used for
further calculations. Furthermore, the amount of hay or
haylage (75% of DM) consumed per mare was not known and
was hence estimated to be approximately 10 kg/mare/day,
assuming that the total daily DM intake of a pregnant mare
would be about 1.8% of bodyweight, the mares would weigh
approximately 550 kg and consume on average 2.5 kg of
grain or concentrates/day (Lewis 1995). The rest of the total
dietary iodine intake was counted by using the average iodine
content of oats and soy in Finland and the ingredient list of the
commercial feeds provided by the manufacturers.

Clinical and radiographic signs
Case history and clinicopathological signs are presented in
Table 1. All the foals were normal sized; however, individual
body condition scores were not determined. The foals were
examined for one or more of the following clinical signs:
flexural deformities of the forelimbs or hindlimbs (5/6); rupture
of the common digital extensor tendon (6/6); incomplete
ossification of the carpal and tarsal cuboidal bones (4/4);
mandibular prognathism (5/6); goitre (visibly enlarged thyroid
gland) (2/6); incomplete closure of the abdominal wall (1/6);
weakness or inability to stand (6/6); dysmaturity (5/5); and
hypothermia (3/4). Case 1 was examined in the spring of 2010
because the foal was unable to stand and appeared weak
and dysmature. On presentation, the foal had multiple clinical
abnormalities (Table 1). The foal developed acute colic
several hours after admission and an emergency midline
celiotomy was performed to reduce and repair a Richter’s
hernia of the umbilicus. The foal remained stable after surgery
but was unable to stand and was not able to maintain his
body temperature without external heating. Radiographs of
the tarsal and carpal cuboidal bones were obtained and
incomplete ossification of the cuboidal bones was identified.
Cases 2 and 3 were from the same property as Case 1 and
were examined in the spring of 2011 for similar clinical signs. On
clinical examination, both foals had clinical signs consistent
with CHD, including flexural deformities of the forelimbs (Fig 1);
rupture of the common digital extensor tendons; and
mandibular prognathism. Cases 4 and 5 also had clinical signs
consistent with CHD. Case 4 was examined in July 2011 and
was subjected to euthanasia without further treatments. Case

5 had been treated on the property by the local veterinarian
with supportive bandages, but was eventually subjected to
euthanasia. Case 6 was examined at birth following an
assisted delivery and clinical signs consistent with CHD were
identified. The foal was weak unable, to stand, and
demonstrated signs of dysmaturity, including a short, soft coat,
pliable ears and tendon laxity. On radiography, incomplete
ossification of the cuboidal bones was identified (Fig 2). All 6
foals were subjected to euthanasia due to the grave prognosis
and were submitted for post mortem examination.

Thyroid hormone levels
Thyroid hormone levels of 5 foals were determined on serum
samples by using either enzyme immunoassay (T4) or
electrochemiluminescence immunoassay method (T3)7. None
of the foals was supplemented with thyroxin before sample

Fig 1: Severe forelimb flexural contracture deformities in a
congenital hypothyroidism and dysmaturity syndrome-affected
foal (Case 2).

Fig 2: Incomplete carpal ossification in a congenital
hypothyroidism and dysmaturity syndrome-affected foal (Case 6).
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collection. All foals had low thyroid hormone levels (Table 2).
Thyroid stimulation tests or determination of free T4 and T3 using
equilibrium dialysis was not performed.

Diagnosis
A clinical diagnosis of CHD was made in all 6 cases.

Post mortem examination
Necropsy was performed on all 6 foals. Samples from the
heart, lung, liver, spleen, kidneys, thyroid gland, pituitary gland
and adrenal glands were taken for histopathology. Samples
from histologically normal thyroid and pituitary glands
obtained from a 6-day-old, Standardbred filly that had been
subjected to euthanasia due to pneumonia were used
for comparison to demonstrate the normal histological
appearance of these organs.

Gross findings
At necropsy, the thyroid gland was firm and dark with
prominent capsular veins in all cases (Fig 3). An increase in the
size of the thyroid gland was visible in 2 cases (Cases 1 and 3),
the weight of the gland was slightly to moderately increased in
all cases. The weight of the thyroid gland varied from 0.33 to
0.56 g/kg bwt, the total weight from 13.2 to 35.0 g and the size
from 2.9 × 2.0 × 1.3 to 6.0 × 3.5 × 2.5 cm (length × width ×
height). The average weight of the Thoroughbred foals’ thyroid
gland born at term to 15 days old is 0.31 g/kg bwt and the total
average 16.2 g (Dimock et al. 1944). The weight of the thyroid
gland was considered to be increased if either the total or
relative weight exceeded the reference values. The weight of
the pituitary gland was also increased in all measured cases
(5/6). The weight ranged from 2.0 to 4.8 g and the size from 2.1
× 1.7 × 1.0 to 2.5 × 2.5 × 1.5 cm. To the authors’ knowledge,

documented measurements of the pituitary gland in normal
foals are lacking. The mean pituitary dimensions of mature
horses are 2.1 × 2.2 × 1.0 cm and weight is 2.6 g (McKlveen
et al. 2003). A lower weight of 1.47 g has been reported in
younger horses (age 16.7–17.3 months) (Kulinski et al. 2002). In
our cases the weight of the pituitary gland was considered to
be increased if it exceeded the value documented for young
horses (1.47 g). The precise size and weight of the thyroid and
pituitary glands of each case are presented in Table 1. The
common digital extensor tendons in all foals had unilateral or
bilateral complete or partial rupture (Fig 4). Mandibular
prognathism ranging from 0.8 to 1.5 cm was evident in 5/6
foals (Fig 5).

Other lesions included congestion of the lungs, kidneys,
liver and adrenal glands and atelectasis of variable severity in
the lungs.

Histological findings
Histological examination revealed marked hypertrophy and
hyperplasia of the follicular epithelium in the thyroid glands in
all 6 cases. Follicles of the thyroid glands were small, irregular in
size and shape, often with a small angular or indistinct lumen
containing little or no colloid. The follicular epithelium was
tightly packed and consisted of large (20–30 μm in diameter)
high cuboidal to columnar cells with abundant eosinophilic
cytoplasm and often marked cytoplasmic vacuolation. The
nucleus was round to oval with coarsely stippled chromatin
and variable position. In the stroma, numerous blood-filled
capillaries were present (Fig 6a). In contrast, the histological
appearance of the thyroid gland of a normal foal of the same
age shows variably sized, round to oval follicles with cuboidal
epithelium and filled with abundant deeply eosinophilic
colloid with numerous reabsorption vacuoles (Fig 6b).

TABLE 2: Thyroid hormone concentrations (T3 and T4) in 6 foals with congenital hypothyroidism and dysmaturity syndrome

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Normal values for neonatal

foals (n = 18) (Breuhaus 2011)

Total T3 nmol/l 4.3 9.3 3.4 5.4 ND 3.2 Range 3.4–10.8, mean 7.4
Total T4 nmol/l 100 155.6 167.3 67.2 ND 58.7 Range 238–337, mean 282

ND = not determined.

Fig 3: Diffuse enlargement of the thyroid gland with prominent
capsular veins in a congenital hypothyroidism and dysmaturity
syndrome-affected foal (Case 1).

Fig 4: Rupture of the common digital extensor tendon in Case 1. All
congenital hypothyroidism and dysmaturity syndrome-affected
foals had complete or partial, uni- or bilateral rupture of the
common digital extensor tendons.
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All 6 foals also showed marked hyperplasia and hypertrophy
of the adenohypophysis. Cords of the adenohypophysis were
enlarged, distorted and lined by large (30–45 μm in diameter)
pale round to oval cells with large round eccentric nuclei,
prominent nucleoli and abundant slightly granular, sometimes
vacuolated cytoplasm. Occasional individual or small clusters
of small (20 μm in diameter) chromophobic, basophilic, and
acidophilic cells were also seen (Fig 7a). The adenohypophysis
of a normal pituitary gland contains numerous small acidophilic
cells, and fewer basophilic and chromophobic cells (Fig 7b).

Immunohistochemistry
Immunohistochemical staining with the TSH-specific antibody
revealed abundant and strong positive cytoplasmic reaction
in most cells within the adenohypophysis of all foals (Fig 8a).
Most positive cells had increased cell size suggesting that the
numerous chromophobic cells seen in the haematoxylin and
eosin sections were markedly hyperplastic and hypertrophic
thyrotropic cells. The numbers of TSH-positive cells were
markedly increased in the CHD foals as compared to the
control foal, which had only scattered positive cells in the
rostral and dorsal parts of the adenohypophysis (Fig 8b). No
positive reaction was seen in the negative control tissue
sections.

Discussion
The foals presented in this report fulfil the clinical and
histopathological criteria for CHD classification as stipulated
by Allen et al. (1996) in the original description of this syndrome
in western Canada and represent the first reported cases of
this syndrome in Europe.

In the literature, 2 distinct thyroid disorders are recognised
in neonatal foals: 1) congenital hypothyroidism with visible
goitre; and 2) CHD (Breuhaus 2011). The differences between
these 2 syndromes are somewhat vague, however, and in fact
there are currently very few convincing data to suggest that
they are indeed separate disease entities. Both diseases cause
a hypometabolic state, and, in the authors’ opinion, the 2
syndromes may well be manifestations of the same underlying
pathophysiological process.

Congenital hypothyroidism with visible goitre is caused by
mares ingesting either too much or too little iodine or mares

that have ingested goitrogenic plants (Baker and Lindsey
1968; Drew et al. 1975; Irvine 1984; Osame and Ichijo 1994;
Durham 1995). Clinical signs in these foals can be mild, with the
foal exhibiting little more than the goitre, or they may be
severe, with foals being born weak and hypothermic, with
multiple musculoskeletal abnormalities, including flexural
deformities, rupture of the common digital extensor tendons,
and incomplete ossification of the tarsal and carpal cuboidal
bones (Baker and Lindsey 1968; Drew et al. 1975; Irvine 1984).
CHD foals have similar musculoskeletal abnormalities and
problems when born, but in contrast to foals with congenital
hypothyroidism, they have a prolonged gestation and a
high incidence of mandibular prognathism. Furthermore,
CHD-affected foals always have histological evidence of
thyroid hyperplasia, which is considered one of the most
important diagnostic criteria for this syndrome. This is in contrast
to foals with congenital hypothyroidism, in which both thyroid
hyperplasia and involution of the follicular epithelium with

Fig 5: Mandibular prognathism in Case 2. Mandibular prognathism
ranging from 0.8 to 1.5 cm was evident in 5/6 congenital
hypothyroidism and dysmaturity syndrome-affected foals.

Fig 6: a) Photomicrograph of the histological appearance of a
hyperplastic thyroid gland from a congenital hypothyroidism and
dysmaturity syndrome-affected foal (Case 1). The thyroid gland is
hypercellular, follicles are small, lined by cuboidal to columnar
epithelium, and contain little or no colloid. Haematoxylin and eosin
×200. b) Photomicrograph of a normal thyroid gland from a
6-day-old foal. Follicles are large, variably sized, oval to circular in
shape, filled with abundant colloid and lined by cuboidal
epithelium. Haematoxylin and eosin ×200.
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accumulation of colloid have been reported (Baker and
Lindsey 1968; Doige and McLaughlin 1981; Murray 1990; Allen
et al. 1994). In both diseases thyroid hormone levels can be
either low or normal when compared with age matched foals
(Baker et al. 1983; Durham 1995).

Thyroid hyperplasia is a nonspecific change, and can be
caused by a variety of different pathogenetic mechanisms,
including dietary iodide excess or deficiency, goitrogenic
compounds, and genetic enzyme defects in the biosynthesis
of thyroid hormones (Capen 2007). All of these lead to
decreased thyroid hormone synthesis and ultimately low blood
levels of T4 and T3. As a result of the low thyroid hormone
levels, the pituitary gland increases the secretion of TSH via
thyrotropic feedback control. The thyroid gland responds to
TSH by increased iodine trapping and synthesis of thyroxine
(T4). Morphologically, continued stimulation of the thyroid
gland by TSH leads to hypertrophy and hyperplasia of the
follicular epithelial cells and an increase in the vascularity of
the gland, both of which can be identified in CHD foals such as

the ones reported here (Doige and McLaughlin 1981). If the
underlying cause of hypothyroidism is rectified at this stage
(e.g. the iodine needs of the foal are met or the need
for thyroid hormones is diminished as the foal gets older),
the follicles will begin to accumulate colloid in response
to diminished TSH stimulation, leading to thyroid gland
enlargement and eventual involution of the hyperplastic
follicular epithelial cells, a condition termed ‘colloid goitre’. If
the underlying cause is not resolved, thyroid hormones will not
be synthesised and the follicular epithelial cells will continue to
hypertrophy without accumulation of colloid, a condition
termed ‘hyperplastic or parenchymatous goitre’. It is likely that
the colloid goitres reported in some of the foals with
congenital hypothyroidism represent the involutionary phase
of thyroid hyperplasia recognised in CHD foals and it is the
authors’ belief that the different clinical and histopathological
presentations of these 2 syndromes might be related to the
degree, timing and duration of the thyroid hormone
deficiency rather than due to a different underlying disease

Fig 7: a) Photomicrograph of the histological appearance of a
hyperplastic pituitary gland (Case 2). The cords of the
adenohypophysis are primarily composed of large chromophobic
cells, often with vacuolated cytoplasm, admixed with rare
acidophilic and basophilic cells. b) Photomicrograph of a normal
pituitary gland from a 6-day-old foal. The adenohypophysis
contains a mixture of small acidophilic, basophilic and
chromophobic cells. Haematoxylin and eosin ×200.

Fig 8: a) Photomicrograph of thyroid-stimulating hormone
immunostaining of the adenohypophysis (Case 2). There is diffuse
membranous and cytoplasmic staining in most of the cells within
the adenohypophysis. ×200. b) Photomicrograph of a normal
adenohypophysis from a 6-day-old foal showing only scattered
thyroid-stimulating hormone-positive cells within the rostral and
dorsal parts of the adenohypophysis. ×200.
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process per se. CHD may simply represent a more chronic
state of hypothyroidism where many of the critical fetal
developmental events have occurred in the absence of
normal thyroid hormone levels. Congenital hypothyroidism
with visible goitre, however, may be the result of a more
transient or short-lived deficiency of thyroid hormones. Further
research on this subject is clearly warranted.

The cellular composition of the adenohypophysis in the
CHD foals reported in this paper was markedly altered.
Normal thyrotrophs, comprising about 5% of the cells in the
adenohypophysis in man, are medium sized, angular or
elongate cells that stain basophilic with haematoxylin and
eosin stain (Pernicone et al. 1997). The pituitary gland of the
CHD-affected foals in this study were enlarged due to
marked hyperplasia and hypertrophy of chromophobic
thyrotrophs. Enlarged pituitary glands have previously been
reported in CHD foals (Allen et al. 1994); however, the
histological findings associated with the enlargement
(i.e. hyperplasia and hypertrophy) have not been described.
Pituitary enlargement due to the hypertrophy and
hyperplasia of the thyrotrophic cells has been reported
to occur in human patients and dogs with primary
hypothyroidism and in athyroid mice (Vidal et al. 2000;
Friedrichsen et al. 2004; Diaz-Espiñeira et al. 2008; Mittag et al.
2009; Teshima et al. 2009). Athyroid mice also show a decline
in lactotrophic and somatotrophic cells (Friedrichsen et al.
2004; Mittag et al. 2009). Furthermore, transdifferentiation of
somatotrophs to thyrotrophs has been reported to occur in
man and dogs with protracted hypothyroidism and in rats
with experimental hypothyroidism (Horvath et al. 1990; Vidal
et al. 2000; Diaz-Espiñeira et al. 2008). The hypertrophy and
hyperplasia of thyrotrophs is induced by the lack of negative
feedback (Mittag et al. 2009). It is likely that a similar
mechanism is the cause of the hypertrophy and hyperplasia
of the adenohypophysis and thyrotrophs in these cases.

In foals, congenital hypothyroidism, either with or without
visible goitre, has been suggested to result from either excess
or deficiency of dietary iodine, excess dietary nitrate, low
dietary selenium or ingestion of goitrogenic substances by
the mare (Baker and Lindsey 1968; Drew et al. 1975; Osame
and Ichijo 1994; Allen et al. 1996; Hines et al. 1997). The soil in
Finland, especially in eastern Finland, is known to be low in
iodine and for that reason table salt used for human
consumption is routinely supplemented with iodine. It has
been suggested that the daily intake of iodine in a pregnant
mare should be 1–3 mg, which may be difficult to achieve in
some areas of Finland without mineral supplements (Drew
et al. 1975; Rooney 2004). An iodine intake of over 26 mg/
day has been suggested to cause goitre in horses (Durham
1995), but, to the authors’ knowledge, a lower limit for iodine
intake that can be correlated with the development of
congenital hypothyroidism has not been reported. The daily
intake of iodine for all the pregnant mares in this report was
estimated to be adequate (>1 mg/day); however, the iodine
content of the soil or hay were not determined on any of
the farms and may have been lower than expected, causing
an iodine deficiency at a critical stage during fetal
development.

Intracellular metabolism of thyroid hormone and
availability of tri-iodothyronine (T3) is regulated by deiodinases
containing selenium, and thus low dietary selenium has also
been suggested to be a potential cause for CHD (Hines et al.
1997). The soil in Finland is naturally low in selenium, but since

the problem is well known, most farms use selenium fortified
fertilisers. The selenium level in the soil on Farm 1 was known
to be normal, but remains undetermined on Farms 2, 3
and 4.

Nitrates compete with iodide uptake by the thyroid gland
and have been associated with alterations in iodine
metabolism, thyroid activity and thyroid gland morphology in
several animal species (Bloomfield et al. 1961; Lahti et al.
1985; Jahreis et al. 1986; Chaoui et al. 2004; Eskiocak et al.
2005; Morris et al. 2011). Increased dietary intake of nitrate
has also been shown to be risk factor for thyroid cancer,
thyroid dysfunction and goitre development in human
patients (Tajtáková et al. 2006; Gatseva and Argirova 2008;
Ward et al. 2010). Feeding horses with high-nitrate green
feed, which has been shown to be a risk factor for
development of CHD, is not common in Finland, although
some other types of plants that are able to concentrate
nitrates (e.g. Timothy hay) are commonly available (Allen
et al. 1996). All the mares of the affected foals in this report
received Timothy hay or haylage during pregnancy. There
are also many other potential sources of nitrates in the
environment to which the mares may have been exposed,
e.g. fertilisation of the fields where the hay or haylage is
harvested or nitrate pollution of the drinking water. It is thus
tempting to suggest that an excess intake of nitrates in these
mares may have been associated with the development of
CHD; however, we were not able to estimate the daily intake
of nitrates accurately for each mare, and so there is no
evidence to support such an association.

Moving property during pregnancy has been shown to be
a risk factor for development of CHD (Allen et al. 1996). None
of the mares with affected foals in this report were moved
during the last 2 trimesters of gestation, and in fact it is
interesting to note that the only mare on Farm 1 (1/3) with a
nonaffected foal at birth had arrived on the farm during the
last trimester of the pregnancy. This may suggest that either the
critical time period for CHD development is before the last
trimester of pregnancy or that certain length of exposure for
the causative agent is required or that the causative agent
was not present during the last trimester on that farm.

Treatment of CHD involves identifying and managing
specific problems and supportive care (Fretz 1994). There is
no evidence that supplementation of a thyroid supplement
(e.g. iodinated casein, desiccated thyroid extract or T4/T3
supplementation) is beneficial, and in fact the limited
data available suggest that CHD foals become euthyroid over
time even without exogenous supplementation (Hines et al.
1997). Furthermore, over supplementation may suppress
endogenous TSH and result in varying degrees of thyroid gland
atrophy, thus exacerbating the problem. The prognosis for
foals with CHD is generally poor. Most affected foals die or are
subjected to euthanasia within a few days of birth. Those few
that do survive tend to have a variety of orthopaedic
problems that cause them to remain unsound and thus
unsuitable as performance animals. In particular, foals with
incomplete skeletal ossification have a high risk of developing
collapse of the tarsal bones. All the foals in this report were
subjected to euthanasia within several days of birth due to the
poor prognosis.
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Congenital hypothyroidism in horses: Looking back and
looking ahead
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Historical perspective of congenitally
hypothyroid and dysmature foals
In the late 1970s and early 1980s, veterinarians at the Western
College of Veterinary Medicine at the University of
Saskatchewan, in Canada, were engaged in pioneering
studies of angular limb deformities in foals (Turner and Fretz
1977; Fretz et al. 1978, 1984; Fretz 1980; McLaughlin et al. 1981;
Pharr and Fretz 1981; Fretz and Donnecker 1983; Fretz and
McIlwraith 1983). Among the foals examined during this period
were several that were atypical of the rest, but with similarities
to each other. McLaughlin and Doige (1981) described the
lesions found post mortem in 7 of these foals. Multiple
musculoskeletal abnormalities were common and included
mandibular prognathism, forelimb contracture (i.e. flexural
deformity), rupture of the tendons of common digital extensor
muscles (ruptured CDETs), and severely retarded ossification of
the carpal and tarsal bones. While these foals had grossly
normal appearing thyroid glands, all of the thyroid glands
were microscopically hyperplastic, leading to speculation that
these foals may have had abnormal thyroid function during
the perinatal period.

Support for this theory was provided by a subsequent study
by McLaughlin and Doige (1982) when they demonstrated
that surgical thyroidectomy of 1-day-old foals resulted in a
decrease in the rate of ossification of the carpal and tarsal
bones. Then, McLaughlin et al. (1986) reported that they had
measured triiodothyronine (T3) and thyroxine (T4) levels in an
additional 14 foals with various combinations of hyperplastic
thyroid glands, angular limb deformities, forelimb contracture,
ruptured CDETs, mandibular prognathism, and incompletely
ossified carpal or tarsal bones. Ten of the 14 foals had low
concentrations of T3, T4, or both, when compared to the
published thyroid hormone concentrations available at the
time (Irvine and Evans 1975; Blackmore et al. 1978; Chen and
Riley 1981) and since (Breuhaus 2011). In addition, the response
of 2 foals to the i.m. administration of 15 iu of thyroid-stimulating
hormone was monitored and considered poor.

Finally, Allen et al. (1994) reported on the results of a
retrospective study of the records of 8 veterinary diagnostic
laboratories in western Canada. They confirmed that a
syndrome of thyroid gland hyperplasia and a specific set of
musculoskeletal deformities (TH-MSD) existed and had
occurred consistently over many years and in several regions
of western Canada. Typically foals with the TH-MSD syndrome
had a long gestation (mean 360 days; range 340–390 days),
were born weak and unable to stand, were often unusually
small or unusually large, and had several signs of immaturity
such as lax tendons and joints, pliable ears, and a short
hair coat. Consistent musculoskeletal anomalies included

mandibular prognathism, flexural and angular deformities of
the forelimbs and hindlimbs, ruptured CDETs, and poorly
ossified carpal and tarsal bones.

Allen et al. (1994) also found that there was no sex or
breed predilection among foals with the TH-MSD syndrome.
Since neither the sex nor breed of a foal appeared to
increase the chance of developing the disease, a heritable
condition was not suspected (Nicholas 2010). At the same
time, Allen et al. (1994) noticed that almost one-third of all the
TH-MSD foals were born on farms that had other affected
foals, and suspected that an environmental determinant
of the disease, such as a dietary deficiency, toxic substance,
or infectious agent, may be responsible. Because these foals
had evidence of inappropriate intrauterine growth or
maturation despite their normal to prolonged gestation, they
were referred to as dysmature, although, today, there may
be debate about whether these foals are best referred to as
being immature, dysmature or post mature (but not
premature) (Paradis 2006). At the same time, it became
apparent that there was a causal relationship between
the morphological changes in the thyroid gland and the
musculoskeletal lesions present in TH-MSD foals. Therefore, the
terms congenital hypothyroidism and dysmaturity (CHD)
syndrome of foals or congenitally hypothyroid and dysmature
(CHD) foals were being used to better reflect the
pathogenesis of this disease (Allen et al. 1993, 1996, 1998;
Fretz 1994; Allen 1995).

Geographic distribution of congenitally
hypothyroid and dysmature foals
The accompanying article by Koikkalainen et al. (2014)
describes, apparently for the first time, the birth of congenitally
hypothyroid foals in Europe, but more specifically, in Finland.
There was a time when authorities in equine veterinary
science, who were making decisions on behalf of major
funders of equine research, believed that CHD foals were only
born in western Canada. It is true that many CHD foals were
born in western Canada and that a proportion of these foals
were reported on in the veterinary literature (Shaver et al.
1979; McLaughlin and Doige 1981; McLaughlin et al. 1986;
Allen et al. 1993, 1994, 1996; Fretz 1994; Allen 1995; Card and
Manning 2000). However, there was, in my opinion, no reason
to think that there was something unique to western Canada
such that this region was the only place where CHD foals could
be born. In fact, what may have been the first report of CHD
foals was made by 2 veterinary practitioners from the
Minnesota-Wisconsin region of the USA (Myers and Gordon
1975) who described 10 foals with ruptured CDETs. Several of
these foals had various concurrent musculoskeletal lesions that
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included forelimb and hindlimb contracture, prognathia,
poorly developed pectoral muscles, and underdeveloped
carpal bones. It is also worth noting that Gawrylash (2004) has
suggested that reports of CHD foals, born in eastern Canada,
may have appeared in the scientific literature as early as 1942
(Stevenson and Stevenson 1942).

The publication of the reports of CHD foals born in western
Canada soon allowed others, in different regions of North
America, to recognise and diagnose similarly affected foals.
Hines et al. (1997) described over 20 cases that had been
diagnosed in the Pacific Northwest region of the USA. Other
CHD foals from the same region have since been identified,
as have foals from the midwestern and northeastern USA
(Frank et al. 2002; Löhr et al. 2012). In 2004, Gawrylash, an
undergraduate veterinary student reporting on a CHD
Standardbred foal born in Ontario, Canada, commented
that several other cases of CHD were recognised in
southwestern and north-central Ontario during the same
foaling season. Since I began my investigations of CHD foals
in the 1990s, I have received many verbal and written reports
from equine practitioners of CHD foals being born in most
regions of Canada, the northern and central regions of the
USA, and Australia. More recently, I was contacted by an
equine practitioner working in South America who had
diagnosed CHD in a foal in Chile. While I initially receive
these reports with respectful scepticism, the history of a
normal to prolonged gestation; consistent clinical findings
(often supported by images); and radiographic findings
of inappropriately ossified carpal bones, tarsal bone, or
both; that the attending veterinarian can now easily share
using digital technology are usually diagnostic for CHD
(Figs 1–3).

Manifestations of congenital hypothyroidism
in foals
As Koikkalainen et al. (2014) discuss in this issue of Equine
Veterinary Education, some authorities in equine neonatology
and equine endocrinology (for example Frank et al. [2002]
and Breuhaus [2011]) have suggested that there are 2 distinct
syndromes of congenital hypothyroidism in foals. There is no
need to repeat the compelling arguments made by
Koikkalainen et al. (2014). However, I will add that there was
the potential for confusion years ago when investigators may
have erroneously assumed that a grossly detectable
abnormality of the thyroid gland, i.e. enlargement, was
invariably linked to an abnormality in thyroid function, i.e.
hypothyroidism, and vice versa. In other words, investigators
who did not diagnose an enlarged thyroid gland in a weak
foal had no reason to suspect that the foal might have
abnormal thyroid gland function. This, combined with the fact
that early reports of foals with ‘goitre’, that were presumed to
be hypothyroid, did not receive the same level of diagnostic
investigation that is available today and employed by
Koikkalainen et al. (2014). An issue that Koikkalainen et al.
(2014) also allude to – and one that I have suspected for many
years – is that there may be varying degrees of severity of
congenital hypothyroidism in horses, or at least a variable
severity in the clinical signs associated with congenital
hypothyroidism. One also has to wonder how many foals that
spontaneously rupture their CDETs today are diagnosed as
being euthyroid and found to be free of the other lesions
associated with CHD.

Summary
The article by Koikkalainen et al. (2014) makes an important
contribution to the study of congenital hypothyroidism in foals
in 4 ways.

1. They provide further evidence that CHD is a disease of
horses, not a disease of western Canadian horses.

2. They argue that there is a single pathogenesis for most
cases of congenital hypothyroidism in foals although the
disease may have somewhat variable manifestations due
to the timing and severity of the insult (e.g. deficiency)
during gestation.

3. They demonstrate that the changes present in the pituitary
gland of CHD foals are consistent with the proposed
pathogenesis, i.e., primary hypothyroidism. [Correction
added on 7th February 2014 after first online publication:
point 3 under the Summary section has been amended.]

4. They share their frustrations with trying to collect evidence
of the possible cause or causes of congenital
hypothyroidism in foals.

I recall listening to a presentation being made by a
colleague who was describing the difficulties in performing a

Fig 1: Digital radiographic image of the right carpal region of a
3-week-old Arabian foal born in Chile in 2013. The foal was born 20
days after the expected due date with signs of immaturity that
included floppy ears, a soft hair coat and joint laxity. The foal also
had a patent urachus, poorly developed muscles, forelimb
contracture and was unable to stand. The foal ruptured the tendon
of the right common digital extensor muscle during the first week
after birth and ruptured the tendon of the left common digital
extensor muscle a few weeks later. Note the inappropriately
ossified (‘hypoplastic’) carpal bones and incompletely ‘closed’
growth plate of the proximal third metacarpus. (Courtesy of
Dr Paula Innocenti, Chile.)
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retrospective investigation of congenital anomalies in the
calves born in a herd of cattle. He compared the process to
trying to retrace your steps in the snow, after the snow had
melted. In others words, practitioners only know they are
dealing with a CHD foal at the end of a 360 day gestation. To
reliably document exposure to all the conceivable risk factors
to which the mare may have been exposed during gestation
is typically a difficult, if not impossible, task. What might hold
promise for the study of CHD in foals in the future is the use of
a laboratory animal model, such as the guinea pig. The guinea
pig has already been shown to be a useful surrogate to the
horse in this regard as it is an herbivore with a simple stomach
and large caecum, has a relatively long gestation compared
to other species of similar size, experiences an early onset of
thyroid function in fetal life, and gives birth to precocious
young with a well-developed hair coat and skeleton
(D’Amours et al. 2004).
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Summary
A pulpar abscess of cheek tooth 307 (according to the Triadan
numerical system) was diagnosed in a 7-year-old female
Quarter Horse. History included a painful response to palpation
in the mandibular region for approximately 4 weeks.
Symptoms included swelling of the mandibular bone with
subsequent fistulisation. A complete intraoral examination was
performed and no lesions or abnormalities were found. Digital
radiographs of the mandibular arcade demonstrated a
periapical lesion of cheek tooth 307. Various therapeutic
options were considered, including standing oral extraction,
retrograde repulsion and endodontic therapy. Together with
the client, a decision was made to perform endodontic
therapy, with the double aim of preserving the tooth and
maintaining normal molar occlusion. This was done under
general anaesthesia without apicectomy, and using materials
commonly used in the field of human endodontics. Following
surgery, radiographs were taken and confirmed the complete
sealing of the pulp canals. Recovery was uneventful and no
post operative complications were observed. A complete
intraoral follow-up examination was performed one year after
surgery, and revealed normal eruption and occlusion of the
tooth involved. Radiographic examination confirmed the
correct position and integrity of the sealant material, as well as
normal perialveolar bone structure. This case report indicates
that endodontic therapy, following the above protocol,
involving pulpectomy and sealing of the pulp cavity,
represents a valid alternative to the more commonly used
technique of tooth extraction.

Introduction
Apical infection of cheek teeth (CT) is a common disorder in
horses, and may involve both mandibular and maxillary CT
(Dixon et al. 2000; Carmalt and Barber 2004; Dacre et al. 2008).

In the case of mandibular involvement, the rostral
mandibular CT (especially 307–308 and 407–408 CT) are the
most commonly affected (Backer 1970; Pritchard et al. 1992;
Lane 1994; Dixon et al. 2000), rather than the maxillary CT, in
which 107–207 and 109–209 CT are usually involved (Dixon
et al. 2000).

The aetiology of apical infection is quite varied and several
theories have been proposed (Dixon et al. 2000).

Equine apical CT infections are believed to be due
primarily to bacterial infections of the tooth apex, similar to
equivalent disorders extensively described in the field of
human dentistry (Castellucci 1996; Dacre et al. 2008).

The access routes proposed for bacterial infection of
equine CT apices include extension of infundibular cementum

caries, which Windley et al. (2009a,b) observed as a frequent
occurrence in CT. Descending periodontal infection and pulp
exposure are also reported as other possible routes. The last
condition may be due to trauma as a result of either idiopathic
dental fractures, or aggressive use of motorised dental
equipment (Baker and Kirkland 1992; Dixon et al. 2000; Dacre
et al. 2008). When there has been no physical access allowing
oral bacteria to reach the dental apices directly, a
haematogenic source is the most probable cause (Dacre
et al. 2008).

Many theories indicate that the presence of enlarged
eruption cysts, favoured by trauma, overcrowding, impaction
and delayed eruption of permanent teeth (secondary to
retained deciduous teeth), all provide opportunities for
bacterial invasion (Baker and Kirkland 1992; Dixon et al. 2000;
Carmalt and Barber 2004).

Clinical signs vary according to which tooth is involved, the
severity of the infection, and the overall time since onset
(Dixon et al. 2000).

The usual clinical signs of mandibular apical infections are
unilateral swelling of the hemimandible, with or without a
ventral draining fistular tract (Dixon et al. 2000; Carmalt and
Barber 2004; Dacre and Dixon 2004).

In maxillary CT infections, common clinical signs are more
or less diffuse maxillary swelling, often accompanied by
ipsilateral purulent nasal discharge or secondary sinusitis (Dixon
et al. 2000; Dacre and Dixon 2004). Other signs occasionally
seen are quidding, weight loss, halitosis and lack of appetite,
but they do not necessarily occur.

Radiographic examination is essential in providing
information about the overall tooth structure and alveolar
bone. It is also crucial in determining which tooth is involved
and, more specifically, the exact location of the lesion,
including its depth and extent (Carmalt and Barber 2004;
Dacre and Dixon 2004; Earley 2010; Galloway 2011).

Common radiographic findings in periapical abscesses
include loss of lamina dura surrounding the tooth root, lysis
of periapical bone, and occasional destruction of apices
(Carmalt and Barber 2004).

In the case of a draining tract, a radiopaque object, such
as a metal probe, can greatly assist in determining the exact
tooth and structure affected.

Computed tomography or scintigraphy may also be
indicated when clinical and radiographic findings are either
inconclusive or when more detailed images of the infected
teeth are required (Boswell et al. 1999; Schramme et al. 2000;
Simhofer et al. 2008; Earley 2010; Simhofer 2010).

There are several options for treatment of periapical
diseases in the horse (Dixon et al. 2000; Carmalt and
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Barber 2004; Tremaine 2004). Conservative antibiotic therapy
(e.g. trimethoprim/sulfonamide, sometimes combined with
metronidazole or penicillin and streptomycin) may be used
(Dacre and Dixon 2004). In some cases of chronic apical
infection, particularly in the presence of impacted food and
periodontitis, antibiotic therapy alone is often unsuccessful
(Dixon et al. 2000; Carmalt and Barber 2004; Tremaine 2004).

Nonconservative therapies include extraction of the
diseased tooth. This is currently the most commonly used
treatment, and is often the best choice (Dixon et al. 2000;
Carmalt and Barber 2004; Tremaine 2004).

Various techniques may be used to extract cheek teeth,
e.g., repulsion, intraoral extraction and surgical buccotomy
(Carmalt and Barber 2004; Earley 2010). The latter normally
requires general anaesthesia.

Intraoral extraction, when possible, is currently the most
favoured and commonly used technique. Both repulsion
(although not always) and intraoral extraction have the
advantage that, when combined with regional anaesthesia,
they can be performed in the field on the standing sedated
horse. Oral extraction has also been demonstrated to have
fewer post operative sequelae and an overall better success
rate (Dixon et al. 2010).

Potential short-term complications of tooth extraction may
occur both intra- and post operatively. They include iatrogenic
dental and/or mandibular fractures, alveolar bone fracture,
paranasal sinus infection, nasal discharge (Dixon et al. 2010),
alveolar plug failure, fistulisation, root-tip fracture, damage to
adjacent teeth, and risk of palatine artery laceration
(Schramme et al. 2000; Earley 2010).

Complications in CT extraction have been reported in
32–70% of cases (Carmalt and Barber 2004; Earley 2010).

Cheek tooth extraction has also been associated with
some long-term complications, such as altered mastication
and the possible development of ‘step mouth’. Molar
overgrowth, commonly called ‘step mouth’ is due to
continuing eruption, which is characteristic of the hypsodontic
tooth, while contemporarily lacking the continual attrition that
occurs by contact of the opposing tooth (Carmalt and Barber
2004; Townsend et al. 2008). Removal of a single tooth may
destabilise the dental arcade, predisposing to mesial drift, in
which the adjacent teeth move to narrow the gap, sometimes
resulting in development of diastemata and periodontal
disease (Carmalt and Barber 2004).

In the past, periapical curettage has been used as an
alternative to extraction and more recently there is a growing
increase in cases where endodontic therapy has been
applied (Butson et al. 1997; Carmalt and Barber 2004; Simhofer
et al. 2006).

Periapical curettage allows the tooth to be preserved by
debridement of the periapical area, leaving the tooth root
region to drain and heal by second intention (Carmalt and
Barber 2004); however, this procedure presents a high risk of
endodontic disease recurrence and is not supported by any
long-term follow-up studies.

Endodontic therapy comprises apical resection, pulp
canal obturation and root end closure (Carmalt and Barber
2004). It has been reported by several authors who used
varying techniques with variable success rates (Baker and
Kirkland 1992; Butson et al. 1997; Tremaine 2004; Simhofer et al.
2008).

Equine endodontic therapy is considered to be a
major surgical undertaking, requiring general anaesthesia,

prolonged surgical time, and special skills and equipment
(Carmalt and Barber 2004). It is thus both expensive and
complicated, and its application in the equine field is limited.
However, although less frequently reported (Dixon et al. 2000;
Carmalt and Barber 2004) and with conflicting results (Dixon
et al. 2000; Simhofer et al. 2006), this alternative treatment can
actually preserve the integrity of the tooth while avoiding the
risks of both short- and long-term complications after
extraction. If endodontic therapy is unsuccessful, there is
always the option of extraction (Dacre et al. 2008).

The case study presented here is a surgical endodontic
procedure involving periapical and apical curettage,
pulpectomy, third apical pulp canal obturation and root end
closure without apical resection. Some of the materials used, in
particular iodoform paste and the cement for sealing the
cavity (Pulp Canal Sealer), were taken from the human
endodontic field and, to the best of our knowledge, have not
previously been used in equine patients.

This modified technique, although pertaining to only one
case study, may be considered for endodontic treatment of
periapical abscesses in the horse.

Case details

History
A 7-year-old female Quarter Horse was admitted to the Centro
Medico Equino clinic in Padova, Italy, with a large swelling of
the mandible in the area over cheek teeth 306–307 gradually
increasing over a period of 4 weeks. Painful response to
palpation in the mandibular region was reported. Therapy
during this period involved phenylbutazone (Bute iniettabile;
3 mg/kg bwt i.v.)1, together with antibiotics benzylpenicillin
(9000 iu/kg bwt) and dihydrostreptomycin (11.25 mg/kg bwt,
Combiotic)2. There was no noticeable improvement in the
animal’s condition during this 4-week period.

Clinical findings
Clinical signs included an asymmetrical mandibular profile,
with extensive swelling over an area of about 10 × 7 × 5 cm,
associated with osseous fistulisation of the ventral margin of
the mandible corresponding to the apical area of CT 307.
There were 2 fistular openings, each about 1.5 cm in diameter,
from which copious purulent malodorous exudate drained.

A thorough oral inspection was carried out with an open
mouth speculum, halogen head lamp, and dental pick,
dental probe and dental mirror. During this oral examination no
abnormalities were found, such as necrotic dentine, cemetal
defects, periodontitis, tooth mobility, caries lesions, dental
fractures, pulp exposures or any abnormal occlusal wear. The
molar table angle was approximately 15°. There were no signs
of extension of the infection into the oral cavity and the
occlusal surface, surrounding gingival tissue and exposed
crown of the suspected infected tooth (CT 307) all appeared
normal.

Bloodwork revealed normal physiological parameters,
except for moderate neutrophilia.

Diagnosis
Radiographs of the lower premolar area of the mandible
revealed apical infection of CT 307, which was considered the
cause of the draining abscess. The roots of this tooth showed
well defined diffuse radiotranslucence caused by the
colliquative action of the infection, forming a semilunar zone
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around each apical root. Considering the history, clinical
examination of the mouth, and the radiographic findings,
acute pulpitis leading to an apical abscess of CT307 was
diagnosed.

Treatment
In light of the excellent performance of this horse and its
economic value (a successful cutting horse), and the possible
complications of extraction, the decision was taken, together
with the owner, to preserve the integrity of the tooth by
endodontic surgery as applied in the human field (Castellucci
1996). Considering the horse’s age (tooth eruption >2 years
previously) and the observations found during the oral
examination, it appeared that this horse was a good
candidate for such therapy. A presurgical radiograph was
taken with a radiopaque marker inserted into the fistulous
tract, in order to locate and define the exact position of the
apices to be treated (Fig 1).

The horse was premedicated with acepromazine
(Prequillan; 0.3 mg/kg bwt i.v.)3, followed by xylazine (Rompun;
1.1 mg/kg bwt i.v.)4. General anaesthesia was induced with
ketamine (Imalgene 2.2 mg/kg bwt i.v.)5 and diazepam
(Diazepam; 0.05 mg/kg bwt i.v.)6. A 26 mm silicon-cuffed
endotracheal tube was passed and the horse placed in dorsal
recumbency.

Surgical anaesthesia was maintained with a gas mixture of
isofluorane (Forane; 1.2–2%)7 and oxygen (8 l/min). Lactated
Ringer’s solution8 and saline solution were infused through a 14
gauge jugular catheter at a rate of 10 ml/kg bwt/h.

Heart rate, respiratory rate, pulse oxymetry, end-tidal
isoflurane, body temperature and direct blood pressure were
monitored and recorded every 5 min.

Surgical preparation of the site was done with clipping of
the area, followed by cutaneous scrub, with alternating
tensioactive povidone iodine solution, alcohol and 5%
chlorhexidine.

The surgical field was then isolated with sterile surgical
sheets and Backhaus clamps, the skin and subcutaneous tissue
were incised creating a flap revealing the mandibular
periostium, including the fistular orifice. At this point the
abscess was incised by blunt dissection and curettage was
performed with a Volkmann spoon and Rongeurs.

Once the mesial apex of CT 307 had been exposed, a
47 mm length barbed broach was introduced through the

apical foramen in a retrograde manner along the root canal
reaching the pulp cavity. A considerable portion of the pulp
tissue (neurovascular bundle) was (Fig 2) removed by using a
slow 180° rotation with simultaneous retraction, much like
removing a cork from a bottle.

Extirpation of pulp tissue is a delicate procedure that must
be executed with great care, since there is a risk of break-up of
pulp tissue occurring. This possibility can significantly
complicate the procedure, since more time is required to
‘recapture’ any tissue remaining in the canal.

After extraction of the pulp tissue, 60 mm long K-files of
various measures (ISO size 30–35 to 40–80) were inserted into
the canal and push/pull movements were used to rasp the
wall. Simultaneous flushing and irrigation with 5% sodium
hypochlorite9 were applied to remove all debris. Slight
haemorrhage from the bone tissue was controlled by a ‘drop
by drop’ method of a 1 mg/ml solution of adrenaline
(Adrenalina)10. Flushing with hydrogen peroxide at 10%
solution was also used during rotary filing of the canal to bring
any necrotic material to the surface.

Before sealing, drying of the canal was done by the
insertion of paper cones in the coronal direction by means of
pluggers and spreaders. Once these cones were removed,
other cones were used to transfer iodoform paste9 and
introduce it into the canal.

Sealing was carried out with gutta-percha11 points (ISO size
80) and endodontic cement (Pulp canal sealer)12, for the filling
of the root canal and apical foramen. The gutta-percha was
first simply compacted laterally with a plugger, and then
compacted on the apical foramen with a heated spreader to
optimise sealing, as used in human endodontics.

Attention was then directed to the treatment of the distal
canal, following the same procedure as described above. The
only difference here was a minor increase in haemorrhage
probably due to the fact that the distal pulp was less
hyperaemic. Here too, the haemorrhage was controlled with
an adrenaline solution, as described above. The flap was then
closed subcutaneously with a continuous suture of 2-0 Vycril
and cutaneously with separate interrupted sutures of 1 Ethilon.

At the end of this procedure, as shown in Fig 3, the
radiograph demonstrated both intact sealing of the tooth
apex and relatively limited bone loss resulting from the access.

Fig 1: Presurgical radiograph taken with a radiopaque marker
inserted into the fistulous tract.

Fig 2: Complete neurovascular bundle removed by a barbed
broach.
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The surgical procedure lasted about 150 min, and post
operative therapy for one week consisted of both antibiotics
and anti-inflammatories, as previously described. To this was
included 4 mg/kg bwt/day of omeprazole (Gastrogard)5 for
one week, followed by a daily dose of 2 mg/kg for another
2 weeks.

Three times a day, the horse was fed mixed hay that had
been previously softened by soaking in water. The wound was
medicated and cleaned twice a day with a 1% povidone
iodine solution and a 0.5% nonalcohol solution of
chlorhexidine, after which a rifaximin (Fatroximin)13 antibiotic
spray was applied until suture removal on the 14th post
operative day.

Outcome
The above endodontic surgical procedure allowed rapid
healing of the apical infection, and the horse exhibited normal
eating behaviour both in mastication and appetite within 24 h.

Within 2 weeks, the horse’s general condition appeared
completely normal and training was resumed. About one
month after surgery, the horse was examined and found to be
in good health, with no signs of stress.

Two months following surgery, the horse resumed full
activity and competed in several international shows.

One year after surgery, a complete intraoral examination
was performed and revealed normal eruption and occlusion
of the tooth involved. Mandible examination and palpation
showed no evident periostal bony callus. A small well-defined
area without hair (1 × 0.5 cm) was found on the skin, but this
was not painful to either touch or compression. A radiograph
demonstrated (Fig 4) that the gutta-percha seal had
remained in position and that the bony tissue had completely
mineralised; in addition, the cortex retained the same
radiopacity as the portion not involved in the abscess. As
further confirmation of the horse’s complete recovery, the
owner did not report any other signs or abnormalities during
the previous 12 months.

Discussion
Equine endodontic therapy is considered a major surgical
intervention and its application in the equine field is
considered controversial by many practitioners. It normally
consists of apical resection, pulp canal filing and root-end

canal obturation. The technique of periapical curettage is
described in the literature as part of this therapy and the aims
are the same as those of traditional endodontic treatment
(Carmalt and Barber 2004).

Endodontic technique is currently the only therapeutic
treatment for preserving apically infected teeth, and avoids
the potential complications reported after tooth extraction
(Simhofer et al. 2008; Townsend et al. 2008). However, the cost,
the necessary general anaesthesia, the duration of surgery
and risk of therapeutic failure, together with the need for
specialised equipment and training are major disadvantages
(Butson et al. 1997; Dixon et al. 2000; Simhofer et al. 2008).

Although endodontic therapy, compared with dental
extraction, is still rarely used in the equine field, this type of
treatment has been reported in the literature (Schramme et al.
2000; Simhofer et al. 2008). A variety of techniques and
materials have been used, with success rates varying between
44% and 85% (Butson et al. 1997; Schramme et al. 2000;
Carmalt and Barber 2004; Simhofer et al. 2006, 2008).

The most frequent post operative complications reported
in the literature, resulting in a high percentage of failure are:
persisting clinical signs, recurrence of apical infection, possible
dental fractures, leakage of pulp canals, and disintegration of
the apical seal (Simhofer et al. 2006, 2008), any of which may
later require tooth extraction.

As clearly described in the literature, careful case
selection, comprising thorough clinical and radiographic
examinations, is one of the most important requirements for
successful endodontic treatment (Schramme et al. 2000;
Carmalt and Barber 2004; Simhofer et al. 2008). Endodontic
therapy is not recommended in cases of fractured teeth,
advanced periodontitis with periodontal pockets (Carmalt
and Barber 2004) and other causes of chronic pulp disease. In
such cases, traditional extraction is the treatment of choice
(Baker and Kirkland 1992; Schramme et al. 2000; Carmalt and
Barber 2004; Simhofer et al. 2008).

It has also been reported that endodontic therapy is more
successful when performed on cheek teeth that have erupted
for at least 2 years. This may be due to variations in the pulp

Fig 3: Post surgical radiograph taken at the end of the procedure.

Fig 4: Follow-up radiograph taken one year post surgery.
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anatomy such as anastomosis and the presence of lateral
canals, both of which decrease with the increasing age of the
tooth (Windley et al. 2009a,b). These pulp anatomy variations
can cause difficulty when trying to thoroughly clean and flush
out pulp debris (Baker and Kirkland 1992; Dixon et al. 2000;
Carmalt and Barber 2004). It has also been reported that the
mandibular CT pulp horns demonstrated less anatomical
variation as compared to the maxillary pulp horns (Windley
et al. 2009a,b).

Despite the criteria for case selection in endodontic
therapy, there is a high risk of technical difficulties (Simhofer
et al. 2008). Reported intraoperative complications include
persistent haemorrhage, with subsequent problems in
thorough removal of infected pulp due to compromised
visibility and risk of contamination. This can significantly prolong
surgery time (Simhofer et al. 2006, 2008).

The equine endodontic interventions require a pulpectomy
and this consequently leaves a space, or cavity, in the pulp
chamber. One of the primary functions of the pulp tissue is the
production of secondary dentine, and of course, this is no
longer produced. This lack of secondary dentine, together
with the normal attrition rate (2–3 mm annually), which is
characteristic of the hypsodont tooth will eventually lead to
exposure of the pulp cavity (Klugh 2010).

In our case, which involved a 7-year-old horse, there was a
considerable amount of tooth tissue made up of principally
primary dentine, enamel, infundibular cement and a small
amount of previously deposited secondary dentine between
the pulp cavity and the occlusal surface. At a normal attrition
rate, the devitalised pulp cavity will eventually be exposed,
although it is difficult to determine precisely when this would
occur and may depend on numerous factors.

The decision to perform endodontic therapy on this horse
was based on the fact that all of the above mentioned criteria
were satisfied and that the owner was in agreement.

The age of the tooth is of utmost importance when
considering root canal access using an endodontic
technique. Older horses (with permanent tooth eruption >10
years) would probably require entering 2 apical foramina for
each root as has been described by Windley et al. (2009a,b).
In this case, being a relatively young horse, only a single
access per root was required.

All endodontic treatments involving pulpectomy
unfortunately result in an arrest in the formation of secondary
dentine. This dentine is the strongest material protecting the
pulpar cavity. Consequently, pulp cavity exposure is likely to
occur in an undetermined period of time. As a consequence
this exposure could result in possible caries formation and food
impaction laden with bacteria. Considering the lack of
secondary dentine, indispensable for tooth strength, it can
become brittle and more susceptible to possible mechanical
fracture. Fortunately, this consequence does not happen
often following endodontic treatment. This deterioration and
fracture can also occur in teeth that have not undergone
endodontic therapy (idiopathic fractures).

The usual endodontic technique provides access to the
pulp chambers of CT by root-end resection or apicectomy
(Baker and Kirkland 1992). In our case, we decided not to
perform a root apicectomy, but rather to use the existing
apical foramen, to reach the pulp cavity. In our case, this was
approximately 5 mm in diameter. This opening may persist with
age but decreases progressively in diameter, up until age 15
years or more (Klugh 2010).

The most immediate advantage of avoiding apicectomy
was the reduction of haemorrhage, which may cause
reduced visibility of the root canal opening and prolongation
of surgical time.

Adrenaline-soaked gauze was sufficient to control
haemorrhage, comparatively minor in our case, with respect
to the traditional technique that involves apicectomy.

Apicectomy or radiculectomy is normally performed to
achieve good exposure of the root canals and pulp chamber
(Baker and Kirkland 1992; Schramme et al. 2000). Following
apicectomy, the normal conical shape of the apical part of
the pulp canal is widened; this facilitates access to the root
canals and pulp chamber during the endodontic procedure.
This, however, may lead to a greater risk of sealing material
detachment due to the absence of the apical conical shape
which could physically aid in the retention of the seal. Sealant
detachment is reported to be one of the long-term
complications of the technique (Schramme et al. 2000).

The main disadvantage of not performing apicectomy is
reduced exposure of the pulp canal opening and greater
difficulty in complete extraction of pulp tissue.

As reported in the literature, thorough removal of any
infected or necrotic pulp, food and dentine is crucial for a
successful outcome (Simhofer et al. 2006, 2008). Since the
equine pulp cavities can be quite long, the choice was made
to use long endodontic K-files in increasing ISO size. Meticulous
cleaning and flushing with 5% hypochlorite solution and 10
volumes of hydrogen peroxide was performed in order to
remove all debris. It is therefore an advantage to have
instruments of at least 60 mm in length so as to penetrate the
pulp cavity facilitating the removal of as much pulp material
as possible.

Prior to sealing the canal, paper cones were used to
introduce iodoform paste, to reduce the residual bacterial
load inside the canal and to minimise the possibility of
recurring endodontic disease.

The application of iodoform paste as an endodontic
medication, to the best of our knowledge, has never been
described in the equine field, although it is routinely used in
human endodontic therapy as temporary medication. Using
the paste on our patient did not result in any kind of adverse
reaction or side effects.

Particular attention was paid to ensure root canal filling
and apical sealing. The integrity of the apical seal is very
important for the success of endodontic treatment (Simhofer
et al. 2008). Gutta-percha cones were inserted and initially
compacted laterally using pluggers and spreaders against the
canal walls and then heated to help the material penetration
into the dentinal tubules. Additional gutta-percha together
with endodontic cement (Pulp Canal Sealer)5 was flattened at
the apex with a heat source, to enhance proper sealing.

The best filling material for sealing equine pulp cavities is
yet to be identified (Schramme et al. 2000). Gutta-percha and
other materials such as glass ionomers, amalgam and MTA
have been described in the literature (Schramme et al. 2000).

As can be seen in the human field, endodontic sealing
material can undergo deterioration and shrinkage. This is a
possible sequela after restoration integrity is lost, requiring
retreatment. In the case of the equine occlusal surface that
undergoes continuous wear, exposure of the coronal portion
of the canal is most probable in time. Food and debris can
eventually occupy the coronal portion of the cavity (these
remain unfilled in the endodontic process) and thus could
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provide access for bacterial contamination between the pulp
chamber and the apices.

In our case, a short-term follow-up examination (12 months
post surgery) including radiography demonstrated that the
canal sealant was still intact and in the original position. There
was no recurrence of clinical signs, and the tooth continued to
grow correctly, with no visible anatomical anomaly.

In conclusion, endodontic treatment in an apically
infected equine CT, if successful, can preserve the affected
tooth and avoid long-term complications due to extraction.
However, the need for expertise, specialised equipment,
general anaesthesia with possibly prolonged surgery times,
careful case selection, and a certain percentage of
therapeutic failure have all restricted the use of this technique,
especially with respect to oral extraction (Dixon et al. 2000).

In our clinical case, endodontic treatment, with slight
modification of surgical techniques, proved effective in
treating an apical abscess of CT 307. By avoiding apicectomy,
the conical shape of the root was preserved and surgery time
was reduced; in addition, the use of iodoform paste did not
give rise to any adverse reaction.

The techniques proposed in this clinical case may help
contribute to the application of endodontics in the horse, with
the hope of reducing the percentage of recurrent apical
infections.
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Clinical Commentary

Endodontic treatment of equine cheek teeth
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In this issue the successful endodontic treatment of a
mandibular premolar abscess in a young horse is presented
(Facchini et al. 2014). This represents a valuable contribution to
the limited pool of publications in this slowly evolving
subspeciality of equine dentistry.

In most cases of equine apical cheek teeth infections, the
affected tooth is extracted for a variety of reasons even if the
preservation of the tooth might be a legitimate alternative.
In the introduction to their case report, Facchini et al.
(2014) comprehensively describe the advantages and
disadvantages of exodontia and tooth preservation which
eliminates the need to further discuss this here. The intention of
this article is rather to focus on critical points throughout the
endodontic procedure which might compromise a favourable
outcome and to present ideas which might contribute to
eventually improving the long-term success rate of
endodontic therapy in equines.

In brachyodont species access to the endodontic system
is most frequently accomplished via an oral approach.
However, in horses, the length of the reserve crown usually
requires a surgical approach through the maxillary or
mandibular bone (Simhofer 2011). Having gained access to
the tooth roots, the endodontic surgeon is confronted with
the question of whether or not to perform apicoectomy
of the diseased root(s). The major advantages of root
removal are that all pulp horns of the infected tooth can be
addressed individually with endodontic instruments and that
infected dental and apical periodontal tissues can be
thoroughly debrided. Resection of the tooth roots furthermore
results in a reduction of the length of the tooth which
facilitates the preparation of the shortened remaining pulp
canals. The application of endodontic medication and root
canal obduration is also easier. Disadvantages of apical
resection are shortening of the tooth resulting in possible
premature tooth loss, increased bleeding at the surgical site
and the need to tightly seal the apical aspects of all (5–7)
pulp horns compared to only 2–3 apical seals when
apicoectomy is not performed. Facchini et al. (2014) opted
against apicoectomy to minimise haemorrhage and reduce
the risk of disintegration of the apical seal which might
compromise the success of the procedure (Schramme et al.
2000; Simhofer et al. 2008). The presence of large apical
foramina, wide root canals and pulp horns in young horses
facilitate endodontic preparation without apicoectomy
which is significantly more complicated in older animals. The
presence of large amounts of reparative dentine and pulp
stones in mature teeth might further complicate complete
removal of infected pulp tissue and thorough disinfection of
the root canals and pulp horns.

In equine cheek teeth each root canal diverges into 2 or
more pulp horns (Windley et al. 2009; Kopke et al. 2012).

Branching root canals make controlled and complete
removal of infected pulp tissue from all pulp horns attached to
a particular root canal almost impossible. The controlled
insertion of endodontic instruments into all branches of the
endodontic system, thorough canal preparation, disinfection
and tight filling are equally difficult using this technique.
Incomplete removal of pulp tissue will result in necrosis of
isolated portions of this tissue. Dental decay and reinfection
originating from these site(s) may also be a consequence.
However, the report by Facchini et al. (2014) in this issue
indicates that endodontic treatment might also be
successfully performed without tooth root removal in selected
cases.

Disintegration of the apical seal has been previously
reported as another potentially detrimental complication of
endodontic treatment by the authors of this commentary and
others (Schramme et al. 2000; Steenkamp et al. 2005). The
creation of an undercut at the apical entrance of each pulp
horn might provide macro-mechanical retention of the apical
seal (Simhofer et al. 2008). The use of modern apical sealing
materials such as mineral trioxid aggregate (MTA) might further
help to avoid this complication. In contrast to most other
apical sealers, MTA can be used in a moist environment which
is almost always present when apicoectomy is performed
(Torabinejad et al. 1994). The sealing properties of MTA have
been previously reported as being superior to other materials
(Adamo et al. 1999).

In their discussion, Facchini et al. (2014) correctly addressed
dental wear leading to exposure of the pulp horns and
subsequent reinfection as a risk factor which might present a
time limit to the hitherto successful therapeutic outcome. The
varying lengths of the columns of secondary dentine (White
and Dixon 2010) and an unpredictable rate of dental attrition
render the timing of this event nearly impossible. As this
complication is unknown in brachiodont species, the
therapeutic concepts of how to effectively counter the
potentially detrimental consequences of occlusal pulp
exposure in endodontically treated teeth have yet to be
published. Frequent examinations and timely surgical removal
of the remaining occlusal secondary dentine overlying the
obdurated pulp canals, followed by state-of-the-art intraoral
sealing of the cavities with suitable materials, might help to
prolong the integrity of endodontically treated teeth in the oral
cavity and increase long-term success rates.

While endodontic surgery of equine cheek teeth is usually
performed under general anaesthesia, most dental
extractions can be accomplished in the standing sedated and
locally anaesthetised horse. The additional risks of post
anaesthetic complications in combination with prolonged
morbidity, high costs and the possibility of reinfection deter
most horse owners from opting for endodontic surgery.
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Although still in its infancy, the recently described
technique of dental extraction, extra-corporal endodontic
treatment and subsequent dental replantation in the standing
horse might be one possible solution to this problem (Staszyk
2010; Broeze 2011).

The increasing use of oral endoscopy for diagnostic and
surgical purposes and continuous progress in the development
of specially designed instruments and techniques has
facilitated reconsideration of an intraoral approach for
endodontic treatment of equine cheek teeth in the standing
horse as a viable option. The lack of direct visibility and
extremely confined space in the equine oral cavity, in
combination with the necessity to perform precise and
thorough preparations and high quality fillings in teeth
sometimes exceeding the length of 8 cm in young animals, are
the most obvious problems. However, the author is aware of
some colleagues who perform endodontic treatment of
diseased equine cheek teeth using this approach.
Unfortunately, reports describing this technique in equines
have not yet been published.

The present short- and medium-term success rates,
promising new developments and challenging new concepts
for equine endodontic treatment will hopefully attract an
increasing number of specialised clinicians and researchers to
conduct and publish results of in vitro and clinical studies in the
near future. This will ensure that equine endodontic treatment
in particular and equine dentistry in general further continues
as an evidence-based speciality.
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Original Article

Evaluation of the sedative, analgesic, clinicophysiological and
haematological effects of intravenous detomidine,
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Summary
The aim of this investigation was to determine and
evaluate the sedative, analgesic, clinicophysiological and
haematological effects of intravenous (i.v.) injection
of detomidine, detomidine-butorphanol, romifidine and
romifidine-butorphanol. Six standing donkeys were used. Each
donkey received 4 i.v. treatments and the order of treatment
was randomised with a one-week interval between each
treatment. We found that i.v. injection of a combination of
detomidine-butorphanol or romifidine-butorphanol produced
potent neuroleptanalgesic effects thus providing better, safe
and effective sedation with complete analgesia in standing
donkeys compared with injection of detomidine or romifidine
alone. The changes and reduction in pulse rate were within
acceptable limits. The changes in clinicophysiological,
haematological and biochemical values were mild and
transient in these clinically healthy donkeys.

Introduction
Forty million donkeys are found in developing countries, with 12
million donkeys in Africa alone. Most developing countries
have an expanding population of donkeys used for various
services including traction and transportation of people
(Fielding 1990). Castrations, tumour removals, foot disorders
and dental treatments are routinely performed in donkeys
without general anaesthesia if sufficient analgesia and
sedation are provided (Jordan 1986). The a2-agonists are
regarded as sedative and hypnotics. In large animals
and horses, a2-agonists are administered to induce sedation
and potent analgesia for pain relief (Freeman et al. 2002).
The a2-agonists produce analgesia by stimulation of
a2-adrenoceptors in the substantia gelatinosa of the dorsal
horn of the spinal cord, inhibiting the release of
neurotransmitter norepinephrine and substance P (LeBlanc
and Caron 1990). Detomidine is an effective analgesic drug
used in donkeys. Dosages of 5 and 10 mg/kg bwt produce
sedation, while dosages of 20 and 40 mg/kg bwt provide deep
sedation and analgesia. In a study by Mostafa et al. (1995)
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), blood urea nitrogen and creatinine values were not
significantly altered and detomidine induced safe sedation
and analgesia without any adverse effects on the liver and
kidneys. Romifidine is a potent a2-agonist and its administration
produces sedation, muscle relaxation, reluctance to move,
reduced responsiveness to environmental stimuli, bradycardia
and a reduction in respiratory rate (Freeman et al. 2002). The

a2-agonists are used in combination with morphine or other
opioids to improve sedation and analgesia in clinical equine
practice due to their insufficient sedation stability (Schatzman
et al. 2001). Butorphanol is a potent mixed agonist–antagonist
analgesic and belongs to the opioid family (Monkovic et al.
1973). Butorphanol is used for pain relief associated with colic
and minor surgery in horses and exhibits partial agonist and
antagonist activity at the mu opioid (MOP)-receptor and
agonist activity at the kappa (KOP)-opioid receptor (Caulkett
et al. 2003; Forney and Barbara 2007). In previous studies,
administration of an a2-agonist with an opioid agonist caused
a decrease in red and white blood cell counts, packed cell
volume percentage (PCV%), haemoglobin (Hb), total protein
and an increase in glucose, cholesterol, blood urea nitrogen,
creatinine and ALT. The changes in haematological and
biochemical values were transient with no marked systemic
effects (Wasak 1983; Benson et al. 1984). The objective of our
investigation was to determine and evaluate the sedative,
analgesic, clinicophysiological and haematological effects of
i.v. injection of detomidine, detomidine-butorphanol,
romifidine and romifidine-butorphanol.

Materials and methods
This investigation was approved by the Committee of Animal
Welfare and Ethics at Alexandria University. Six standing
donkeys, weighing 250–320 kg and aged 3–6 years were used.
All donkeys were housed in stalls in the Faculty of Veterinary
Medicine, Alexandria University. Water and hay were provided
ad libitum. Four i.v. treatments were applied to each donkey
with a minimum of one week’s interval between each
treatment using 0.04 mg/kg bwt detomidine (Domosedan)1,
0.04 mg/kg bwt detomidine plus 0.05 mg/kg bwt butorphanol
(Torbugesic)2, 0.08 mg/kg bwt romifidine (Sedivet)3 and
0.08 mg/kg bwt romifidine plus 0.05 mg/kg bwt butorphanol.
Prior to treatment, each donkey was examined, weighed,
restrained in stocks and allowed at least 15–30 min to become
accustomed to its surroundings. The site of catheterisation was
clipped and scrubbed with povidone iodine. All drugs were
injected via the left jugular vein and each dose injected over
a period of 30 s with a 16 cm, 16 standard wire gauge
catheter. Pulse rate (PR), respiratory rate (RR), rectal
temperature (RT), sedation, analgesia, Hb, PCV%, differential
leucocytic count percentage (DLC%), serum glucose,
creatinine, urea, AST and ALT were measured at 15 min before
and at 15, 45, 75 and 120 min after injection. Pulse rate was
measured as beats/min. Respiratory rate was evaluated by
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movement of the thoracic wall and rectal temperature
measured with a digital thermometer. Blood samples were
collected for haematobiochemical analysis of DLC% (Dacia
and Lewis 1975), Hb (Zijlstra 1961), PCV% (Maxine and
Benjamine 1985), glucose (Tinder 1969), creatinine (Faulkner
and King 1976), urea (Davidson and Henary 1969), AST and ALT
(Reitman and Frankel 1957). All donkeys received a standard
noxious stimulus through the skin and deep muscle pinprick of
the perineum, inbetween the ribs and in the lateral neck, using
a 24 gauge, 3 cm needle for evaluation of analgesia (Kerr
et al. 1972; Oijala and Katila 1988; De Rossi et al. 2009). Degree
of analgesia was determined according to the following
scale: 1) complete analgesia, 2) moderate analgesia: slight
response to a painful stimulus, 3) mild analgesia: brisk response
to a painful stimulus and 4) normal response: vigorous (Clarke
and Paton 1987; Taylor et al. 1988; England and Clarke 1996;
De Rossi et al. 2009). Depth of sedation was rated according to
the following scale: 1) marked drowsiness with droopy eyelids,
drop of the head and reluctance to move, 2) drowsiness with
slightly droopy eyelids, lowering of head with nostril to the
elbow, 3) reduced alertness without clinical signs and 4)
absence of sedative effect (Taylor et al. 1988; De Rossi et al.
2009). Ataxia was assessed by the hindlimb position, swaying
and leaning against the chute or knuckling of the fetlocks of
the hindlimbs.

Statistical analysis
The data were calculated and analysed using analysis of
variance with an SAS computer software package4 (Anon
2006). Data for PR, RR, RT, sedation, analgesia, Hb, PCV%,
DLC%, serum glucose, creatinine, urea, AST and ALT were
grouped, analysed and summarised as mean � s.d. In each
analysis, the differences were considered significant if P<0.05.

Results

Sedative and analgesic effects
Moderate signs of sedation (score of 2) were observed at 1.33
� 1.33 and 1.16 � 1.44 min and continued for 105 � 3.32 and
86.33 � 3.88 min including drowsiness, slightly droopy eyelids,
lowering of head with nostril to the elbow after injection of
detomidine and romifidine, respectively (Table 1 and Fig 1).
Ataxia was pronounced or observed slightly following
detomidine and romifidine injection, respectively. Marked
sedation (score of 1) was observed at 0.83 � 1.16 and 1 �

1.16 min and continued for 135 � 5.88 and 86.33 � 3.88 min
after the combination of butorphanol with detomidine or
romifidine, respectively (Table 1 and Fig 1). Sedation signs
were observed including greater, prolonged and marked

drowsiness, droopy eyelids, greater drop of the head
with nostril to carpal joint and reluctance to move with
frequent urination following combination of butorphanol with
detomidine or combination of butorphanol with romifidine.
The analgesic effect was observed at 3.33 � 3.45 and 2 �

3.54 min and continued for 88 � 10.66 and 68.33 � 11.40 min
after injection of detomidine and romifidine, respectively. Signs
of analgesia were observed in the perineum, tail and skin of
the hindquarters in romifidine-treated donkeys, while the
analgesic effect of detomidine extended cranially to the last 3
ribs and in hindlimbs to the level of hock joints. Onset of
complete analgesia was observed at 2 � 3.57 min (score of 1)
and continued for 99 � 9.23 min in hindquarters and hindlimbs,
reaching to the hock joint with incomplete bilateral analgesia
extending to the last 2 ribs after injection of detomidine-
butorphanol. Intravenous injection of romifidine-butorphanol
induced analgesia of the perineum (score of 2) at 1.66 �

3.33 min, which continued for 87.66 � 8.40 min.

Effects on respiratory rate, rectal temperature
and pulse rate
Intravenous injection of detomidine reduced RR significantly
at 45 min until the end of the experiment. Romifidine
injection caused a significant decrease in RR at 45 min,
after that it was slightly increased. Respiratory rate decreased
significantly at 15 min in donkeys treated with detomidine-
butorphanol, while it decreased significantly at 75 minutes
after injection of romifidine-butorphanol (Table 2). Rectal
temperature decreased significantly at 45 min until the
end of the experiment in donkeys treated by i.v. injection
of detomidine or romifidine. Injection of butorphanol with
detomidine or romifidine caused a reduction in RT until the
end of the experiment. Pulse rate decreased significantly
in all donkeys treated by i.v. injection of detomidine,
romifidine, detomidine-butorphanol and romifidine-
butorphanol (Table 2).

Haematobiochemical and physiological evaluation
A significant reduction in Hb and PCV% values was observed
at 45 and 75 min after detomidine injection. Intravenous
injection of romifidine decreased Hb values significantly at 15
and 45 min and PCV%, neutrophil and eosinophil values were
reduced at 75 min. The detomidine-butorphanol combination
increased neutrophils and decreased eosinophils significantly
until the end of the experiment, while lymphocytes had
decreased significantly at 75 min (Table 3). Intravenous
injection of romifidine-butorphanol reduced Hb and PCV%
values significantly at 45 min, then increased gradually until

TABLE 1: Mean � s.d. values of onset and duration of sedation and analgesia following i.v. injection of 0.04 mg/kg bwt detomidine,
combination of 0.04 mg/kg bwt detomidine with 0.05 mg/kg bwt butorphanol, 0.08 mg/kg bwt romifidine, and combination of 0.08 mg/kg
bwt romifidine with 0.05 mg/kg bwt butorphanol in donkeys

Anaesthetic drugs

Sedation Analgesia

Onset (min) Duration (min) Onset (min) Duration (min)
mean � s.d. mean � s.d. mean � s.d. mean � s.d.

Detomidine 1.33 � 1.33A 105.00 � 3.32C 3.33 � 3.45A 88.00 � 10.66B

Detomidine-butorphanol 0.83 � 1.16D 135.00 � 5.88A 2.00 � 3.57B 99.00 � 9.23A

Romifidine 1.16 � 1.44B 86.33 � 3.88D 2.00 � 3.54B 68.33 � 11.40C

Romifidine-butorphanol 1.00 � 1.16C 112.33 � 7.40B 1.66 � 3.33C 87.66 � 8.40B

Means within the same column carrying different letters are significantly different at (P<0.05). No. of animals = 6; s.d. = standard deviation.
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the end of the experiment. Neutrophils showed a significant
increase at 75 min. Eosinophils were increased while
lymphocytes decreased significantly during the entire period
of the experiment (Table 3). A significant increase in serum
glucose level was observed after detomidine injection while
the urea level decreased significantly at 45 and 75 min.
Activity of ALT increased significantly at 45 and 75 min, while
the activity of AST exhibited a significant decrease at 45 min
after detomidine injection (Table 4). Intravenous injection of
detomidine-butorphanol caused an increase in the serum
glucose level, while values of urea decreased significantly at

45 min. Injection of detomidine-butorphanol caused a
significant increase in the creatinine level at 45 and 75 min. The
ALT activity increased at 15 min followed by a significant
decrease at 45 and 120 min. The AST activity showed a
significant decrease at 15 and 45 min after detomidine-
butorphanol injection (Table 4). Romifidine injection caused a
significant increase in serum glucose level, while the creatinine
value was decreased over the entire period of the experiment.
The ALT activity decreased significantly at 15 min, after that it
gradually increased. The AST activity showed a significant
increase at 45 and 120 min after injection. The serum glucose
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Fig. 1: Sedation and analgesia in donkeys following i.v. injection of 0.04 mg/kg bwt detomidine, 0.04 mg/kg bwt detomidine + 0.05 mg/kg
bwt butorphanol, 0.08 mg/kg bwt romifidine and 0.08 mg/kg bwt + 0.05 mg/kg bwt butorphanol.

TABLE 2: Mean � s.d. values of respiratory rate, rectal temperature and pulse rate following i.v. injection of 0.04 mg/kg bwt detomidine,
combination of 0.04 mg/kg bwt detomidine with 0.05 mg/kg bwt butorphanol, 0.08 mg/kg romifidine, and combination of 0.08 mg/kg bwt
romifidine with 0.05 mg/kg bwt butorphanol in donkeys

Anaesthetic drugs Time/min

Respiratory rate
(breaths/min)
mean � s.d.

Rectal temperature (°C)
mean � s.d.

Pulse rate (beats/min)
mean � s.d.

Detomidine Baseline 22.00 � 1.40 37.73 � 0.20 47.66 � 2.20
15 min 20.66 � 4.40 37.66 � 0.20 34.66 � 4.66*
45 min 17.33 � 5.40* 36.76 � 1.13* 37.33 � 6.57*
75 min 16.66 � 5.40* 36.40 � 1.15* 37.33 � 8.37*

120 min 14.00 � 2.57* 36.43 � 1.26* 39.66 � 8.17*
Detomidine-butorphanol Baseline 20.00 � 2.15 37.03 � 1.38 44.66 � 8.37

15 min 28.00 � 3.15* 36.66 � 2.15 28.00 � 3.15*
45 min 21.00 � 4.05 36.56 � 1.61 33.00 � 3.19*
75 min 21.00 � 3.15 36.46 � 1.61 34.00 � 3.19*

120 min 18.00 � 3.15 36.83 � 2.52 38.33 � 3.59*
Romifidine Baseline 23.66 � 2.88 37.63 � 1.14 44.00 � 3.15

15 min 20.66 � 2.88 37.43 � 1.25 38.00 � 3.18*
45 min 18.66 � 2.88* 36.73 � 1.14* 38.66 � 3.45*
75 min 19.00 � 2.57 36.63 � 1.15* 35.66 � 3.49*

120 min 21.00 � 3.57 36.70 � 1.36* 36.33 � 3.45*
Romifidine-butorphanol Baseline 22.00 � 2.57 37.30 � 2.51 41.00 � 2.57

15 min 20.00 � 3.52 37.20 � 2.57 35.00 � 2.57*
45 min 18.00 � 3.56 37.10 � 1.51 31.00 � 2.57*
75 min 17.00 � 3.54* 36.90 � 2.54 31.33 � 3.83*

120 min 19.00 � 3.57 37.00 � 2.53 33.66 � 3.33*

*Significantly different to the value before injection (P<0.05). No. of animals = 6; s.d. = standard deviation.
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and urea values exhibited a significant increase at 45 min after
injection of romifidine-butorphanol. Both ALT and AST activities
were decreased significantly at 15 min, after that the AST
activity showed a significant increase at 45 min after
romifidine-butorphanol injection (Table 4).

Discussion

Sedation, analgesic reactions to painful stimuli,
clinicophysiological values and haematological effects were
determined and evaluated in this investigation following i.v.

TABLE 3: Mean � s.d. values of Hb, packed cell volume percentage (PCV%) and differential leucocyte count percentage (DLC%) following
i.v. injection of 0.04 mg/kg bwt detomidine, combination of 0.04 mg/kg bwt detomidine with 0.05 mg/kg bwt butorphanol, 0.08 mg/kg bwt
romifidine and combination of 0.08 mg/kg romifidine with 0.05 mg/kg butorphanol in donkeys

Anaesthetic drugs Time/min
Hb (g/dl)

mean � s.d.
PCV%

mean � s.d.

DLC%
mean � s.d.

Neutrophil Eosinophil Lymphocyte Monocyte

Detomidine Baseline 10.3 � 0.83 33.3 � 4.77 44 � 4.86 11 � 4.51 39 � 9.07 2.3 � 2.66
15 min 9.4 � 0.86 30.3 � 3.76 47.6 � 4.45 9.6 � 3.88 36 � 4.55 4 � 2.52
45 min 7.73 � 0.27* 26.3 � 3.76* 43 � 6.46 12.6 � 3.6 39 � 5.64 2 � 2.57
75 min 8.3 � 0.54* 27 � 3.73* 45.3 � 8.8 11 � 4.55 38.6 � 3.88 3 � 2.20

120 min 10.1 � 0.91 29.6 � 2.33 42 � 8.7 12.3 � 4.8 38 � 7.63 4 � 2.00
Detomidine-butorphanol Baseline 10 � 0.55 37 � 2.59 35 � 2.58 18 � 2.51 44 � 3.55 2 � 2.57

15 min 11.2 � 0.52* 40 � 2.55 43 � 2.55* 10 � 2.58* 43 � 3.52 2 � 2.59
45 min 10.1 � 0.47 37 � 2.47 41 � 2.59* 12 � 2.47* 40 � 3.51 4 � 2.58
75 min 10.9 � 0.55* 39 � 2.58 41 � 2.47* 13 � 2.67* 39 � 2.55* 4 � 2.51

120 min 8.5 � 0.44* 32 � 2.53* 44 � 2.53* 10 � 2.57* 43 � 2.54 2 � 2.50
Romifidine Baseline 9.4 � 0.50 36 � 1.57 46 � 3.57 9 � 2.57 45 � 3.57 3 � 2.57

15 min 8.6 � 0.54* 30 � 2.59* 37 � 2.59* 4 � 2.47* 41 � 3.37 4 � 2.50
45 min 8.9 � 0.55* 29 � 2.58* 34 � 2.57* 2.3 � 2.37* 45 � 3.55 2 � 2.55
75 min 9.2 � 0.56 28 � 2.57* 37 � 2.55* 3 � 2.54* 37 � 3.58* 4 � 2.54

120 min 9.4 � 0.57 32 � 2.52 41 � 2.51 7 � 2.58 37 � 3.57* 3 � 2.47
Romifidine-butorphanol Baseline 9.9 � 0.59 31 � 2.58 38 � 2.55 7 � 2.57 52 � 2.59 2 � 2.58

15 min 8.7 � 0.56* 27 � 2.54 36 � 2.54 18 � 2.87* 45 � 2.50* 2 � 2.56
45 min 8.4 � 0.55* 26 � 2.59* 36 � 2.58 15 � 2.47* 43 � 2.52* 2 � 2.47
75 min 8.6 � 0.58* 27 � 2.45 45 � 2.47* 9 � 2.47* 36 � 2.47* 2 � 2.67

120 min 10.6 � 0.47* 32 � 2.57 36 � 2.67 12 � 2.58* 45 � 2.54* 4 � 2.54

*Significantly different to the value before injection (P<0.05). No. of animals = 6; s.d. = standard deviation.

TABLE 4: Mean � s.d. values of glucose, urea, creatinine, alanine aminotransferase (ALT) and aspartate (AST) following i.v. injection of
0.04 mg/kg bwt detomidine, combination of 0.04 mg/kg bwt detomidine with 0.05 mg/kg bwt butorphanol, 0.08 mg/kg bwt romifidine,
and combination of 0.08 mg/kg bwt romifidine with 0.05 mg/kg bwt butorphanol in donkeys

Anaesthetic drugs Time/min

Glucose
(mg/dl)

mean � s.d.

Urea
(mg/dl)

mean � s.d.

Creatinine
(mg/dl)

mean � s.d.

ALT
(m/l)

mean � s.d.

AST
(m/l)

mean � s.d.

Detomidine Baseline 84 � 2.77 30 � 1.47 0.83 � 0.15 10 � 2.55 108 � 2.67
15 min 108 � 2.50* 28 � 1.67 0.60 � 0.11 12 � 2.50 94 � 2.47*
45 min 134 � 2.56* 20 � 1.66* 0.52 � 0.15 14 � 2.56* 90 � 2.50*
75 min 140 � 2.51* 24 � 1.59* 0.90 � 0.15 16 � 2.52* 116 � 2.55*
120 min 142 � 2.53* 29 � 3.47 0.88 � 0.16 13 � 2.59 128 � 2.59*

Detomidine-butorphanol Baseline 87 � 2.50 27 � 2.57 0.97 � 0.15 19 � 3.50 95 � 2.67
15 min 115 � 2.56* 27 � 2.67 0.95 � 0.15 23 � 2.59 88 � 2.77*
45 min 142 � 2.56* 21 � 2.77* 3.86 � 0.15* 12 � 2.52* 73 � 2.67*
75 min 256 � 2.51* 24 � 2.47 3.57 � 0.15* 21 � 2.47 100 � 2.59*
120 min 197 � 2.57* 25 � 2.67 1.03 � 0.13 14 � 2.67* 98 � 2.50

Romifidine Baseline 75 � 2.56 30 � 2.57 0.90 � 0.47 17 � 2.77 85 � 2.56
15 min 105 � 2.58* 32 � 2.67 0.50 � 0.16* 10 � 3.59* 84 � 2.59
45 min 120 � 2.56* 29 � 2.66 0.52 � 0.15* 14 � 3.51 95 � 2.50*
75 min 135 � 2.50* 34 � 2.58 0.62 � 0.15* 14 � 3.53 83 � 2.67
120 min 140 � 3.15* 28 � 2.53 0.50 � 0.17* 15 � 3.55 94 � 2.37*

Romifidine-butorphanol Baseline 79 � 2.48 34 � 3.57 0.86 � 0.16 17 � 2.47 87 � 2.50
15 min 85 � 2.55* 32 � 3.59 0.76 � 0.15 12 � 2.50* 69 � 2.55*
45 min 105 � 2.59* 39 � 3.58* 0.83 � 0.15 17 � 2.54 95 � 2.59*
75 min 110 � 2.52* 36 � 3.77 0.83 � 0.15 16 � 2.46 74 � 2.58*
120 min 92 � 2.55* 32 � 3.57 0.79 � 0.15 20 � 2.57 86 � 2.51

*Significantly different to the value before injection (P<0.05). No. of animals = 6; s.d. = standard deviation.
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injection of detomidine, detomidine-butorphanol, romifidine
and romifidine-butorphanol. The onset of sedation was 1.33 �

1.33 and 1.16 � 1.44 min after i.v. injection of detomidine and
romifidine, respectively. The duration of sedation exhibited
a significant difference (105 � 3.32 min) (P<0.05) after
detomidine injection compared with duration of sedation
induced by romifidine (86.33 � 3.88 min). The sedated donkeys
showed a greater degree of head dropping, although there
have been significant variations in previous studies (England
et al. 1992; Nouh and Abdel-Wahed 2000). Intravenous
injection of a2-agonists provides excellent muscle relaxation,
dropping of head, neck, ears and lips, protrusion of penis and
relaxation of the anal sphincter (Hamm et al. 1995; England
and Clarke 1996; Nouh and Abdel-Wahed 2000). Frequent
urination and watery salivation have been observed in
standing donkeys with similar frequency after i.v. injection of
detomidine or romifidine (Vainio 1985). In this study, greater
ataxia was observed as a common manifestation of sedation
following i.v. injection of detomidine (England and Clarke
1996). Sedation in donkeys has been shown to be effective in
a quiet environment without any stimulation such as noise or
flies which may lead the animal to kick (Short 1992). Failure
of sedation occurred when the level of endogenous
catecholamines increased due to any stress or excitement,
which interferes with a2-agonists and induces reduction in the
excitatory neurotransmitter release (Sinclair 2003). In our study,
deep muscle pinprick stimuli were considered an appropriate
test for complete analgesia in donkeys (Kerr et al. 1972; Oijala
and Katila 1988; De Rossi et al. 2009). The combination of
a2-agonists with butorphanol produced satisfactory analgesic
effects when used in sufficient doses (Spadavecchia et al.
2007). Detomidine has the longest potency and greatest
specificity at the centre of the a2-adrenoceptor sites and in the
present study detomidine injection produced a longer
duration of analgesia (88 � 10.66 min) than romifidine (68.33 �

11.40 min) (Virtanen and MacDonald 1985). Intravenous
injection of romifidine in donkeys induced analgesia in the
perineum, tail and skin of hindquarters, whereas detomidine
induced analgesia in the perineum, tail and skin of
hindquarters, and it extended cranially to the last 3 ribs. The
sedative effect of a2-agonists lasted longer than the analgesic
effects (Nilsfors et al. 1989; Short 1992). Intravenous injection of
butorphanol with detomidine or romifidine induced the most
rapid onset and longest duration of sedation and analgesia in
donkeys compared to i.v. injection of each drug alone. These
effects may be the result of a synergistic effect of the 2 drugs
(Thurmon et al. 1996; Joubert et al. 1999; De Rossi et al. 2009).
Greater ataxia was observed after combination of
butorphanol with a2-agonists (Clarke and Paton 1987; Taylor
et al. 1988), while the combination of romifidine with
butorphanol induced a slightly significant ataxia (Browning
and Collins 1994). The response to audiovisual stimuli
decreased after the combination of butorphanol with
a2-agonists (Thurmon et al. 1996). In the present investigation,
i.v. injection of romifidine-butorphanol decreased the
respiratory rate significantly (P<0.05) (Clarke et al. 1991;
Selmi et al. 2002). The significant reduction in respiratory
rate might be attributed to central nervous system (CNS)
depression produced by a2-adrenoceptor stimulation
(Reitemeyer et al. 1986). Detomidine injection induces a slight
respiratory stimulation in horses (Vainio 1985). Intravenous
injection of romifidine decreased the respiratory rate at 45 min.
Detomidine or romifidine injections caused a significant

reduction in rectal temperature, which might be attributed to
CNS depression and a decrease in muscular activity (Virtanen
1989). The a2-agonists allow a better maintenance of body
temperature due to peripheral vasoconstriction and central
redistribution of the blood with a consequent reduction in
cutaneous heat loss (Sinclair 2003). In this study, the pulse rate
decreased significantly in all treated donkeys during the
observation period of the experiment (England and Clarke
1996; El-Kammar and Gad 2008). The a2-agonists induced a
vagally-mediated reflex bradycardia secondary to an
increase in arterial blood pressure and partly from direct
central sympathetic depression (Kerr et al. 1972). In the present
study, following i.v. injection of detomidine the Hb and PCV%
significantly decreased at 45 and 75 min then gradually
increased at the end of experiment (Nouh and El-Ashmawy
1996). In our investigation, insignificant changes in DLC% and
creatinine value were found (Mostafa et al. 1995). A significant
change in urea, ALT and AST activities was observed after
detomidine injection. The Hb value and PCV% showed a
significant decrease after romifidine injection (Nouh and
Abdel-Wahed 2000). Donkeys with hepatic or renal problems
must be observed carefully before i.v. injection of romifidine as
this has a significant effect on creatinine levels, ALT and AST
(Sinclair 2003). Urea level was decreased significantly at 45 min
following detomidine-butorphanol combination then it
increased gradually, while its level after injection of romifidine-
butorphanol was significantly increased at 45 min, then it
gradually decreased. The value of creatinine showed a
significant increase at 45 and 75 min after detomidine-
butorphanol and an insignificant decrease after romifidine-
butorphanol. On the other hand, Abu-Ahmed (2007) reported
a significant decrease in creatinine and urea levels following
injection of a combination of detomidine-butorphanol or
romifidine-butorphanol, subsequently their levels increased
gradually until reaching its baseline value. The previous
findings may be the result of some alteration in renal function
following vasodilatation exerted by released histamine and
reduced adrenergic tone leading to a reduction in cardiac
output, which causes apparent changes in renal function
(Fengyun et al. 2002). A significant increase in serum glucose
levels was found after i.v. injection of detomidine-butorphanol
or romifidine-butorphanol (England and Clarke 1996;
El-Kammar and Gad 2008).

Conclusion
Intravenous injection of a combination of detomidine-
butorphanol or romifidine-butorphanol produced potent
neuroleptanalgesic effects; providing better, safe and
effective sedation with complete analgesia in standing
donkeys compared with injection of detomidine or romifidine
alone. The changes and reduction in pulse rate were within
acceptable limits. The changes in clinicophysiological,
haematological and biochemical values were mild and
transient in these clinically healthy donkeys.
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Summary
The recent adaptation of human computed tomography (CT)
machines to enable scanning of the equine head via standing
sedation has revolutionised our ability to acquire images of this
complex anatomical region. There are a small number of CT
systems installed worldwide and it is to be expected that this
will increase in the next few years; however, currently, there is
no publication that describes the technical set-up required to
permit CT scanning of the equine head. This paper describes
the technical set-up, technique and exposures necessary to
accomplish CT scanning of the horse under standing sedation
to diagnose disorders of the equine head.

Introduction
Computed tomography (CT) is an established imaging
modality for diagnosing diseases affecting the equine head
(Solano and Brawer 2004). The recent ability to perform CT
examinations in horses via standing sedation has revolutionised
our ability to image the head and cranial neck without the
requirement for general anaesthesia (Kinns and Pease 2009).
The pioneering adaptation of a human CT machine for use
in the standing sedated horse was designed and developed
by the late Alastair Nelson of Rainbow Equine Hospital in
North Yorkshire. Computed tomography has numerous
advantages over conventional radiography of the equine
head. Firstly, radiography provides limited information due
to superimposition of multiple anatomical structures within
the head, making interpretation challenging (Weller et al.
2001). This limitation is overcome with the advent of
tomographic imaging modalities. Computed tomography
produces cross-sectional images providing detailed
anatomical information where multiple soft tissue and bony
structures are superimposed and consequently is more
sensitive to changes in density compared to radiography
(Barbee et al. 1987). Furthermore, CT provides a higher degree
of contrast resolution for the soft tissues of the head with the
added advantage of being able to perform 3D multiplanar
reconstructed images in sagittal, transverse and dorsal planes.
Many conditions have been successfully diagnosed using CT
including dental, sinus, orbital and temporomandibular joint
pathology, diseases of the central nervous and endocrine
systems, investigation of head shaking, and traumatic injuries
to the head (Morrow et al. 2000; Windley et al. 2009; Lacombe
et al. 2010; Fiske-Jackson et al. 2011). Furthermore, this

advanced imaging modality is also a valuable clinical tool for
assisting surgical planning for procedures on the equine head
such as paranasal sinus surgery and in obtaining post
operative images (Witte and Perkins 2011).

Technical set-up

CT room and scanner
The CT room should be approximately 9 m long, 5 m wide and
4 m high to accommodate the scanner, equine platform and
the horse. The location of the CT room should be distant from
populated areas of the hospital and the doors to the CT room
are lead lined. The CT room should be well insulated such that
it is not affected by temperature extremes, which will adversely
affect machine function. It is preferable to maintain the
temperature of the CT room at 20–28°C with humidity of
30–60%. A requirement of 7.1 kW peak heat output is necessary
to support the equipment in the CT scanning room. A standard
bore CT machine (70 cm diameter) can be used to image up
to C3–4 depending upon the size of the horse (Fig 1a).
Scanners with larger bores (currently up to 90 cm) are
available and may enable imaging of the mid neck region;
however, currently, none of these large bore scanners are
available for standing horses. Even with larger bores the trunk
and shoulders of the horse will limit access to the caudal neck
region. Compared to conventional human CT, with the
standing equine system, the CT gantry is reversed to
accommodate the equine platform and the horse walks down
a non-slip ramp and stands on a platform within a pit. Other
standing CT systems in the UK utilise a plinth whereby the CT
scanner is raised off the floor, circumventing the requirement
for a pit.

Equine platform
Computed tomography images are generated by an x-ray
beam that rotates in a circular gantry around the standing
horse whereby the patient platform moves. The equine
platform is connected to the human patient CT table on which
the horse’s head rests (Figs 1a–c). The equine platform is
rectangular in shape measuring 2.60 × 0.88 m, with an
extension at the back of the platform that can be raised while
scanning and also permits reverse movements of the bed for
patient positioning within the CT gantry (Fig 2a,b). The platform
consists of a metal frame and the base is covered with a
rubber surface to prevent the horse from slipping. The side bar
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can be easily removed to facilitate ease of the entry,
positioning and exit of the horse on the platform and when
both sidebars are in situ they provide stocks for the horse to
stand in. Air castors are fixed to the underside of the equine
platform at each corner and run within metal runners to keep
them straight and provide a smooth surface for the air castors
to function on. The air castors work in a similar manner to a
hovercraft, lifting the bed by expelling air at pressure to
minimise friction and hence enable the motor of the human CT
table to pull the weight of the horse during scanning (Fig 2b).
The air supply to the platform is provided by a compressor
situated outside the CT room. Air is supplied to the castors via
piping and controlled by a pressure gauge; 2–3.5 bar is
required for horses weighing 400–800 kg. The compressor is
situated outside because of the noise it generates during use.

The standing CT set-up can be modified by removing the
standing equine platform, replacing this area with a
temporary floor and utilising a separate bed to permit imaging
of the equine patient under general anaesthesia for imaging
of the head to the mid neck (in a 500 kg horse) (Fig 2c) or distal
limbs. A recovery box adjacent to the CT machine can be
used to sedate horses for standing CT and has the added
advantage that it can be used to anaesthetise horses for CT
under general anaesthesia.

Scanning procedure

Equipment preparation
In-house personnel should run a full calibration on a monthly
basis to maintain correct functionality of the CT equipment.
Prior to image acquisition, machine-specific calibration
and warm-up protocols should be followed; this takes
approximately 30 min. A fast calibration and tube warm-up

should be performed on a daily basis only if the machine is to
be used for scanning. Tube warm-up and calibrations greatly
reduce tube life; therefore they should only be carried out on
days when scans are to be performed. We have found that
non-patient tube usage accounts for approximately 6.4% of
tube life in our machine.

Horse preparation and sedation
Standing CT can be conducted using an outpatient or
inpatient scheme although a clinical examination of the horse
should always be conducted prior to imaging, including
respiratory rate, cardiac auscultation and temperature. Stable
bandages and over-reach boots are placed on all distal limbs
for protection during patient positioning and scanning. A
catheter should be placed in the jugular vein to provide
instant intravenous access for repeat sedation. Either
intravenous (0.44 mg/kg bwt) or intramuscular sedation with
acepromazine (30 min prior to examination) followed by
intravenous injection of detomidine (10 μg/kg bwt) and
butorphanol tartrate (0.1 mg/kg bwt) are administered prior to
walking the horse down the ramp and onto the patient
platform. A head collar should be substituted for a rope or
webbing halter to avoid metal image artefacts. The horse
should be carefully positioned on to the platform with its feet
as close to the gantry edge of the platform as possible,
standing square on all 4 limbs to ensure equal weight
distribution on the platform when it is moving. Once the horse
is standing quietly, additional detomidine and butophanol are
administered i.v. to induce profound sedation. Cotton wool
can be placed in to the horse’s ears to reduce the noise
generated by the rotating gantry and blinkers fitted to restrict
the horse’s field of view. Once the horse is sedated, the head
is extended onto the CT bed, the head positioned in a cradle

a) b)

c) d)

Fig 1: a) Computed tomography
(CT) examination of the equine
head and neck can be performed
with a fixed CT with the patient
standing on an air platform in a pit in
front of the CT gantry. b) A cradle
can be placed on the human
patient table to stabilise the horse’s
head during CT scanning. c) The
horse’s head positioned within the
CT gantry. The cradle and sand bag
provide extra stability during CT
scanning. d) Position of personnel in
the CT room during scanning, the
horse handler stands at the side of
the machine and the operator of the
air supply to the patient platform
stands behind a lead screen.

© 2014 EVJ Ltd

209EQUINE VETERINARY EDUCATION / AE / APRIL 2014



(Fig 1b,c) and sand bags placed over the neck, both of which
serve to improve stability during scanning. A side bar is then
secured to the platform to prevent the horse moving sideways.
A fluid filled syringe can be placed on one side of the horse’s
head to identify the left or right side of the horse’s head.

Personnel and radiation safety
It is necessary for an experienced handler to be present during
image acquisition to hold the horse. The handler is positioned
at the side of the CT machine during scanning wearing a lead
gown and thyroid protector. Some CT machines have an
emergency air shut off outside the CT room. However, if the air
shut off is inside the CT room it is necessary for the horse to be
monitored by an additional person who can promptly turn off
the airflow to the platform if the horse suddenly moves during
scanning. This person should stand behind a lead shield
(2.24 mm Pb equivalent thickness), wearing a 0.5 mm lead
gown and thyroid protector as shown in Fig 1d. Figure 3
illustrates the CT dose contours and positioning of personnel
during image acquisition in the standing horse. The high
exposures used during CT scanning present a radiation safety
concern and staff should be regularly rotated and dosimeter
results carefully monitored. Average exposures recorded
during image acquisition at different sites in the CT room are
listed in Table 1. The maximum annual dose as specified in the
Ionising Radiation Regulations (1999) is 20 mSv for medical
personnel, and the recorded dosimeter readings for our staff

fall well below the stipulated limit. The greatest potential risks of
using standing CT are physical injury to the horse or personnel
during positioning of the horse on the equine platform or
during the scanning procedure.

Image acquisition
The area of clinical interest will dictate the extent of the
scan. For a 500 kg horse with suspected dental or sinus
pathology, the starting point is positioned caudal to the
temporomandibular joint and the scan length is approximately
30 cm rostrally. To scan the brain, the starting slice is placed on
C1 with a scan length of approximately 25 cm depending
upon the size of the horse. Once the position of the scan is
confirmed, the room is cleared of additional personnel and
the scan can commence once the horse handler is safely
positioned. Pilot (scout) scans are not usually conducted since
the associated rapid table movement is not possible with the
set-up. Unless the horse is heavily sedated, head position is
liable to change from scan to scan, making pilot imaging
and narrow field of view planning of limited use. With
adequate horse positioning, some form of head stabilisation
and use of a wide field of view, clinical scans can be
accomplished without pilot scans or heavy sedation protocols.
However, disadvantages of using a wide field of view include
reduction in image resolution and larger ionisation radiation
exposure compared to a smaller field of view.

a) b)

c)

Fig 2: a) The layout of the equine platform illustrating the base on
which the patient stands, ramp and metal sidebars. b) The horse is
positioned on the equine platform and air castors permit smooth
frictionless movement of the patient through the CT gantry. During
scanning the ramp is lifted for additional security. c) The set-up for
CT under general anaesthesia to facilitate imaging of the head and
neck.
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Exposures vary with the area of interest, the size of the horse
and between CT scanners, e.g. for a horse with suspected
dental disease an exposure of 120 kVp and 200 mA can be
used to image the equine head. Slice thickness is typically
1.25 mm, although selecting the most suitable slice thickness is
a balance between spatial resolution, noise, CT tube heat
capacity and scan duration (also table velocity has to be kept
relatively low). By decreasing slice thickness, both spatial
resolution and scan time are increased, thus necessitating a
higher anode heat capacity. As scan time increases, the
probability of horse motion increases and thus the possibility of
a nondiagnostic scan. Heat capacity determines the number

of sequential acquisitions that can be performed, which is
important in situations where patient demeanour necessitates
multiple acquisitions. With a 16 slice GE Lightspeed modified CT
machine, we have found that a minimum slice thickness of
1.25 mm, and the tube rotation time (1.0 s) is optimal for our CT,
providing adequate spatial resolution, a scan duration of
approximately 30 s and a scan length of 35 cm. These
parameters are more than adequate to cover the majority of
clinical cases at our institution. Upon completion of the CT
scan the images are evaluated to ensure they are of
adequate diagnostic quality and without movement artefact.
The air supply to the patient platform is turned off, the platform
is reversed and side bar removed so the horse can be safely
returned to the recovery box. The jugular catheter(s), cotton
wool from the ears, blinkers, bandages and over reach boots
are removed. The horse can then be left in a stable with feed
withheld to recover from the sedation.

Computed tomography algorithms
Raw data are the values acquired from each detector during
a CT scan. After the raw dataset has been acquired, a series of
steps are undertaken by the CT software to create diagnostic

Technque
140 kV
100 mA
1 Sec
4 × 5.00 mm

50 Inches
127 cm0

Technician 2

Technician 1

0.33 0.65 1.3 2.6

2.6 1.3 0.65 0.33
Horse on equine platform

HEAD PHANTOM
ISO-Contour Levels: 0.33, 0.65, 1.3 and 2.6 μGy/Scan

Fig 3: Diagram illustrating the computed tomography dose contours and the position of personnel in the room during standing computed
tomography examination of the horse’s head. Technician 1 stands at the side of the machine holding the horse, whilst Technician 2
operates the air supply to the equine platform, standing behind a lead screen. Both personnel wear lead gowns and thyroid protectors.

TABLE 1: Average exposures from 5 examinations during standing
computed tomography (CT) of the equine head

Location within the CT room Exposure (μSv)

Under lead gown behind lead screen 0
Over thyroid collar behind lead screen 1.0
Side of the CT machine – horse handler’s hand 1.5
Side of the CT machine over thyroid cover 5.0
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images (generally culminating in filtered back-projection to
generate a visible image). Some steps, such as calibration for
alterations in the tube output and for beam hardening are
universal and cannot be user adjusted. During image
reconstruction, different convolution filters are applied to the
data, and these can be selected according to the
characteristics of the tissues of interest. These convolution filters
(or kernels) are often given standard names, such as bone,
sharp, standard, soft or brain filters, representing both the type
of filtration and optimisation for the specific tissue type. It is
important to match both the CT technique (exposure,
collimation or slice selection) and the convolution filter, to the
area of interest. A bone kernel will emphasise sharp details in
typically high-contrast areas, such as the paranasal sinuses. A
brain kernel is optimised to enhance contrast in inherently
low-contrast areas such as the brain, and to remove significant
edge-enhancement from areas that are in close proximity to
the calvarial margins. Soft or standard kernels are generally
designed to enhance differences between soft tissues,
allowing better identification of non-bony anatomy.
Evaluating bony structures with a soft tissue kernel will result in
lower spatial resolution and blurred margins. Conversely,
evaluating soft tissue structures with a bone kernel will result in
excessive noise and decreased soft tissue detail. As
convolution filters are applied to the raw dataset, a CT scan
can be reconstructed retrospectively using a different
convolution filter. This is especially useful if evaluation of a
different tissue of interest is required, without performing a
second scan, if the area of interest was included on the initial
acquisition.

Contrast CT
The use of contrast enhanced CT to evaluate the equine head
has been previously described (Chalmers et al. 2006; Kinns and
Pease 2009; Powell 2010). Intravenous contrast studies are
indicated if a brain lesion is suspected, e.g. in horses showing
neurological deficits that point towards a brain localisation.
Contrast studies can also be used to verify the extent of a
draining tract or its communication with other structures.
Iodinated contrast agents localise in regions of increased
vascularity demonstrating hyperattenuation, which is useful to
identify abnormal tissues that may not be not evident
precontrast. Due to the rapidity of injection that is required,
large bore (10 gauge) catheters are placed in each jugular
vein and extension sets and 3-way taps are fitted after
positioning of the horse’s head in the CT gantry. Iodine based,
positive contrast media such as Urografin (370 mg I/ml; 1 ml/kg
bwt) can be administered i.v. in prefilled 50 ml syringes by
syringe drivers or personnel standing either side of the horse.
The cost of the high volume of nonionic contrast agents
required precludes their use for standing CT. Image acquisition
commences immediately after personnel administering the
contrast medium have vacated the room. It is crucial that
the horse does not move during image acquisition after the
administration of contrast medium, otherwise the study will
have to be aborted. We have conducted over 30 i.v. contrast
studies in horses having standing CT examinations and have
not experienced adverse reactions associated with the
administration of contrast medium at the dose used.

Image processing
The CT images can be viewed and reconstructed using
scanner dedicated software or generic DICOM viewers. There

are multiple commercial and freeware software available,
e.g. Osirix for Mac, eFilm, Clear Canvas, K-Pacs for Windows,
Gingko CADx for Linux, as well as other software that is used for
non-DICOM image viewing such as Irfanview or ImageJ (NIH).
Multiplanar reconstructions can be performed in sagittal,
transverse and dorsal planes and aligned to overcome any
obliquity of the horse’s head in the CT gantry and to view the
area of interest in different planes. Other techniques such as
3D volume rendering, maximum intensity projection, minimum
intensity projection, curved multiplanar reconstruction, virtual
endoscopy and image segmentation can be performed.
These techniques have established diagnostic yield in thoracic
(Salvolini et al. 2000; Lawler and Fishman 2001), angiographic
(Jayaraman et al. 2004), musculoskeletal (Kuszyk et al. 1996;
Falchi and Rollandi 2004) and abdominal imaging (Horton and
Fishman 2002). These techniques can be applied to CT
datasets of the equine head and may allow efficient
dissemination of relevant clinical information to the clinician
and client. The advantage of these techniques over axial
imaging in achieving a diagnosis in equine CT has not been
evaluated.

Computed tomographic images possess over 4000 shades
of grey (Saunders and Schwarz 2011), while the human eye is
limited to under 200. CT images can be adjusted to evaluate
specific tissue types and the greyscale window/level should be
matched to the attenuation of the organ of interest. A bone
window is most suitable for evaluation of osseous structures,
whereas an abdomen window provides better anatomical
detail of soft tissues. The CT attenuation value of a structure
(Hounsfield unit [HU] or CT number) can be used to determine
the likely composition of that tissue. For example, water has a
value of 0 HU compared to air, which is -1000 HU. Computed
tomography has improved contrast resolution compared to
radiography. Structures that are close in terms of their density
may appear of similar radiopacity on radiographs, and
therefore indistinguishable, but close evaluation of their CT
attenuation may allow differentiation. Muscle, with an
attenuation of between 40–60 HU, can be differentiated from
fluids (0–30 HU) to a certain degree. Differentiation of
paranasal sinus fluid accumulation from soft tissue mass can
also be made after careful inspection of the attenuation, in
combination with other diagnostic imaging findings.
Administration of i.v. contrast medium will help ease the
distinction between non-contrast enhancing fluid and
contrast-enhancing, vascularised normal anatomy or
pathology.

Image artefacts
Artefacts commonly occur with CT and influence the
diagnostic quality of CT images. The caudal head is
susceptible to beam hardening artefact due to the presence
of the dense petrous parts of the temporal bones and at the
border between the tooth roots and the alveolar bone. This
physics-based artefact occurs when the least energetic
photons within the x-ray beam are absorbed and the
effective, average kVp of the continuing beam increases,
resulting in black bands or streaks across the image (Kinns and
Pease 2009). Manufacturers limit beam hardening by using
filtration (prehardening the beam prior to patient interaction),
phantom calibration correction (predetermined adjustment of
attenuation deviations obtained from a standard phantom)
and software hardening correction (applied during
reconstruction) to minimise the appearance of these artefacts
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c) d)
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Fig 4: Panel of standing computed tomography (CT) images illustrating normal anatomy of the equine head. a) Transverse CT image of
an adult equine head at the level of the temporomandibular joint. b) Transverse CT image of an adult equine head at the level of the
sphenopalatine sinus. c) Transverse CT image of an adult equine head at the level of ethmoid labyrinth. d) Transverse CT image of a mature
equine head at the level of the rostral maxillary sinus.
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a) b)

c) d)

Fig 5: Panel of standing computed tomography (CT) images illustrating pathology of the equine head. a) Transverse CT image of an adult
equine head at the level of ethmoid labyrinth. There is a large, irregularly shaped, heterogeneous soft tissue attenuating mass causing
obliteration of the left ethmoid turbinates and extending into the dorsal aspect of the nasopharynx. The mass was identified as an ethmoid
haematoma. b) Transverse CT image of an adult equine head at the level of ethmoid labyrinth. There is a 10 × 8 cm diameter expansile
soft tissue mass occupying the left caudal maxillary sinus, confined by the nasal septum, the orbital lamella of the frontal bone, and frontal
bone proper. There is marked variable patchy mineralisation of the entire mass. The mass extends partially into the left frontal sinus. There
is lateral bulging of the orbit with exophthalmos of the left eye. There is flattening of the medial aspect of the orbit, ventral displacement
of the infraorbital canal and the left ethmoturbinates are poorly defined. The mass was identified as an ossifying fibroma on histopathology.
c) Transverse CT image of a mature equine head at the level of the temporomandibular joint. There is a nonhealing comminuted open
fracture of the right mandible that extends proximally to the mandibular condyle where it appears to widen into a vacuole like lucency,
that opens laterally. There is irregular, hazy new bone formation along the edges of the vertical mandibular ramus, more pronounced
axially. There is marked soft tissue swelling. Findings were consistent with secondary infectious osteitis, surrounding soft tissue infection and
sequestrum formation. d) Transverse CT image of an adult equine head at the level of the rostral maxillary sinus. There is a sagittal fracture
of tooth 107, which is displaced laterally, with soft tissue attenuating material between the medial and lateral tooth fragments. Within the
pulp cavity of 107 there is a small pocket of gas attenuation, consistent with pulpitis.
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(Barrett and Keat 2004). These elements are intrinsic to a
particular system and cannot usually be altered. Because
beam hardening is caused in part by increased average
beam energy, the user can minimise this artefact by increasing
the average beam energy (increasing the kVp) (Douglas-
Akinwande et al. 2006; Stradiotti et al. 2009). Streaks and
bands can also arise from photon starvation artefact where
the size of the horse can prevent adequate x-ray photons from
reaching the detector. Motion artefacts often manifest as
blurring of the image, necessitating repetition of the scan.
Partial volume averaging is an example of an artefact
that can occur when a dense object lying off centre partially
protrudes into the width of the x-ray beam, resulting in blurring
of the object margins or the appearance of shading
artefacts (Barrett and Keat 2004). Anatomical sites with abrupt
contours are susceptible to partial volume averaging. Such
artefacts can be overcome by using thin slices during image
acquisition.

Computed tomography anatomy of the equine head
Examples of head CT images from normal horses are shown in
Figures 4a–d. Images illustrating pathological conditions of the
equine head are shown in Figures 5a–d. The most frequent
conditions identified by standing CT of the horse’s head in our
referral population include primary sinusitis, periapical tooth
infection, ethmoid haematoma, soft tissue mass within the
sinuses, sinus cyst and fractures of the skull or teeth.

Conclusions
Standing CT of the equine head can be conducted in a safe
and efficient manner and provides many advantages over
radiography, circumventing the requirement for general
anaesthesia. The ability to perform standing CT in equine
patients provides valuable information with respect to the
diagnosis, prognosis and surgical planning associated with
multiple pathological clinical conditions of the horse’s head.
Further studies are required to report the frequency of
pathological conditions affecting the equine head and neck.

Authors’ declaration of interests
No conflicts of interest have been declared.

References
Barbee, D., Allen, J. and Gavin, P. (1987) Computed tomography in

horses - technique. Vet. Radiol. Ultrasound 28, 144-151.

Barrett, J.F. and Keat, N. (2004) Artifacts in CT: recognition and
avoidance. Radiographics 24, 1679-1691.

Chalmers, H.J., Cheetham, J., Dykes, N.L. and Ducharme, N.G. (2006)
Computed tomographic diagnosis – stylohyoid fracture with
pharyngeal abscess in a horse without temporohyoid disease. Vet.
Radiol. Ultrasound 47, 165-167.

Douglas-Akinwande, A.C., Buckwalter, K.A., Rydberg, J., Rankin, J.L.
and Choplin, R.H. (2006) Multichannel CT: evaluating the spine in
postoperative patients with orthopedic hardware. Radiographics
26, Suppl 1, S97-110.

Falchi, M. and Rollandi, G.A. (2004) CT of pelvic fractures. Eur. J. Radiol.
50, 96-105.

Fiske-Jackson, A.R., Pollock, P.J., Witte, T.H., Woolford, L. and Perkins, J.D.
(2011) Fungal sinusitis resulting in suspected trigeminal neuropathy
as a cause of headshaking in five horses. Equine Vet. Educ. 24,
126-133.

Horton, K.M. and Fishman, E.K. (2002) Volume-rendered 3D CT of the
mesenteric vasculature: normal anatomy, anatomic variants, and
pathologic conditions. Radiographics 22, 161-172.

Ionising Radiation Regulations (1999) SI 1999/3232 Stationery Office
1999. ISBN 0110856147.

Jayaraman, M.V., Mayo-Smith, W.W., Tung, G.A., Haas, R.A., Rogg, J.M.,
Mehta, N.R. and Doberstein, C.E. (2004) Detection of intracranial
aneurysms: multi-detector row CT angiography compared with
DSA. Radiology 230, 510-518.

Kinns, J. and Pease, A. (2009) Computed tomography in the evaluation
of the equine head. Equine Vet. Educ. 21, 291-294.

Kuszyk, B.S., Heath, D.G., Bliss, D.F. and Fishman, E.K. (1996) Skeletal 3-D
CT: advantages of volume rendering over surface rendering.
Skeletal Radiol. 25, 207-214.

Lacombe, V.A., Sogaro-Robinson, C. and Reed, S.M. (2010) Diagnostic
utility of computed tomography imaging in equine intracranial
conditions. Equine Vet. J. 42, 393-399.

Lawler, L.P. and Fishman, E.K. (2001) Multi-detector row CT of thoracic
disease with emphasis on 3D volume rendering and CT
angiography. Radiographics 21, 1257-1273.

Morrow, K.L., Park, R.D., Spurgeon, T.L., Stashak, T.S. and Arceneaux, B.
(2000) Computed tomographic imaging of the equine head. Vet.
Radiol. Ultrasound 41, 491-497.

Powell, S.E. (2010) Use of multi-detector computed tomographic
angiography in the diagnosis of a parapharyngeal aneurysm in a
6-week-old foal. Equine Vet. J. 42, 270-273.

Salvolini, L., Secchi, E.B., Costarelli, L. and de Nicola, M. (2000) Clinical
applications of 2D and 3D CT imaging of the airways – a review.
Eur. J. Radiol. 34, 9-25.

Saunders, J. and Schwarz, T. (2011) Principles of CT Image Interpretation,
Veterinary Computed Tomography, Wiley-Blackwell, Chichester,
Sussex, UK.

Solano, M. and Brawer, R.S. (2004) CT of the equine head: technical
considerations, anatomical guide, and selected diseases. Clin.
Tech. Equine Pract. 3, 374-388.

Stradiotti, P., Curti, A., Castellazzi, G. and Zerbi, A. (2009) Metal-related
artifacts in instrumented spine. Techniques for reducing artifacts in
CT and MRI: state of the art. Eur. Spine J. 18, Suppl 1, 102-
108.

Weller, R., Livesey, L., Maierl, J., Nuss, K., Bowen, I.M., Cauvin, E.R.,
Weaver, M., Schumacher, J. and May, S.A. (2001) Comparison of
radiography and scintigraphy in the diagnosis of dental disorders in
the horse. Equine Vet. J. 33, 49-58.

Windley, Z., Weller, R., Tremaine, W.H. and Perkins, J.D. (2009) Two- and
three-dimensional computed tomographic anatomy of the
enamel, infundibulae and pulp of 126 equine cheek teeth. Part 2:
Findings in teeth with macroscopic occlusal or computed
tomographic lesions. Equine Vet. J. 41, 441-447.

Witte, T. and Perkins, J. (2011) Early diagnosis may hold the key to the
successful treatment of nasal and paranasal sinus neoplasia in the
horse. Equine Vet. Educ. 23, 441-447.

© 2014 EVJ Ltd

215EQUINE VETERINARY EDUCATION / AE / APRIL 2014



Review Article

Pituitary pars intermedia dysfunction: Diagnosis and treatment
A. E. Durham*, C. M. McGowan†, K. Fey‡, Y. Tamzali§ and J. H. van der Kolk¶

The Liphook Equine Hospital, Liphook, UK; †University of Liverpool, UK; ‡Justus-Liebig-Universität, Gießen, Germany;
§INP-Ecole Vétérinaire de Toulouse, France; and ¶Euregio Laboratory Services, Maastricht, The Netherlands.
*Corresponding author email: andy@theleh.co.uk

Keywords: horse; pituitary pars intermedia dysfunction; Cushing’s disease; adrenocorticotropic hormone; thyrotropin-releasing
hormone; dexamethasone suppression test

Summary
Pituitary pars intermedia dysfunction is a common problem
with which equine practitioners are becoming involved
ever more frequently. This current review aims to outline
recommendations for diagnosis, treatment and monitoring of
the condition when encountered in practice.

Introduction
Pituitary pars intermedia dysfunction (PPID, equine Cushing’s
disease) has evolved from a condition once regarded as a
rare endocrinopathy of minority interest to practitioners, to
a condition recognised almost daily in equine practice.
Pituitary pars intermedia dysfunction is a prominent cause of
morbidity in mature to elderly horses and ponies and may
affect >20% of horses aged ≥15 years (McGowan et al. 2013a),
although the disease is also seen in younger horses (Evans
1972; Orth et al. 1982; Heinrichs et al. 1990; Couëtil et al. 1996;
Beech et al. 2011a). A recent study indicated a >12-fold
increase in PPID admissions relative to total admissions in North
American Veterinary Teaching Hospitals during the time period
between 1993 and 2004 (Rohrbach et al. 2012). Recently a
group of European medicine specialists produced a
statement encompassing practical, evidence-based advice
for equine practitioners when dealing with suspected PPID
cases (Durham et al. 2013). A similar project has also been
updated in the USA (Frank et al. 2013). This review serves to
expand upon and update those statements and also includes
data from several abstracts presented at recent specialist
meetings (Durham and Copas 2011, 2012; Durham 2012;
Gimplinger and Fey 2012; Rendle et al. 2012; Schott et al.
2012).

Clinical signs
Early signs of PPID include laminitis, abnormal hair-shedding
patterns, muscle atrophy leading to a ‘pot-belly’ and/or
‘wasted topline’ appearance, abnormal fat distribution
(especially periorbital), and lethargy and should be regarded
as potential signals of future, more serious clinical disease.
Other signs that may be seen in association with PPID include
hair-colour fading or changing colour, polydipsia and polyuria,
excessive or decreased sweating, susceptibility to secondary
infections, infertility and, rarely, seizure-like activity (McFarlane
2011). Various clinical signs may trigger veterinary investigation
of suspected PPID, with laminitis being the most serious,
although by no means do all cases of PPID develop laminitis. It
is likely that subclinical PPID has been present for months to
years prior to development of clinically recognised laminitis. An
Australian study showed a laminitis prevalence of 13% in 69

aged horses diagnosed with PPID, representing a 4.65 times
odds ratio (95% confidence interval 1.50–14.4; P<0.001)
compared with 256 controls (McGowan et al. 2013a). In
comparison, higher laminitis prevalence rates of 24–82% have
been reported in veterinary hospitals (Schott 2002; McGowan
2003).

Laboratory testing of PPID cases
Laboratory testing of suspected PPID cases is indicated both
for confirmation of PPID and also to provide insight into the
wider health status of the individual. Routine haematology
and biochemistry are not useful in establishing a diagnosis of
PPID although a general health screen and faecal worm egg
count may be useful for identification of concurrent disease.
Measurement of serum insulin and plasma glucose
concentrations are also recommended (see later).

The presence of advancing age and clinical signs may be
considered adequate for a clinical diagnosis in the field.
However, laboratory testing is also of importance for several
reasons including investigation of equivocal cases, subclinical
cases, differentiation from equine metabolic syndrome (NB the
conditions might coexist), for owners reluctant to start life-long
treatment without strong evidence as well as for monitoring
treatment efficacy.

Current diagnostic tests for PPID that are considered to
possess adequate accuracy and availability for clinical use
comprise basal plasma adrenocorticotropic hormone (ACTH)
concentration, the overnight dexamethasone suppression
test (ODST) and the thyrotropin-releasing hormone (TRH)
stimulation test (measuring ACTH).

Basal plasma ACTH concentration

[ : ( . );Conversion factor for ACTH pg ml pmol l  22 2
pmol l pg m

→ ×
→

0 0
ll  4 541( . )]×

In normal horses physiological production of ACTH occurs in
corticotrope cells in the pars distalis, which release the
hormone in response to corticotropin releasing factor following
cleavage from the parent peptide POMC. It is thought that in
normal horses only about 2% of circulating ACTH is derived
from the melanotrope cells of the pars intermedia as further
cleavage normally results in conversion of ACTH into
α-melanocyte-stimulating hormone and corticotropin-like
intermediate peptide (Wilson et al. 1982). In PPID cases there is
overproduction of immunoreactive ACTH from pars intermedia
melanotropes (Orth and Nicholson 1982; Wilson et al. 1982).

Determination of the resting plasma ACTH concentration
is the most practical diagnostic test for PPID, perhaps due to
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the simplicity of collection of a single sample and also the
availability of seasonal reference ranges in some laboratories
that allow testing at any time of year (Copas and Durham
2012). Although increased basal plasma ACTH concentration
is clearly associated with the presence of PPID (van der Kolk
et al. 1995), adrenal hyperplasia is frequently absent and
plasma cortisol concentration is generally normal (McFarlane
et al. 2006; Beech et al. 2011b). This has been attributed to the
finding that pars intermedia-derived immunoreactive ACTH in
PPID cases is significantly less bioactive than the pars
distalis-derived ACTH (Orth and Nicholson 1982; Sommer 2003;
Beech et al. 2011b; Cordero et al. 2011).

Several in vivo and in vitro factors other than PPID could
influence the measured concentration of ACTH. Variation in
results from different analysers, at different times of year and in
different geographic locations makes it important that
individual laboratories establish reference intervals (Schott
et al. 2012; Gehlen and Bradaric 2013). Further potentially
important considerations are discussed below.

Seasonality
Donaldson et al. (2005) first noted that ACTH concentration in
healthy horses and ponies was significantly higher when
measured in September compared with January and May,
indicative of an autumnal increase in pituitary activity and
ACTH secretion, and advised avoidance of testing for PPID at
that time of year. This circannual variability has been
confirmed by other studies some of which established
seasonal reference intervals, thus enabling year-round use of
ACTH as a diagnostic test (Copas and Durham 2012;
Gimplinger and Fey 2012). Copas and Durham (2012) further
showed that the autumnal (August, September and October)
increase in plasma ACTH concentration was even greater in
horses with PPID than in normal horses indicating that
responses to seasonal cues are not only retained but
magnified in PPID (Fig 1). Consistent with this, another study
demonstrated that the highest sensitivity and specificity of
basal plasma ACTH concentration for PPID diagnosis was in
the autumn using a seasonally adjusted reference range
(McGowan et al. 2013b).

In vitro stability of ACTH
Adrenocorticotropic hormone is subject to in vitro
degradation such that immunoreactivity decreases over time

following sampling. Perkins et al. (2002) showed no significant
decrease in measured ACTH when plasma was kept chilled
for 8 h. Durham and Copas (2011) showed that when plasma
was stored at 20–40°C there was a progressive decrease in
measured ACTH but this was not significant until 3–6 h after
storage, leading to advice that samples should be chilled
within 3 h of collection and maintained in a chilled state until
testing.

Protease inhibitors such as aprotinin and N-
phenylmaleimide have been reported in non-equid species as
an attempted means to increase stability of ACTH in vitro.
Several equine studies have found that such products fail to
prevent ACTH degradation and therefore they are not
recommended (Bruns 2001; Durham and Copas 2011; Rendle
et al. 2012).

Studies of delayed centrifugation of samples have
indicated that unseparated whole blood or gravity separated
plasma are suitable for testing as long as the samples are
chilled promptly after collection and centrifuged upon receipt
by the laboratory (Durham and Copas 2011). However, should
a noncentrifuged or gravity separated sample become frozen
then spuriously high ACTH concentrations will be measured,
possibly as a result of cellular remnants carrying
immunoreactive peptides (Durham and Copas 2011).

Timing of sampling
A few studies have looked into the possibility of diurnal
variability in ACTH secretion and have generally found that,
although some variability exists, it is not prominent and unlikely
to affect diagnosis (Lee et al. 2010; Cordero et al. 2012; Rendle
et al. 2012). However, ACTH concentrations may vary slightly
through the day and therefore standardisation of sampling
times is preferable when further samples are taken for
comparison during monitoring.

Further possible short-term variability in ACTH secretion may
occur as a result of pulsatile secretion in a small minority of
cases although a single sample will generally be diagnostically
acceptable. One study has also indicated that plasma ACTH
concentrations are significantly lower after a 12 h fast than
when measured 2 h after feeding at the end of the fast
suggesting that diet may also need to be standardised when
using this test for PPID investigation (Diez de Castro et al. 2013).

Stress/pain
Adrenocorticotropic hormone may intuitively be susceptible
to variability as a result of the pain of laminitis, stress of transport
or even any aversion to the blood sampling procedure.
However, several studies have concluded that pain, stress and
concurrent illness are only likely to affect diagnostic usefulness
of ACTH when severe (Alexander et al. 1988; Couëtil et al.
1996). General anaesthesia, strenuous exercise, moderate to
severe illness and severe pain may all increase plasma ACTH
(Taylor 1989; Alexander et al. 1991; Towns et al. 2010) and
where these conditions exist care should be taken in
interpreting the result.

The above findings are condensed into general advice
when using ACTH as a diagnostic aid for PPID (Table 1).

The diagnostic accuracy of plasma ACTH concentration
has been subject to several studies. Van der Kolk et al. (1995)
found perfect discrimination between 24 post mortem
confirmed pituitary adenoma and 7 normal horses using
a basal ACTH cut-off of 55 pg/ml (12.1 pmol/l) using
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Fig 1: Illustration of seasonal variability of median plasma
adrenocorticotropic hormone (ACTH) in normal (n = 156, black
bars) and pituitary pars intermedia dysfunction horses (n = 962,
grey bars; data from Copas and Durham 2012).
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radioimmunoassay. Another series of publications, using
chemiluminescent assay, comparing 13 post mortem
confirmed clinical PPID cases vs. 22 normal horses indicated
sensitivity for basal ACTH of 77% and specificity of 100% using
a cut-off of 35 pg/ml (7.7 pmol/l), although test sensitivity
was <50% when subclinical and mild clinical PPID cases
were included (Beech et al. 2007; 2011a,b, personal
communication). One study has looked at the sensitivity and
specificity of basal ACTH using seasonally adjusted reference
ranges for diagnosis of clinical PPID cases (McGowan et al.
2013b). In that study, the sensitivity and specificity were 80%
and 82% respectively during the nonautumn months, and 100%
and 95% in the autumn when seasonally adjusted reference
ranges were used. Thus it may be uncommon for horses with
normal pituitary glands to have increased basal ACTH
concentration. However, some PPID cases may not
demonstrate increased ACTH.

ODST

[ : ( );Conversion factor for cortisol g dl nmol l  2759
nmol l

μ
μ

→ ×
→ gg dl  362( . )]×0

In contrast to pars intermedia melanotropes, pars distalis
corticotropes are subject to negative feedback from
endogenous cortisol and administration of exogenous
glucocorticoids leads to suppressed ACTH secretion. Thus, in
the normal horse, where ACTH comes almost exclusively from
the pars distalis, exogenous glucocorticoids are followed by a
significant decrease in plasma cortisol concentration.
However, in PPID, where significant quantities of ACTH are
produced by the pars intermedia, cortisol secretion may be
maintained in the face of administration of glucocorticoids
(Dybdal et al. 1994).

The ODST might be favoured in some areas due to more
widespread availability of cortisol assays and greater in vitro
stability of cortisol vs. ACTH. Performance of the ODST requires
veterinary attendance on 2 consecutive days presenting
cost and time implications. Concerns also exist regarding
possible adverse effects of dexamethasone administration in
laminitis-prone individuals. Furthermore, ODST is subject to
seasonal effects with false positive results likely in the autumn
meaning that the test should not be used then (Donaldson
et al. 2005; Schott et al. 2007). The procedure for the ODST is
outlined in Table 2.

High cortisol concentrations 18–20 h following
dexamethasone administration are indicative of PPID.
Combination of 3 published studies (n = 111) comparing
clinical PPID cases with normal horses, including post mortem

confirmation of diagnosis and a cut-off of 27 nmol/l (10 μg/dl),
indicated an overall test sensitivity of 89% and specificity of
88% (Dybdal et al. 1994; Frank et al. 2006; Beech et al. 2007). As
with basal ACTH testing, ODST is likely to be less sensitive in
subclinical or mild clinical PPID cases.

TRH stimulation test
Concerns regarding low sensitivity of basal ACTH and ODST for
identification of PPID have provoked investigation of
stimulation tests, especially for cases that might be in an early
clinical or even preclinical phase. McFarlane et al. (2006)
confirmed the presence of mRNA for TRH Type 1 receptors in
both pars intermedia melanotropes and pars distalis
corticotropes in normal and PPID horses. Administration of TRH
in vivo leads to increases in plasma concentrations of ACTH
and α-melanocyte-stimulating hormone in normal and PPID
horses, although the response is significantly greater in PPID
cases (McFarlane et al. 2006; Beech et al. 2007; 2011a,b).
Plasma ACTH concentration peaks within 2–10 min of TRH
injection and then gradually decreases back towards baseline
by about one hour (Beech et al. 2007; 2011a,b; Funk et al.
2011) (Fig 2).

Thyrotropin-releasing hormone is not licensed for use in
horses and owners should be warned that reactions to i.v.
administration including transient muscle trembling, yawning,
lip-smacking, flehmen and coughing are not uncommon
(Beech et al. 2007). Supplies of TRH may be limited and costly
in some areas, creating further problems with performing this
test. The response to TRH is greater in the autumn months than
at other times of year (Beech et al. 2007; 2011a,b; Funk et al.
2011) and, as no seasonal reference intervals are yet
published, the test cannot be properly interpreted at that time
of year. The recommended procedure for TRH stimulation
testing is outlined in Table 3.

Currently the TRH stimulation test appears to offer higher
diagnostic sensitivity compared with other tests for PPID
(Beech et al. 2007; 2011a,b) and possibly offers the prospect of
diagnosis at an earlier stage of disease. For diagnostic
purposes, measuring plasma ACTH at 10 min post TRH is
recommended using a cut-off of 110 ng/l, although the
reference value might well be amended as greater numbers
of test results are examined.

Additional valuable tests
The causal mechanism linking PPID with laminitis is unknown.
Hyperinsulinaemia is well established as one of only a few
proven causes of laminitis in horses and ponies (Asplin et al.
2007; de Laat et al. 2010) and insulin sensitivity is commonly
decreased in association with PPID (Klinkhamer et al. 2011).
Furthermore, McGowan et al. (2004) found that basal insulin
concentration was negatively associated with prognosis in

TABLE 1: Advice for pretest handling of sample collected for ACTH
analysis

1. Collect EDTA plasma sample at any time of day (but be
consistent if re-testing for comparison later)

2. Chill sample as soon as possible and within 3 h of collection
3. Centrifuge prior to shipping to laboratory (gravity separated

samples can be shipped as long as they remain chilled and
do not freeze)

4. Ship to laboratory using guaranteed overnight delivery in
chilled packaging (freeze centrifuged plasma if delivery is
delayed)

TABLE 2: Protocol for performance of the overnight dexamethasone
suppression test

1. Collect baseline serum or plasma (consult receiving
laboratory) sample for cortisol (this sample can be omitted to
reduce costs)

2. Inject 0.04 mg/kg bwt dexamethasone i.m.
3. Collect further sample for cortisol 18–20 h later
4. Centrifuge prior to shipping to laboratory
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PPID cases and Walsh et al. (2009) also found associations
between laminitis and insulin concentration in PPID cases.

Hence, the measurement of serum insulin and glucose is
strongly recommended in PPID cases as an indicator of
laminitis risk, diabetes mellitus and prognosis. However, the
conditions under which the tests are performed have a
large influence on prevalence of abnormal results. Fasting
hyperinsulinaemia is variably present in PPID cases although
recent data have shown that most horses affected with PPID
show an exaggerated insulinaemic response to ingested
glucose, suggesting that the insulin response to oral sugar
challenge is more sensitive than basal insulin concentrations
(Table 4). Despite logical concerns regarding the potential of
oral sugar tests to provoke a hyperinsulinaemia capable of
inducing iatrogenic laminitis, this is a consequence that
appears to be extremely rare in the authors’ experiences.

Treatment and monitoring recommendations
The treatment of choice for PPID is pergolide mesylate
(Prascend, Boehringer Ingelheim), which is licensed for use in
horses. Use of other unlicensed drugs such as bromocryptine
and cyproheptadine is reported although less supportive
evidence exists (Beck 1992; Beech 1994; Perkins et al. 2002). As
PPID can vary from no clinical or mild signs and pars
intermedia hyperplasia to prominent clinical signs and pars
intermedia macroadenoma (Heinrichs et al. 1990; van der Kolk
et al. 2004; Miller et al. 2008), it follows that required doses for
control of PPID may vary between cases, in addition to
possible inter-individual variation in bioavailability and drug
action.

Treatment efficacy can be evaluated empirically after 1–3
months on the basis of clinical response including general
attitude, increasing activity, start of hair shedding,
improvement of laminitis and a decrease in water
consumption if previously polydipsic (Pongratz et al. 2010;
Rohrbach et al. 2012). However, monitoring changes in
laboratory indicators of PPID may offer a more objective
means of monitoring response to treatment. Several small
studies have documented improvement in laboratory

variables including basal ACTH and ODST response as
objective markers of efficacy following treatment with
pergolide or cyproheptadine (Peters et al. 1995; Schott et al.
2001; Donaldson et al. 2002; Perkins et al. 2002; Rohrbach et al.
2012). In one large study of 113 PPID cases following treatment
with pergolide for 180 days, improvement in clinical signs and
blood test results (basal ACTH or ODST) was observed in 76% of
cases (Andrews et al. 2011).

Although consensus appears to favour a starting daily dose
of pergolide of approximately 0.002 mg/kg bwt orally, the
expected timing of detectable response to treatment has not
been well defined. In one study 33 of 39 horses (85%) treated
with pergolide following a diagnosis of PPID demonstrated a
decrease of pretreatment plasma ACTH concentration to
<35 ng/l and/or by >50% of baseline within a 3 month follow-up
period. Of these 33 responding cases, only one (3%) had not
responded by 28 days but did so later (Durham and Copas
2012). Therefore it is recommended that plasma ACTH is
checked approximately 4 weeks following initiation of
pergolide therapy or following dosage increases. However,
treatment response can occasionally be delayed far longer
than this perhaps reflecting more established and resistant
pars intermedia pathology. Some PPID cases that initially fail to
respond to pergolide treatment may eventually respond (as
judged by clinical and laboratory tests) after as long as 3–4
years’ treatment (H.C. Schott, unpublished data).

Currently, for best practice it is recommended that the
following protocol is used for management of PPID cases:

1. Document clinical findings. Obtain baseline clinical and
endocrine values including baseline foot radiographs
(even if laminitis is not clinically evident), and plasma
ACTH, glucose and insulin concentrations or insulin
response to oral sugar challenge (Table 4).

2. Owners should be encouraged to monitor appetite, hair
coat, water intake and bed wetting when housed, body
condition score, laminitis/lameness and general
demeanour monthly.

3. Start pergolide at a dose of 0.002 mg/kg bwt per os q. 24 h
(to the nearest 0.5 mg total dose; Table 5).

4. After one month of treatment, re-evaluate clinical signs,
considering owner-reported changes, and endocrine
values. One or more clinical signs is expected to improve
and/or the basal ACTH to have returned to normal or
close to normal range for that time of year (retest at same
time of day and under same conditions as baseline
values).
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personal communication J Beech;
NB not all data exist for every horse
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TABLE 3: Procedure for TRH stimulation testing

1. Collect baseline EDTA plasma sample for ACTH analysis
2. Inject 1 mg TRH i.v.
3. Collect a further EDTA plasma sample at 10 min following TRH
4. Process plasma samples as per measurement of basal

plasma ACTH procedure above
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5. If clinical and/or endocrine improvements are not noted,
increase the dose of pergolide by 0.001 mg/kg bwt.

6. Re-evaluate monthly with increases in the pergolide dose
by 0.001 mg/kg bwt until clinical signs and endocrine
variables have improved or a maximal dose of
0.010 mg/kg bwt has been reached.

7. If signs of decreased appetite or worsening lethargy or
inactivity are observed, reduce the dose by increments of
0.001 mg/kg bwt and investigate for concurrent disease.

8. Once the signs have been successfully controlled, clinical
and endocrine monitoring can reduce to 2–4 times/year,
with at least one of these scheduled for between August
and October.

9. Owners should continue to monitor at least monthly
and alert their veterinarian if there is deterioration or
development of any new clinical signs.

Dilemmas arising during PPID management

Results from basal ACTH or ODST are in the ‘grey-zone’
Few clinical or laboratory tests produce entirely clear and
dichotomous positive or negative results and it should be
expected that in PPID investigation, as with most other
medical investigations, some results will create interpretative
difficulties. Interestingly original descriptions of basal ACTH
(van der Kolk et al. 1995) and ODST (Dybdal et al. 1994) for
diagnosis of PPID indicated 100% sensitivity and specificity
although it was likely that normal horses were compared with
those with advanced clinical disease in those early studies.
Discordance between results of different tests for PPID is well
recognised in cases with milder clinical signs and pars
intermedia pathology. In one study, 21.5% of PPID cases had
discordant results when tested with ODST and basal ACTH
(McFarlane et al. 2012). Intuitively, early and/or mild clinical
disease is likely to produce endocrine test results closer to the
laboratory reference interval cut-off and so further testing
should be considered under such circumstances.

Consideration of potential confounding factors for the test
performed (e.g. stress, pain, sedation, lack of prompt in vitro
chilling) is important to improve test specificity. If no
confounding factor is suspected then retesting using the same
test in 3–6 months might allow for some disease progression
and improve test sensitivity. Retesting basal ACTH during
August, September and October using seasonally adjusted

reference intervals is associated with higher test sensitivity than
testing at other times of year and increases the likelihood of
detecting PPID (McGowan et al. 2013b). Another option is to
retest using a different test. The TRH stimulation test is worthy of
consideration for this purpose as its sensitivity has been found
to be greater than that of basal ACTH or ODST.

Two studies indicate that, when applying a reference
interval cut-off of 29 pg/ml, basal ACTH concentrations
≤19 ng/l (‘clear negative’) and ≥39 pg/ml (‘clear positive’)
usually concur with TRH stimulation results whereas values
between 20 and 40 pg/ml (‘borderline’ results perhaps
representing a heterogeneous mix of normal horses and those
with early/mild PPID) are often discordant with TRH stimulation
results (Durham 2012; Rendle et al. 2014).

Plasma ACTH concentration fails to decrease
significantly after pergolide therapy
Persistently increased plasma ACTH despite pergolide
treatment suggests ongoing pars intermedia dysfunction and
incomplete pharmacological control. If further increases in
pergolide dosage fail to improve the clinical and/or laboratory
findings then consideration could be given to using a different
drug such as trilostane or cyproheptadine. As these are
different classes of drug to pergolide they can be
administered alongside the pergolide therapy although
evidence for combined therapy remains scant. Given
evidence of some PPID cases that show drug responsiveness
several years after starting treatment as described above,
then withdrawal of treatment following apparent treatment
failure may be inadvisable and persistence might prove to be
helpful eventually. It is tempting to speculate that timing
of response may depend on pathology within the pars
intermedia with more established or progressed disease
requiring prolonged pergolide exposure before response is
seen.

A dilemma arises in cases where laboratory values fail to
improve despite apparent clinical improvement. However,
although it may be relatively easy to identify improvements in
many clinical signs such as attitude and haircoat, it may not
be so easy to identify clinically a decrease in future risk of
laminitis, in which case laboratory tests may be more
important (especially insulin – see below).

Serum insulin concentration remains increased
despite normalisation of ACTH or ODST
Several studies have indicated that most PPID cases treated
with pergolide and/or cyproheptadine demonstrate a
decrease in basal ACTH concentration and post-
dexamethasone cortisol (Peters et al. 1995; Schott et al. 2001;
Donaldson et al. 2002; Perkins et al. 2002; Andrews et al. 2011;
Rohrbach et al. 2012). However, measuring serum insulin may
have greater prognostic meaning (McGowan et al. 2004;

TABLE 4: Prevalence of hyperinsulinaemia in PPID cases according to test conditions (A.E. Durham unpublished data)

Total PPID cases Number hyperinsulinaemic
%

hyperinsulinaemic

Fasting hyperinsulinaemia (>20 mU/l) 11 1 9%
Non-fasting hyperinsulinaemia (>50 mU/l) 1145 339 30%
Hyperinsulinaemia at 2 h after 1 g/kg bwt

glucose (>81 mU/l)
88 60 68%

TABLE 5: Suggested starting dosage of pergolide for treatment of
PPID by bodyweight

Bodyweight Starting daily dose

200–350 kg 0.5 mg
350–600 kg 1.0 mg
601–850 kg 1.5 mg
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Walsh et al. 2009) but this has not been subject to much
examination following treatment of PPID. Where
hyperinsulinaemia remains there may be ongoing risk of
laminitis and further action is recommended. Andrews et al.
(2011) described a significant decrease in mean basal insulin
(and glucose) in 113 PPID cases following pergolide treatment
from 70 to 43 mU/l although post treatment values were still
commonly above the reference interval. A further study
similarly indicated a decrease in median basal insulin from 48
to 18 mU/l (P<0.001) in 43 PPID cases within 4–8 weeks of
starting pergolide. Interestingly response in insulin was
unrelated to response in ACTH concentrations (A.E. Durham,
unpublished data).

Careful dietary control by restricting access to feeds high in
nonstructural carbohydrates (e.g. cereals, high nonstructural
carbohydrate pasture), which are likely to further increase
insulin secretion is recommended in hyperinsulinaemic horses.
However PPID horses should not be severely calorie restricted
(unless obese) due to risk of exacerbating their catabolic
status. If the horse is underweight, relatively high energy,
noninsulinaemic feeds should be considered such as
nonmolassed sugar beet pulp, rice bran, alfalfa and
vegetable oil. Adequate protein intake should also be ensured
and ration balancers used where necessary. Exercise may be
another means of improving peripheral insulin sensitivity and
decreasing plasma insulin concentrations where absence of
lameness from laminitis allows. Metformin has recently been
shown to decrease glycaemic and insulinaemic responses to
nonstructural carbohydrate ingestion in normal, insulin resistant
and PPID horses (Rendle et al. 2013) and might also be
considered alongside pergolide treatment in persistently
hyperinsulinaemic cases. Safety and efficacy of metformin in
diabetes mellitus cases has not been established to date
(Durham et al. 2009).

Persistent laminitis
Persistent laminitis is frequently associated with failure to
control the PPID and continued hyperinsulinaemia (Walsh
et al. 2009). Rechecking basal ACTH concentration to see
whether or not the pituitary gland remains dysfunctional
despite treatment is recommended. Efforts should also be
made to control serum insulin concentrations as discussed
above. Additionally, appropriate farriery and digital support
plays an important role in improving comfort in laminitis cases.

Inappetance
Poor appetite was described in 6/38 (16%) pergolide treated
horses in one study (Pongratz et al. 2010) and in 40/122 (33%) in
another (Andrews et al. 2011). Decreased appetite tends to
occur within the first week after initiation of treatment or
following dosage increases and is generally transient although
can persist or recur. Initial gradual introduction of pergolide
may decrease the incidence of inappetance in treated
cases. Where inappetance is seen then the pergolide dose
should be reduced or temporarily stopped, followed by a
gradual increase again. It is also mandatory to consider
alternative causes of inappetance and further clinical or
clinicopathological investigations, especially dental and oral
examinations are important.

Marked weight loss
Mild muscle wastage is not uncommon in PPID cases although
more pronounced weight loss is deserving of further

investigation. Andrews et al. (2011) reported weight loss in
>50% of 122 treated PPID cases although this was only
considered to be abnormal in 11/122 (9%). Further clinical or
clinicopathological investigations are warranted in such cases,
especially checking plasma and urine glucose for signs of
marked hyperglycaemia and diabetes mellitus (Durham et al.
2009).

Conclusion
This review aimed to clarify and outline current thoughts on
diagnosis and treatment of PPID in equine practice. Increasing
interest in this common equine disease is likely to lead to further
developments in our approach to such cases, perhaps most
especially in the field of diagnostic techniques where room for
further improvement clearly exists.

Diagnosis of PPID can be achieved using one, or a
combination, of 3 highly specific laboratory tests. Sensitivity of
testing remains a concern especially in nonautumnal testing
of early or mild PPID cases. Adjunctive testing, especially
examining for hyperinsulinaemia, is also recommended as a
means of detecting cases at particular risk of laminitis. The
cornerstone of management of PPID is use of pergolide
mesylate (Prascend), although clinicians should be aware of
the possibility of concurrent disease and manage accordingly.
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